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Abstract

In contrast to existing antennas with polarization and
directional characteristics, we propose a novel isotropic
antenna that provides equivalent vertical and horizontal
polarization in all directions. The final design was guided
by simulations, with the performance characteristics of
the fabricated antenna verified experimentally. In the
proposed antenna, two A/4 folded microstrip antennas
were integrated into one antenna in a “+” shape to gener-
ate the isotropic radiation pattern, with the input imped-
ance matched to the feeding position. The resonant
frequency, horizontal width, radiation pattern, and axis
ratio were adjusted by changing the length of the micro-
strip line. Both simulations and experiments confirmed
that the radiation patterns of vertical and horizontal
polarization on each plane show the characteristics of an
isotropic antenna with nondirectional radiation pattern.
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1 | INTRODUCTION

Polarization and directivity were fundamental properties in
all types of antennas. For instantce, microstrip antenna and
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horn antenna have directivity. Due to existence of polariza-
tion, isotropic antenna that has equal vertical and horizontal
polarization components in all directions has been known
almost impossible to be implemented in practice. Neverthe-
less, if an antenna exhibiting an isotropic pattern for both
vertical and horizontal polarization can be developed, it will
be effective as a standard antenna.

In this article, we present a novel design of folded
microstrip linearly-polarized antenna with a nondirectional
pattern in the E-plane and an elliptical pattern in the H-
plane. Based on this, the two antennas were combined into
a “+” shape. This letter proposes a design for an isotropic
antenna in which the E-plane and H-plane radiation pat-
terns for both vertical and horizontal were nondirectional in
all directions.

2 | ANTENNA DESIGN

2.1 | A/2 microstrip antenna

The basic A/2 (A: wavelength) microstrip patch antenna
structure and electric field were shown in Figure 1(A). The
radiating element length L was 4/2, and the width W can also
be set close to A/2.'~ In addition, / represents the height of
the patch, and the resonance mode was set TM® gy in the
cavity model. On the top view, the leakage electric field dis-
tribution corresponding to the case where the ground plane
was larger than the radiating element was shown, as can be
seen in Figure 1(B), for which the leakage electric field
length AL was assumed to be similar to the height of the
patch. Here, since the field distribution of the vertical polari-
zation is in phase, it contributes to the radiation. However,
since the field distribution of the horizontal polarization is
out of phase in TM®op mode, it does not contribute to
radiation.

We performed simulations for the antenna in Figure 2(A)
with the center frequency 118 MHz (A: 2542 mm) of the
ground-based augmentation system.*” The simulation and
characteristic analysis of the antenna was performed using the
MWS analysis software(CST, 2017). Probe feeding was used
for the feeding mechanism, and styrofoam was selected as a
dielectric material with air-like properties. The design dimen-
sions and characteristics were shown in Figure 2. The ground
plane size was set to 14 x 14. The S;; parameter was —16.7
dB, and the radiation pattern of the signal polarized paralleled
to the x-axis. In the case of the y-axis parallel polarization, not
only leakage electric field was out of phase, but also the feed
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FIGURE 1 Schematic illustrations of the 4/2 microstrip antenna structure and TM? ¢y mode: (A) Structure; (B) Top view and leakage electric

field

Unit : mm

2542 (1))
B) o —
St
_-0p
AL
2 P
| <« 118MHz
250 L .
30 .| —— Simulation

60 80 100 120 140 160 180 200
Frequency [MHz]

— xzplane E,

30 = yz-plane E'

=20

204

Realized gain [dBi]
\ o ]
(=}

3

240

FIGURE 2 Design parameters of the /2 microstrip antenna: (A) Structure; (B) S11; (C) Radiation pattern [Color figure can be viewed at
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point was located at the center of the horizontal axis (y-axis),
which renders impedance matching impossible and results in
a large return loss. Therefore, the radiation output comprises
the vertical polarization contribution only, and it was difficult
to obtain a horizontal polarization radiation pattern.

2.2 | A/4 folded microstrip antenna

To extract an effective radiation contribution from the hori-
zontal polarization, the x-axis antenna length L was folded,
thus becoming 4/4, as shown in Figure 3(A).6_10 In addition,
the size of the ground plane was designed to be equal to the
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FIGURE 3 Configuration schematic illustration and fabrication of the 4/4 folded microstrip antenna mode and design characteristics: (A) 4/4

folded microstrip antenna mode; (B) Schematic of 1/4 folded microstrip antenna; (C) Simulation structure; (D) Fabricated structure; (E) S;;;
(F) Radiation pattern [Color figure can be viewed at wileyonlinelibrary.com]

size of the radiating element. Accordingly, the magnetic cur-
rent density M on the aperture surface becomes in-phase,
and the electric field distribution on the x-axis contributes to

radiation even in the xy-plane. The schematic of the 1/4
folded microstrip antenna was shown in Figure 3(B). The
actual feeding was transformed into a structure in which
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FIGURE 3 Continued [Color figure can be viewed at wileyonlinelibrary.com]

the ground plane and the microstrip line were inserted cen-
trally, as shown in Figure 3(C). The simulation yielded a Sy,
value of —36.13 dB. The Ey component (E-plane) was non-
directional in the xz-plane. In addition, the Ey component
(H-plane) formed a radiation pattern with a difference of
1.38dB between the maximum and the minimum level in
the xy-plane. The reason the level was low in the +x-axis
direction was that the electric field distribution has a sine
distribution. However, This level difference can be over-
come by adjusting the opening width of the yz-plane. The Ey
component shows a directional pattern in the yz-plane from
the polarization effect.

