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Two types of modified crossed-wire antennas are investigated to enhance a circularly polarized (CP) wave bandwidth. -e wire
length of each antenna is increased twice as long as that of the original antenna. First, a bent-type antenna is analyzed using the
method of moments. It is found that the CP wave bandwidth for a 3 dB axial ratio criterion is twice as wide as that of the original
antenna. Next, a spiral-type antenna is analyzed. It is revealed that the antenna shows a CP wave bandwidth of 28%, which is wider
than that of the original antenna by a factor of 3.5. -e analysis results are validated by experimental work.

1. Introduction

Mobile satellite communications have often required an
antenna radiating a circularly polarized (CP) conical beam
[1]. For this requirement, many antennas have been in-
vestigated [2–5]. -ese antennas are mainly divided into
two classes: planar [2, 3] and nonplanar [4, 5]. In addition,
there have been three kinds of radiators used in the
nonplanar antennas; they are an aperture [5], slot [6], and
monopole [4].

A crossed-wire antenna shown in Figure 1(a)is in a class
with the nonplanar antennas having a monopole radiator
[7]. -e antenna has an advantage over a conventional one
[2–6] in that the maximum radiation can be obtained at a
lower elevation-angle direction. So far, there has been no
investigation to increase the CP wave bandwidth.

-e purpose of this paper is to increase the CP wave
bandwidth of a crossed-wire antenna. For this, two types of
antennas with increased wire length are analyzed using the
method of moments [8]; one is a bent-type antenna shown in
Figure 1(b) and the other is a spiral-type antenna shown in
Figure 1(e), each having wire o–o′ shown Figure 1(c) as a
monopole radiator. -e radiation characteristics including
the axial ratio, beam direction, input impedance, and

radiation pattern are discussed and compared with those of
the original antenna [7] shown in Figure 1(d).

2. Bent-Type Antenna

In this section, the arm length of the original antenna [7]
shown in Figure 1(d) is increased. -e effects of the in-
creased arm length on the radiation characteristics are
investigated.

Figures 1(a)–1(c) illustrate a bent-type antenna, which is
made of wires of radius ρ. Four bent arms symmetrical with
respect to the cross point o′ are backed by a ground plane at
height h. -e arms are fed at the cross point o′ through a
vertical wire o′-o of length h, as shown in Figure 1(c), and the
bottom end o is excited by a coaxial line. To obtain CP
radiation, four parasitic elements of length h and radius ρ are
added symmetrically with respect to the cross point o′ [7].
-e location (x, y) of the parasitic element is designated as
(dx, dy), as shown in Figure 1(b). Note that the bottom end of
each parasitic element is short-circuited to the ground plane.

-e antenna is designed to radiate a CP wave in the
maximum beam direction. For this, the parasitic element
location (dx, dy) is appropriately selected [7] using the
method of moments [8]. To enhance the CP wave
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bandwidth, the bent arm length is taken to be twice (2lx+ 2ly)
as long as that (lx+ ly= 3λ0/8) of the original antenna, as
shown in Figures 1(b) and 1(d), where lx and ly are element
lengths in the x and y directions of the bent arm in the first
quadrant, respectively, and λ0 is the free-space wavelength at
a test frequency of f0.-e other configuration parameters are
chosen to be the same as those of the original antenna [7]: (h,
ρ, lx, ly) = (λ0/4, λ0/85, λ0/8, λ0/4). Note that the ground plane
is assumed to be of an infinite extent and image theory is
used in the analysis [7].

A numerical result of the axial ratio versus frequency for
(dx, dy)� (2λ0/32, 4λ0/32) is shown with a solid line in
Figure 2(a). -e axial ratio is evaluated in the maximum
beam direction. It is found that the antenna has a CP wave
bandwidth of 15% for a 3 dB axial ratio criterion. For
comparison, a dotted line shows the result of the original
antenna, which has a bandwidth of 8% [7].-e bandwidth of
the bent-type antenna is twice as wide as that of the original
antenna. A solid line of Figure 2(b) shows the beam direction
θ versus frequency, where the direction remains almost
unchanged (at θ� 53°± 2.5°) in the CP wave bandwidth.

