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SUMMARY A backfire helical antenna (BHA) is numeri-
cally analyzed to form a circularly polarized conical beam. The
conical beam whose radiation is null in the helical axis direction
is obtained using the second mode operation of the BHA. The
characteristics of monofilar, bifilar and quadrifilar BHA’s are
compared and discussed. It is found that a second-mode bifilar
BHA radiates a circularly polarized conical beam over a fre-
quency range of 1: 1.4. The use of the first mode of a bifilar BHA
is also investigated to form a quasi-conical beam which has the
weak radiation in the helical axis direction.

1. Introduction

In satellite communication, use of circular polari-
zation eliminates the need for control of the antenna
orientation about the bore-sight. In addition, for land
mobile antennas, a circularly polarized conical beam is
preferable since no satellite tracking system is required
(see Fig. 1).

In previous studies, a circularly polarized conical
beam was typically realized by a spiral antenna or a
microstrip antenna operating in higher modes®~®,
These antennas have the advantage of low profile
structure. However, when installation space is limited,
a rod type of antenna is required.

One type of rod antenna which is capable of
radiating a circularly polarized wave (CPW) is a

Fig. 1 Satellite communication system using a conical beam
antenna.

Manuscript received April 8, 1991.
T The authors are with College of Engineering, Hosei
University, Koganei-shi, 184 Japan.

and Junji YAMAUCHIT, Members

helical antenna. However, conventional forwardfire®
and backfire® helices operating in the first mode (helix
circumference is on the order of one wavelength or
less) radiate an axial beam, a CPW towards the
antenna axis, rather than a conical beam.

The purpose of this paper is to demonstrate the
formation of a conical beam in the —Z hemisphere
shown in Fig. 1, using a backfire helical antenna
(BHA). The radiation characteristics of the BHA are
evaluated on the basis of the current distribution
determined by the moment method.

First, we consider the generation of a conical
beam using the second-mode operation (helix circum-
ference is on the order of two wavelengths) . After
investigating the possibility of generating a conical
beam by a monofilar BHA, shown in Fig.2, we
improve the symmetry of the radiation pattern by using
a quadrifilar BHA, shown in Fig. 4. Furthermore, a
symmetrical radiation pattern and a simple feeding
system are realized by adopting a bifilar BHA, shown
in Fig. 8. Finally, the formation of a quasi-conical
beam is demonstrated using the first-mode operation of
a bifilar BHA, shown in Fig. 14.

2. Numerical Method

To evaluate the radiation characteristics of thin
wire antennas, knowledge of the current distribution
along the antenna arm is of fundamental importance.
The current distribution along the helical arm is calcu-
lated by the moment method®®. On the basis of the
determined current distribution, the radiation charac-
teristics, including the radiation pattern, axial ratio
and gain, are evaluated.

The monofilar BHA and the second-mode bifilar
BHA are excited with a small ground plane. In these
analyses, the small ground plane is approximated by a
wire grid model. The wire radius of the modelled
ground plane is taken to be the same as that of the
helix proper.

3. Possibility of Generating a Conical Beam by a
Monofilar BHA

Figure 2 shows the configuration of a monofilar
BHA. A single helical wire is excited with a §-function
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generator between the short wire connected to the helix
proper and the small ground plane. The following
designations are used to specify the configuration of
the BHA.

Cy : circumference of the helical cylinder

Dy : diameter of the helical cylinder

a: pitch angle

n: number of helical turns

a : wire radius

Cc : circumference of the small ground plane
D; : diameter of the small ground plane

Fig.2 Configuration of a monofilar BHA.

¢=0°plane $=90°plane
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Fig. 3 Radiation pattern for a monofilar BHA.
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Ly : short wire length for feeding

In this section, the configuration parameters are
taken to be Cy=18.96 cm, ¢=12.5°, n=4, a=0.05 cm,
De=2cm, L;=0.64cm. The circumferences of the
helical cylinder normalized to the operating frequency
are 0.82 at 1.3 GHz and 1.90 at 3.0 GHz.

Figure 3 shows representative examples of the
calculated radiation patterns at 1.3 GHz and 3.0 GHz.
The patterns are shown in the two principal planes, ¢
=0° and ¢=90°. It is found that backfire radiation
occurs when Cy is about one wavelength, and that the
radiation pattern splits into two beams when Cjy is
about two wavelengths.

The helix can be approximated by a succession of
loops, where the electrical loop size changes with
frequency. The traveling wave current distributions on
the loops of one- and two-wavelength circumference,
determined numerically, allow us to easily interpret the
difference in radiation patterns.