The fabricated antenna were shown in Figure 3(D). In
this case, S;; was measured as —22.36 dB, and the radia-
tion pattern was consistent with the simulation result.
From these results, if such antennas were properly
coupled, the directional pattern of Ey components in the yz-
plane becomes possible as a nondirectional pattern. It also
creates a nondirectional pattern of the E4 component in the
xz-plane. Then, the challenge to obtain an isotropic pattern
in all directions for the vertical and horizontal polarization
remained.

3 | PROPOSED MICROSTRIP
ANTENNA

First, as shown in Figure 4(A), two A/4 folded microstrip
antennas were combined in a “+4” shape to obtain an isotro-
pic electric field distribution. Next, the microstrip line was

placed near the intersection at which the antennas were
orthogonally combined to each other. Two resonant frequen-
cies by the difference in the antenna width were obtained.
Then, using the difference in feed impedance of each
antenna, the phase difference was designed to be 90° from
the center frequency. The data results for this were shown in
Figure 4(C), yielding a Sy, value of —13.43 dB at the center
frequency of 118 MHz. In addition, circular polarization was
generated in the d-x-axis direction, with the Ey and E4 compo-
nents representing the vertical and horizontal polarizations,
respectively, providing nondirectionality in the xz-, yz-, and
xy-planes. In the xz-plane, the difference between the maxi-
mum and minimum levels of the Eg and E4 components was
2.61 and 1.13 dB, respectively.

The fabricated antenna were shown in Figure 4(B). With
several tunnings final dimensions of the antenna was con-
formed. After this, the S;; characteristics associated with the
dimensional change of the fabricated antenna parameters were
measured. In response to varying the width P,, it was con-
firmed that the resonant frequency increased owing to the
effect of the antenna length decreasing as P,, became shorter.
As a result, when P,, was 295 mm, that is, 37 mm shorter than
the simulation length, resonance characteristics were exhibited
at the center frequency of 118 MHz. In addition, the microstrip
line length F, affects the input impedance, with a F; of 475 mm
providing good circular polarization characteristics in the
+x-axis. In the given dimension, S;; was measured as
—10.4 dB at the center frequency of 118 MHz. In the same
way as in the simulation, in xz-, yz-, and xy-plane, both and E;
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FIGURE 4 Configuration schematic illustration and fabrication of the proposed microstrip antenna mode and design characteristics:
(A) Simulation structure; (B) Fabricated structure; (C) Sy1; (Py,: 295 mm, F;: 475 mm); (D) Change of S;; according to P, length; (E) Change in Sy,
according to F, length; (F) Radiation pattern (Py,: 295 mm, F;: 475 mm); (G) 3D radiation pattern [Color figure can be viewed at
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showed nondirectional patterns. The results were shown in
Table 1. In Figure 4(F), it was confirmed that the radiation
field was isotropic by adjusting scale of the radiation pattern.
In addition, the 3D radiation pattern was shown to be an iso-
tropic pattern in Figure 4(G).

On the other hand, in the resonance characteristic at
132.9 MHz, the feed point was shown as a +y-axis offset
from the center, and the Ey component of the yz-plane (1/
4 plane) formed by the +y-axis length and the +z-axis
length makes a pattern.

Figure 5 was shown the axial ratio in the +x axis. The
axial ratio was designed to produce right-handed circular

polarization in the +x axis, and the magnitude was measured
as 0.75 dB. As a result of left-handed circular polarization,
the axial ratio measured in the -x-axis was 0.91 dB, indicat-
ing good circular polarization characteristics.

4 | CONCLUSION

In this letter, an isotropic antenna capable of emitting verti-
cal and horizontal polarization simultaneously in all direc-
tions was designed. To make an isotropic radiation pattern,
first, by folding the A/2 microstrip antenna, the side current
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FIGURE 4 Continued [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 1 Radiation pattern characteristics of the proposed microstrip antenna in simulation and fabrication

Simulation Measurement

xz-plane yz-plane xy-plane xz-plane yz-plane xy-plane
Gain Ey E, Ey E, Ey E, E, E, E, E, E, E,
Max. (dBi) —2.01 —2.19 —2.18 -2 —2.37 —1.63 —3.12 -2.7 —3.24 —3.29 —4.47 —4.08
Min. (dBi) —4.15 —3.32 —4.79 —3.14 —4.55 -35 —5.52 —5.01 -5.3 —4.99 —6.96 —6.8
Difference (dB) 2.14 1.13 2.61 1.14 2.18 1.87 2.4 2.31 2.06 1.7 2.49 2.72

density M was made in the same direction. Therefore, a 1/4 combined in a “4” shape to feed a microstrip line near the
microstrip antenna was designed in which the leakage elec- intersection point of the vertically couple antennas. As a
tric field at the edge of the radiating element contributes to result, the Ey and E4 components showed a nondirectional
radiation in the same direction, not only from the feed axis  pattern with a level difference of less than 3 dB between the
but also from the side. Next, the two designed antennas were ~ maximum and minimum values in all directions. These
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FIGURE 5 Axial ratio of the proposed microstrip antenna: (A) right-handed circular polarization; (B) left-handed circular polarization [Color

figure can be viewed at wileyonlinelibrary.com]

results verify that the antenna proposed in this study was iso-
tropic with nondirectional characteristics in all polarization
and directional conditions. It can also cover drones and
autonomous vehicles and will be useful as antennas for 5G
and 6G.
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