-e input impedance as a function of frequency is shown
with solid lines in Figure 2(c). It is observed that the real part
of the impedance Rin reaches 1300Ω at a lower frequency in
the CP wave bandwidth.

Finally, we explain why the antenna can radiate a CP
wave when the parasitic element location (dx, dy) is selected.
For simplicity, we consider radiation components of Eθ and
Eϕ in the ϕ� 0° plane. Referring to the antenna coordinate
system shown in Figure 1, we see that partial radiation from
the parasitic elements has only the Eθ component. On the
other hand, partial radiation from both the four bent arms
and vertical wire o′-o has not only the Eθ component but also

the Eϕ component since each arm is bent. To be more
specific, the Eϕ component occurs from wires p-q and p′-q′
in the bent arms shown in Figure 1(b), since partial radiation
from the wire o′-r cancels out that from the wire o′-r′ due to
their current distributions having the same amplitudes with
a phase difference of 180° (this implies a fact that if the four
arms were straight, the antenna could not radiate a CP wave
even when the parasitic element location is selected). -e
selection of (dx, dy) leads to the Eθ component appropriate
for CP radiation. It can be said that appropriate radiation of
the Eθ component by the selection of (dx, dy) enables the
antenna to radiate a CP wave.

-e abovementioned explanation suggests a method for
increasing the CP wave bandwidth. Since the selection of
(dx, dy) contributes to the control of the Eθ component, it is
necessary to control the Eϕ component. We can control the
Eϕ component by increasing the arm length and/or by
changing the arm shape. From this point of view, we first
increase the arm length in this section and then change the
bent arms into spiral ones in the next section.

3. Spiral-Type Antenna

So far, we have investigated the effects of an increased arm
length on the radiation characteristics of a bent-type an-
tenna. In this section, a bent arm with an increased length is
further transformed into a spiral one shown in Figure 1(e).
-e effects of the spiral arm on the radiation characteristics
are investigated.

Figure 3 shows a spiral-type antenna of circumference C,
where the arms are symmetrical with respect to the cross
point o′. Each arm #n (n� 1, 2, 3, and 4) is defined by an
equiangular spiral function with a spiral constant as and an
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Figure 1: Antenna configurations. (a) Perspective view. (b) Top view of bent-type antenna. (c) Side view. (d) Original antenna [7]. (e) Spiral-
type antenna.
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Figure 2: Frequency responses of axial ratio, beam direction, and input impedance of bent-type antenna for (dx, dy)� (2λ0/32, 4λ0/32),
together with those of the original antenna [7]. (a) Axial ratio. (b) Beam direction. (c) Input impedance.
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Figure 3: Spiral-type antenna. (a) Arms #n (n� 1, 2, 3, and 4) with cross point o′. (b) Spiral origin on
′. Arm shape is defined by the

equiangular spiral function: r� r0 · exp [as·{ϕs − (n − 1)·π/2}], where r is the radial distance from the spiral origin on
′ to a point on the spiral

arm #n, r0 is the initial length of r, as is a spiral constant, and ϕs is a winding angle ranging (n − 1) · π/2≤ϕs≤ (n − 1) · π/2 +ϕend with ϕend
being the end winding angle.
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end winding angle ϕend. Note that the spiral origin on
′ is

shifted from the cross point o′ by a distance of r0, as shown in
Figure 3(b).

-e antenna circumference is chosen to be a typical value
(C� 2.4λ0) for a conventional spiral antenna to radiate a CP
conical beam [9]. -e arm length is taken to be the same as
that (3λ0/4) in section 2. From these two values, the two
spiral parameters are determined to be (as, ϕend)� (0.5 rad− 1,
4.5 rad) for a distance of r0 � 0.04λ0. -e other configuration
parameters are the same as those in section 2, except for the
parasitic element location (dx, dy).

-e location (dx, dy) is again optimized for CP radiation.
-e numerical result of the axial ratio versus frequency for
(dx, dy)� (57λ0/256, 15λ0/256) is shown with a solid line in
Figure 4(a), together with that of the original antenna. It is
emphasized that the antenna shows a CP wave bandwidth of
28%, which is wider than that of the original antenna by a
factor of 3.5.

