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Backfire Radiation from a Monofilar Helix with a 
Small Ground Plane 

Abstract-Numerical analysis of a helical antenna is made in the 
presence of a finite grid ground plane. It is found that the transition from 
forwardfire radiation to backfire radiation occurs as the ground plane 
diameter is reduced to the order of the helix diameter. The investigation 
of a backfire helix with a small ground plane shows that a circularly 
polarized wave is radiated over a frequency range of more than 1 to 1.3. 
An application of the backfire helix to a primary feed for a paraboloidal 
reflector is also described, in which the far-field pattern is evaluated by 
the physical optics approximation. 

I. INTRODUCTION 

MONOFILAR HELICAL antenna with a ground plane A usually operates in the forward endfire mode, or the axial 
mode, when the circumference of the helix is of the order of 
one wavelength [ 11. Experimental surveys of the axial-mode 
helical antenna have fully been done by King and Wong [2], 
who succeed in giving design information. Theoretical surveys 
of this antenna are also found in [3] and [4], in which the 
ground plane situated under a helical wire is assumed to be 
infinite in size, and the image theory is used. There have, 
however, been few numerical analyses taking account of the 
effects of a finite ground plane on the radiation field [5]. 

First, the present paper deals with the effects of size of a 
ground plane on the radiation characteristics. The ground 
plane is made of wire grids, and the current distribution is 
evaluated using the numerical technique, which yields the 
reasonably accurate radiation field. It is theoretically found 
that as the ground plane diameter is decreased, the backward 
radiation becomes dominant. 

Secondly, consideration is given to the radiation character- 
istics of a backfire helical antenna [6], [7] with a small wire- 
grid ground plane. The analysis covers the helices of pitch 
angles of 6" to 18" over a frequency range of 7 to 13 GHz. 
Theoretical data show that the monofilar backfire helix has 
advantages of small cross section and easy generation of a 
circularly polarized wave. 

The advantages of the backfire helix encourage us to use this 
antenna as a primary feed of a paraboloidal reflector [8]. 
Although other types of a backfire helix are used as a feed for a 
reflector [9], [lo], the theoretical study has not been made. 
The last part of this paper deals with the analysis of the 
paraboloidal reflector antenna fed by a monofilar backfire 
helix. The motivation of this study comes from the develop- 
ment of a direct receiving antenna of the broadcasting satellite 

Manuscript received September 1, 1987. 
The authors are with the College of Engineering, Hosei University, 3-7-2, 

IEEE Log Number 8822569. 
Kajino-cho, Koganei, Tokyo 184, Japan. 

X 
Fig. 1. Configuration and coordinate system. 

TV programs (DBS) in Japan. Calculations show the phase 
eenter location of the backfire helix and the far-field pattern. 
The latter is evaluated by the physical optics approximation 
[111. 

II. EFFECTS OF WIRE-GRID GROUND PLANE DIAMETER 

Fig. 1 shows the configuration and coordinate system of a 
helical antenna to be considered here. The ground plane has a 
diameter range of 0.29 X to 0.60 A, where X is the free-space 
wavelength. The number of helical turns n, circumference of 
helical cylinder C, pitch angle a, and wire radius p are fixed to 
be n = 7, C = 1 A, a = 12.5", and p = 0.012 A, 
respectively. The ground plane is made of wire grids. 

Fig. 2 shows the behavior of the current distribution and 
radiation pattern when the size of the ground plane is changed. 
In the numerical analysis we apply a piecewise sinusoidal 
Galerkin method [ I l l ,  [12] to an evaluation of the current 
distribution, by which the radiation fields are calculated. The 
applied voltage is 1 V. 

In Fig. 2(a), where the diameter of the ground plane is d = 
0.60 X, the current distribution has two distinct regions; one is 
a decaying region starting from the input toward the first 
minimum shown by an arrow, and the other is a surface wave 
region after the first minimum. The relative phase velocity p 
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Fig. 2. Effects of wire-grid ground plane diameter on the current distribution and radiation pattern. (a) d = 0.60 A. @) d = 0.35 A. 

(c )  d = 0.29 A. 

(= velocity on the helical wire/velocity of light in free space) 
on the surface wave region approximately satisfies the in- 
phase condition of the forward endfire radiation. It follows 
that the radiation shows its maximum in the +Z-axis 
direction, where the power gain is calculated to be 11.6 dB. 

We should note that the current behavior and the radiation 
characteristics are similar to those of a helical antenna with an 
infinite ground plane [3], [4]. There are no inconsistencies 
with the empirical results that a helical antenna radiating in the 

forward endfire mode requires a ground plane whose diameter 
is more than 0.5 A. 