Although the possibility of generating a conical
beam with the monofilar BHA is demonstrated, the
asymmetry of the radiation pattern, which is caused by
the single-arm configuration, is appreciable, as can be
seen from Fig. 3. To obtain a more symmetrical pat-
tern, we must use a multiple-arm configuration, as
described in the next section.

4. A Conical Beam from a Second-Mode
Quadrifilar BHA

Complete symmetry of the radiation patterns in
the $=0° and ¢=90° planes can be obtained by using
a quadrifilar BHA.

Figure 4 illustrates the configuration and the feed-
ing geometry of a quadrifilar BHA. The small ground
plane, required for feeding in the monofilar BHA, is
not needed in the quadrifilar BHA. Instead, two indi-
vidual exciters must be used, as shown in Fig. 4.

The circumference of the helix Cy, the pitch angle
« and the wire radius “a” are Cy=1.896; (J5 is the
free-space wavelength at 3 GHz), ¢=12.5° and a=
0.0054s, respectively. The number of helical turns is »

Fig. 4 Configuration of a quadrifilar BHA.
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=4, which gives an antenna height of 1.74s.

Figure 5 shows the frequency characteristic of the
current amplitude distribution. A traveling wave is
dominant along the helical arm over a wide frequency
range.

Figure 6 shows the frequency characteristic of the
radiation pattern. Since identical patterns are obtained
in the $=0° and ¢$=90° planes, only the pattern in the
¢=0° plane is presented. A circularly polarized coni-
cal beam is formed in the — Z hemisphere.

Figure 7 shows the gain and axial ratio character-
istics, together with the angle of maximum radiation,
Omax- A CPW with an axial ratio of less than 1 dB is
generated over a frequency range of 2.5 GHz to 3.75
GHz (1:1.5). The frequency range in which the varia-
tion of the gain is within £1.5 dB is evaluated to be
about 36%.

Although the quadrifilar BHA forms a conical
beam over a wide range of frequencies, the feeding
system is complicated because of the multiple arms.
The next consideration is, therefore, given to a bifilar
BHA.
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5. A Conical Beam from a Second-Mode Bifilar
BHA

Figure 8 shows the configuration of a second-
mode bifilar BHA.: The two arms are combined at
point P for in-phase excitation. A ground plane is used
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Fig. 7 Radiation characteristics vs. frequency for a quadrifilar
BHA. ‘
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Fig. 6 Radiation pattern vs. frequency for a quadrifilar BHA.
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Fig.9 Current distribution as a function of the ground plane
diameter D for a bifilar BHA.

at the feed point to simplify the feeding system. The
configuration parameters are chosen to be the same as
those for the second-mode quadrifilar BHA.

The size of the ground plane affects the form of the
current distribution. When the diameter of the ground
plane D; is small, compared with that of the helical
cylinder Dy, a decaying traveling wave current domi-
nates along the helical arm. This current supports
backfire radiation. On the other hand, when the
ground plane is large, a surface wave current is generat-
ed, resulting in forwardfire radiation.

The behavior of the current distribution as a
function of the ground plane diameter is shown in Fig.
9(a ), where the operating frequency is taken to be 3.0
GHz. In this analysis, the ratio of D¢ to Dy (Iya=D
¢/Du= Cs/Cy) is in a range of 0.33 to 1.57. As a typical
example, the complex current distribution (I +/I,) for
I'42=1.06 is presented in Fig. 9(b ).

Detailed calculations show that the current distri-
bution smoothly decays provided that the 7, is less
than 1.25. The phase progression of the decaying cur-
rent is close to that in free space. The decaying current
generates backfire radiation, as shown in Fig. 10. When
the [ua is larger than 1.25, a surface wave current
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Dg=0.642, D5=0.801,

Fig. 10 Radiation pattern as a function of the ground plane
diameter D¢ for a bifilar BHA.
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Fig. 11 Axial ratio characteristic vs. angle § for a bifilar BHA.
appears in addition to the decaying current?.

The axial ratio characteristic for Dc=0.242; as a
function of the angle € is shown in Fig. 11. For the ¢
=0° plane, an excellent CPW with an axial ratio of less
than 3 dB is obtained over a wide angle range from 4
=111° to 249°. Note that there is no radiation at §=
180°. The axial ratio at the maximum radiation angle is
calculated to be 0.72 dB. A similar axial ratio charac-
teristic is also observed for the ¢=90° plane.