A solid line in Figure 4(b) shows the frequency response
of the maximum beam direction. It is observed that the

direction is almost constant (θ� 46°± 1°) in the CP wave
bandwidth. In fact, the slight variation is half that of (±2.5°)
the bent-type antenna in section 2. It can be said that the
spiral arm contributes to not only enhancement in the CP
wave bandwidth but also to stabilization of the beam
direction.

Stabilization in the input impedance versus frequency is
also obtained. -is is shown with solid lines in Figure 4(c). It
is found that the real part of the impedance remains almost
unchanged at Rin � 14Ω in the CP wave bandwidth (while
the Rin of the bent-type antenna reaches 1300Ω in section 2).
Note that the input impedance of the original antenna is also
shown with dotted lines, which are not visible as they overlap
the solid lines.

Figures 5(a) and 5(b) show typical radiation patterns in
the ϕ� 0° and 45° planes, respectively, for (dx, dy)� (57λ0/
256, 15λ0/256).-e pattern in the ϕ� 90° plane is the same as
that in the ϕ� 0° plane due to the symmetrical antenna
configuration with respect to the coordinate origin, o. Solid
and dotted lines show the numerical results of left-hand (EL)
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Figure 4: Frequency responses of axial ratio, beam direction, and input impedance of a spiral-type antenna for (dx, dy)� (57λ0/256, 15λ0/
256), together with those of the original antenna [7]. (a) Axial ratio. (b) Beam direction. (c) Input impedance.
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and right-hand (ER) CP wave components, respectively. It is
observed that the antenna radiates a CP conical beam. -e
maximum beam directions are θ� 46° and 44° in the ϕ� 0°
and 45° planes, respectively. Angle coverages where the axial
ratio is less than 3 dB are 20° and 18° in the ϕ� 0° and 45°
planes, respectively. -e gain is approximately 5 dB.

Solid and dotted lines in Figure 5(c) show the numerical
result of the radiation pattern in the θ� 46° plane, where the
maximum radiation is obtained. It is found that the principal
polarization component EL remains almost unchanged
versus angle ϕ. -e variation in EL is within 0.8 dB.

4. Experimental Work

In this section, the numerical results in section 3 are vali-
dated by experimental work. For this, we fabricate a spiral-
type antenna using the ground plane of 12λ0 ×12λ0 at
f0 = 7GHz. Pictures of the fabricated antenna are shown in
Figure 6.-e radiation patterns are measured in an anechoic

chamber using a horn antenna (Narda 642) at a distance of
3m from the test antenna. -e test antenna is rotated on a
turntable, while the horn antenna is fixed. -e input im-
pedance is measured using a network analyzer (HP 8719C).

Small circles in Figure 4 show the experimental results of
the frequency responses of the axial ratio, beam direction,
and input impedance. -ey agree well with the numerical
results shown with solid lines.

Agreement between the experimental and numerical
results is also obtained for the radiation patterns shown in
Figure 5. Small circles and dots show the experimental re-
sults of principal (EL) and cross polarization (ER) compo-
nents, respectively. -e corresponding numerical results are
shown with solid and dotted lines.

Before concluding the investigation of modified crossed-
wire antennas, we compare the results with those of existing
nonplanar antennas. -e comparison is summarized in
Table 1. It is emphasized that the spiral-type antenna
(prototype) has a wider CP wave bandwidth than the other
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Figure 5: Radiation patterns of spiral-type antenna for (dx, dy)� (57λ0/256, 15λ0/256) at f� 1.0f0. (a) ϕ� 0° plane, where the beam direction
is θ� 46°. (b) ϕ� 45° plane. (c) θ� 46° plane.
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antennas. In addition, the prototype with increased arm
length still has a small antenna size and a large-angle beam
direction from the zenith (a low elevation-angle direction) in
comparison with the other antennas.

5. Conclusions

Using the method of moments, we have investigated a
crossed-wire antenna modified for wideband circularly
polarized (CP) radiation. First, the bent arm length of the
original antenna is increased. It is found that the CP wave
bandwidth becomes twice that of the original antenna.
Subsequently, the bent arm with an increased length is
transformed into a spiral one. It is demonstrated both
numerically and experimentally that the antenna shows a CP
wave bandwidth of 28%, which is 3.5 times as wide as that of
the original antenna.

Input impedance matching a 50 ohm coaxial line has yet
to be researched.
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