As the diameter of the ground plane is decreased, the 
backward radiation becomes larger, as shown in Fig. 2@), 
where the diameter is d = 0.35 A. Although the current 
distribution is similar to the previous one shown in Fig. 2(a), 
its amplitude on the surface wave region decreases and the first 
minimum shifts toward the arm end. This leads to the fact that 
the contribution of the decaying region to the radiation, i.e., 
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backward radiation, becomes comparable to that of the surface 
wave region, i.e., the forward radiation. 

After the progress described above, the helical antenna 
operates in the backfire mode. Fig. 2(c) is a typical example of 
the backfire mode, where the diameter of the ground plane is d 
= 0.29 X (the circumference of the ground plane is slightly 
smaller than that of the helical cylinder). The current 
distribution consists only of a decaying current, and its relative 
phase velocity is found to be nearly equal to 1.0, which 
approximately satisfies the in-phase condition of the backfire 
radiation [ 131. 

Further calculation shows that the radiation fields are 
circularly polarized with axial ratios of less than 3 dB both for 
the forward endfire mode (Fig. 2(a)) and the backfire mode 
(Fig. 2(c)). It is noted that the rotational sense of circular 
polarization of the forward endfire mode is the opposite of that 
of the backfire mode because of the antenna geometry and the 
direction of the propagating radiation field. 

111. FREQUENCY CHARACTERISTICS O F  BACKFIRE HELICAL 
ANT EN N A 

It has been found that a monofilar helical antenna operates 
in a backfire mode, when the ground plane is slightly smaller 
than that of the helix proper. The backfire-mode helix has an 
advantage of a small cross section because of a reduced ground 
plane. In this section we concentrate our attention on a 
backfire-mode helix and fully investigate its radiation charac- 
teristics. The parameters are as follows: The circumference of 
helical cylinder is C = 2.5 cm, which is one wavelength at 12 
GHz; the ground plane diameter is d = 7.2 mm; the number 
of helical turns and wire radius are n = 7 and p = 0.3 111111, 
respectively; and the pitch angle a! is taken to be in a range of 
6" to 18". 

Figs. 3(a) and 3(b) show the frequency characteristics of the 
current distribution along the helical wire. Since the current 
form is not significantly affected by the change in the pitch 
angle, only the results for a pitch angle of CY = 14" are 
presented. It is easily found that the current is dominated by a 
traveling wave with gradual attenuation. At lower frequencies 
the standing wave appears because of the insufficient attenua- 
tion of the traveling wave. This means that the attentuation rate 
determines the lower limit of an operating frequency. On the 
other hand, the upper limit of an operating frequency is 
determined by the deviation of the current phase from the in- 
phase condition of the backfire radiation. The deviation of the 
current phase results in the deterioration of the front-to-back 
(F/B) ratio. 

In general, the decaying current observed at intermediate 
frequencies contributes to the backfire radiation. If the 
decaying current which deviates from the in-phase condition 
for the backfire radiation appears and causes the forwardfire 
radiation, then a surface wave is generated as in the case of the 
axial mode helix. This fact is seen at higher frequencies, for 
instance, at 13 GHz, as shown in Fig. 3(b). At lower 
frequencies the surface wave is not appreciably excited, since 
the in-phase condition for the backfire radiation is approxi- 
mately satisfied and the circumference of the helix is not large 
enough to support the surface wave [14]. 

8 . 5  G H z  - 
9.0 G H Z  

10.0 G H z  ----- 

+ 
18,s arm length 4 

feed p o i n t  

11.0 GHz - 
12.0 G H z  - I 13.0 G H z  ---- 

cm 

arm l e n g t h  feed p o i n t  18.5 cm 
(b) 

Fig. 3. Current amplitude as a function of frequency. 
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Fig. 4. Input impedance. 

The input impedance calculated from the value of the 
current at the input is shown in Fig. 4. The input impedance 
shows a wide-band characteristic. Although the frequency 
range with a constant value depends on the pitch angle, the 
input impedance is of the order of 100 ohms with a nearly pure 
resistance. (The input impedance of the helix can be matched 
to the characteristic impedance of a coaxial transmission line 
by changing the distance between the helix proper and the 
ground plane. We confirmed experimentally that a voltage 
standing-wave ratio (VSWR) of less than 1.1 can be realized 
by this technique.) 

Fig. 5 shows the typical radiation patterns for a pitch angle 
of a! = 14". In spite of the configuration of the helix being not 
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Fig. 6 .  Front-to-back ratio. 

symmetrical with respect to the Z-axis, the radiation patterns 
maintain fairly good symmetry. The data concerning the 
radiation field are presented only for q5 = 0" (similar results 
are obtained in other plane cuts). 