Now we consider the frequency characteristics of
the bifilar BHA. Since our discussion is focused on
backfire radiation, we fix the diameter of the ground
plane to be Dc=0.244;, which corresponds to [y.=
0.4, and vary the frequency from 2.3 GHz to 4.0 GHz.

Figure 12 shows the frequency characteristic of the
current amplitude distribution. A decaying current
distribution is observed at 3.0 GHz. At frequencies
lower than 3.0 GHz, a standing wave appears, because
of the current reflected towards the feed point due to
insufficient attenuation of the traveling wave.



3250

Figure 13 demonstrates that the second-mode
bifilar BHA can radiate a circularly polarized conical
beam with an axial ratio of less than 3 dB over a
frequency range of 2.5 GHz to 3.5 GHz (1:14). At
frequencies higher than 3.0 GHz, a surface wave cur-
rent appears. This leads to an increase in the
forwardfire radiation, with subsequent deterioration of
the back-to-front ratio of the radiation pattern.

6. A Quasi-Conical Beam from a First-Mode
Bifilar BHA

Finally, consideration is given to the formation of
a quasi-conical beam from a bifilar BHA operating in
the first mode, without a ground plane, as shown in
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Fig. 12 Current distribution vs. frequency for a bifilar BHA.
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Fig. 13 Radiation pattern vs. frequency for a bifilar BHA.
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Fig. 14. Usually, the bifilar BHA operating in the first
mode radiates an axial beam'®. It should be noted,
however, that a quasi-conical beam (which does not
have null radiation in the helical axis direction) is
expected, when the circumference and the pitch angle
are taken to be about 0.3 wavelengths and 60 degrees,
respectively. The quasi-conical beam operation was
experimentally found by Patton in 1962®.

This type of BHA has an advantage that the
circumference is small compared with those of BHA’s
operating in the second mode. However, it requires a
long antenna height to support enough attenuation of

resistor

-Z

Fig. 14 Configuration of a first-mode bifilar BHA.
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the current™”. To reduce the antenna height, we adopt
a means of terminating the arm ends with a proper
resistor’?, as shown in Fig. 14.

Figure 15 shows the current distribution of the
bifilar BHA whose arm ends are connected with a
resistor of 400 . The number of helical turns is =3,
which corresponds to a 1.9-wavelength height. Other
configuration parameters are as follows. The circumfer-
ence Cyp=0.3354s, the pitch angle ¢=62.5° and the
wire radius a=0.00274s.

By virtue of the addition of the resistor, the travel-
ing wave flows along the helical arm. This supports
backfire radiation, as shown in Fig. 16. Although some
amount of power is dissipated in the resistor, the gain
obtained in the direction of the maximum radiation is
calculated to be 4.8 dB, which is comparable to that of
the quadrifilar BHA discussed in Sect. 5.

The axial ratio evaluated in the direction of the
maximum radiation is 1.0 dB. A circularly polarized
wave with an axial ratio of less than 3 dB is obtained
over a wide angle coverage § from 96° to 153° and
from 207° to 264° in the ¢=0° plane, and from 93° to
153° and from 207° to 267° in the $=90° plane.
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Fig. 15 Current distribution of a first-mode bifilar BHA.
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7. Conclusions

Formation of a circularly polarized conical beam
by backfire helical antennas (BHA) has been demon-
strated with numerical results. The radiation character-
istics of the BHA’s are calculated from the current
distributions determined by the moment method.

Consideration is first given to the generation of a
conical beam using the second mode. After investigat-
ing the possibility of generating a conical beam by a
monofilar BHA, a quadrifilar BHA is analyzed to
achieve a more symmetrical pattern. It is found that the
quadrifilar BHA radiates a circularly polarized conical
beam over a wide frequency range from 2.5 GHz to
3.75 GHz (1:1.5) for a 1 dB axial ratio criterion.

To simplify the antenna configuration and the
feeding system, while maintaining a symmetrical pat-
tern, detailed consideration is given to a second-mode
bifilar BHA with a ground plane. Numerical results
reveal that the second-mode bifilar BHA radiates a
circularly polarized conical beam over a frequency
range from 2.5 GHz to 3.5 GHz (1:1.4) for a 3 dB
axial ratio criterion.

The formation of a quasi-conical beam is also
demonstrated using a bifilar BHA operating in the first
mode, without a ground plane. To reduce the antenna
height, we adopt a means of terminating the arm ends
with a proper resistor. The first-mode BHA has an
advantage that the circumference of the helix is small
compared with that of the second-mode BHA.

Frequency characteristics of the first-mode bifilar
BHA are yet to be researched.
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Fig. 16 Radiation pattern of a first-mode bifilar BHA.
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