The frequency dependence of the F/B ratio as a function of 
the pitch angle is shown in Fig. 6. The FIB ratio is evaluated 
by the average of EO and EQ components of the radiation field. 
It is observed that the helix operates in the backfire mode over 
a wide range of frequencies. Calculation shows that the largest 
F/B ratio is about -20 dB for each pitch angle, and that the 
frequency range of operation in the backfire mode shifts 
toward higher frequencies as the pitch angle is decreased. As 
described earlier, the deterioration of the FIB ratio at higher 
frequencies is caused by the deviation of the current phase 
from the in-phase condition for the backfire radiation, with 
subsequent excitation of the surface wave. 
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In an application of the helix to a primary feed of a 
paraboloidal reflector, it is important to know the - 10 dB 
beamwidth [15] of the helix. Fig. 7 shows the frequency 
dependence of the - 10 dB beamwidth as a function of the 
pitch angle. It is seen that the beamwidth tends to widen as the 
frequency is raised (or the circumference of the helix is 
increased). However, the range of the beamwidth which can 
be controlled by the circumference is limited. It should be 
noted that the beamwidth can also be controlled by the pitch 
angle. The beamwidth is found to widen with an increase in 
pitch angle. For example, at 12 GHz, the - 10 dB beamwidth 
increases from 128" to 170°, as the pitch angle is increased 
from 6" to 18". We can choose a desirable value from Fig. 7, 
once the dimensions of the reflector are specified. 

The calculated results concerning the axial ratio shown in 
Fig. 8 reveal that a circularly polarized wave (CPW) with an 
axial ratio of less than 3 dB is obtained over a wide frequency 
range of more than 1 to 1.3. A lower limit frequency at which 
the helix operates as a CPW radiator tends to be lower as the 
pitch angle is increased. 

Fig. 9 shows the power gain characteristic. For the most 
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part, the gain becomes gradually large as the frequency is 
decreased. This behavior is the same as that observed in a 
bifilar backfire helical antenna [16]. It is also noted that at 
frequencies of more than 10 GHz the gain shows higher values 
for lower pitch angles. The gain is in a range of 4 to 10 dB. 
IV. PARABOLOIDAL REFLECTOR ANTENNA FED BY MONOFILAR 

BACKFIRE HELIX 
Now we employ the monofilar backfire helix as a primary 

feed of a symmetrical front-fed paraboloidal reflector. The 
reflector to be considered here has an aperture diameter of D 
= 75 cm and a focal length of L = 22 cm. The backfire helix 
is suitable for a feed of a front-fed reflector, since the 
configuration of the backfire helix is very small compared with 
a horn antenna and a conventional axial-mode helix with a 
ground plane. In addition, the backfire helix has an advantage 
that the feed line can be placed on the focal axis, resulting in a 
small aperture blockage. 

To use the helix as an efficient feed for the reflector, it is 
imperative that the phase center location be known. The phase 
center is found by plotting the phase change of the radiation 
field against cos 8 [ 171. The distance s from the helix origin to 
the phase center is shown in Fig. 10. Strictly speaking, the 
distance s varies according to the plane cut. Fig. 10 presents 
the average of the two distances obtained in 6 = 0" and 90" 
planes. As the frequency is increased, the distance s moves 
toward the feed point. This is due to the fact that the 
attenuation rate of the current becomes larger with an increase 
in frequency, as shown in Fig. 3. The change in the distance s 
as a function of frequency is small for a helix with a lower 
pitch angle, because the wire of the lower pitch helix is wound 
more tightly. 

Fig. 11 shows the radiation pattern of the paraboloidal 
reflector antenna. A seven-turn backfire helix with a pitch 
angle of a = 18" and a ground plane diameter of 7.2 mm is 
situated at the focal point on the basis of the results of Fig. 10. 
The pattern calculation is done at 12 GHz using the physical 
optics approximation. It is seen that the half-power beamwidth 
is 2.4" and that the first sidelobe level is less than -26 dB. 
The radiation field is circularly polarized with an axial ratio of 
2.0 dB. The power gain is calculated to be 37.2 dB. 
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Fig. 11. Radiation pattern of paraboloidal reflector antenna fed by monofilar 

backfire helix. 

V. CONCLUSION 

The effects of a finite wire-grid ground plane of a monofilar 
helical antenna on the radiation characteristics have systemati- 
cally been investigated by using a numerical method. As the 
diameter of the ground plane is decreased, a decaying current 
distribution with a relative phase velocity of about 1.0 
becomes dominant, contributing to the backward radiation. 

Subsequently, the backfire radiation of a monofilar helical 
antenna has been fully researched. It is found that the half- 
power beamwidth can be controlled by not only the circumfer- 
ence of the helical cylinder but also the pitch angle. Calcula- 
tion also shows that the radiation field is circularly polarized 
over a frequency range of more than 1 to 1.3. 

The last part of this paper has referred to the analysis of a 
paraboloidal reflector antenna fed by a monofilar backfire 
helix. The calculation at 12 GHz, based on the physical optics 
approximation, indicates a power gain of 37.2 dB for an 
aperture diameter of 75 cm. 
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