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Abstract-An Archiedean planar  spiral  antenna is numerically 
analyzed in the  presence of a conducting plane reflector. The analysis 
shows that  the  spiral  antenna  backed  by  the  plane reflector has two 
distinct regions in the  current distribution, which  explain  the  radiation of 
a circularly  polarized  wave for the  outer  circumference C ranging  over 
shout 1.3 X < C < 1.5 A and C > 2.9 X, where A is a  free-space 
wavelength.  Further consideration is given to a  truncated  spiral  antenna 
whose outer  circumference is on the  order of 1.4 A. The  truncated  spiral 
antenna  maintains  a  decaying  current  distribution  and  radiates  a 
circularly  polarized  wave  over  a k1.2 frequency bandwidth. It is also 
demonstrated  that  a  power  gain on the  order of 8.5 dB is realized  over  the 
same  frequency  range. 

A 
I. INTRODUCTION 

SPIRAL ANTENNA  [1]-[4]  is  usually required to 
radiate to one side only, or to have a unidirectional  beam. 

This is accomplished by appropriately backing the spiral 
antenna on one side with an electromagnetic wave absorber, a 
cavity, or a conducting  plane reflector. For use over an 
extremely  wide band, for instance, of 1: 10, the spiral antenna 
is usually  backed by the absorber, where only  half  of the 
power is  radiated [5].  On the other hand, for use over a 
relatively narrow bandwidth, the spiral antenna may  be backed 
by a cavity [6] or a conducting plane reflector. In the former 
spiral backed by the  cavity it is  experimentally  found  that the 
axial ratio of less than 3 dB is  maintained over an octave 
frequency range. In the latter spiral backed by the plane 
reflector, little open literature is available, and the plane 
reflector has been used on the basis of experience only. 

The' motivation  of this research arises from a desire to 
reveal  theoretically  the  radiation characteristics of a spiral 
antenna  with a conducting plane reflector. The antenna 
characteristics which are evaluated from the  numerically 
obtained current distributions, not  the  assumed current distri- 
butions  [1]-[3], are presented with  some  experimental  data. 

II. ANTENNA GEOMETRY 
Fig. 1 illustrates the antenna configuration and coordinate 

system. The antenna arm is characterized by Archimedean 
spiral function r = a4s (axpiral constant, 4,:winding angle). 
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In order to operate the spiral antenna as a quasiself-comple- 
mentary antenna [7], we choose the geometrical parameters in 
such a way that the ratio of  the  equivalent strip width 4 p 
(p:wire radius) to the spacing  width  between the neighboring 
wires is unity. The parameters are as follows: spiral constant a 
= 0.764 mm; wire radius p = 0.3 mm; feed wire length est = 
2 mm; range of  winding angle 4, 2.6 rad 5 I 36.5 rad. 

The spiral antenna is backed by a perfectly  conducting plane 
reflector of infinite extent, and handled by  the  method of 
image in the present analysis. 

The current distribution along the spiral arm is determined 
by using an integral equation [8] with the moment  method  [9]. 
The input impedance, radiation pattern, axial ratio and  power 
gain are calculated on the basis of the obtained current 
distribution. 

III. ANTENNA CHARACTERISTICS AS A FUNCTION OF THE OUTER 
CIRCUMFERENCE 

In this section, we investigate the  antenna characteristics as 
a function of the outer circumference C of the spiral antenna, 
with  the operating frequency fixed at 6 GHz. The analysis is 
made over an outer circumference range  between 1.1 X and 
3.5 X (X = 5 cm). The spiral antenna is placed at a distance of 
d = 1.25 cm ( = X/4) from the plane reflector, and  excited by 
a delta-gap voltage source of 1 V. 

A .  Current Distribution 
Fig. 2 shows the theoretical current distribution ( I  = I, + 

j I i )  and its phase progression. In Fig. 2(a) the antenna arm 
length is 50.8 cm, making  the  outer circumference of the spiral 
antenna 3.5 X long.  As  additional information, the current 
amplitude )I\ of the corresponding isolated spiral antenna of 
the same parameters without the plane reflector is also 
presented at the bottom. The regions with average circumfer- 
ences of one wavelength  and three wavelengths, where the 
first and third radiation bands  [2] appear, are marked  by 

There exists a noticeable difference between the two current 
distributions at the top and the bottom in Fig. 2(a). Owing to 
the mutual  coupling  between the spiral antenna  and its image 
antenna, the current distribution of the spiral antenna backed 
by the plane reflector is divided into two distinct regions. One 
is a decaying  region from the  feed  point to the  point  of  the first 
minimum  indicated by a double arrow. The other is a residual 
current region appearing after the  establishment of the first 
minimum point. In  both regions the current travels with a 

arrows. 
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Fig. 1. Antenna configurati 

phase velocity nearly equal to the velocity of light in free 
space. Further calculations show that the two regions clearly 
exist provided that the circumference of  the spiral antenna  is 
more than 2.9 X. This property resulting from the conducting 
plane reflector, or the coupling  between the real  antenna  and 
its image, is observed in other antennas  such as a  monofilar 
conical-helix  antenna [ 101. 

Figs. 2(b)  and 2(c) show  the current distributions with arm 
lengths of 16.4 cm  and 8.4  cm, corresponding to the outer 
circumferences of about C = 2.0 h and C = 1.4 h, 
respectively. In the case of C = 2.0 X the current distribution 
indicates a standing wave form, losing the  linearity  in the 
phase progression. It should be noted, however, that  the spiral 
antenna  with C = 1.4 X has only  a  smoothly  decaying current, 
which travels with a  velocity  nearly equal to the velocity of 
light, In addition, it is noted  that the decaying in the current of 
the spiral antenna  backed by the plane reflector is  smoother 
than  that  of  the corresponding isolated spiral antenna  without 
the plane reflector. This contributes to better radiation of a 
circularly polarized wave, as will be mentioned in Section III- 
B. 

As long as a decaying current distribution is established, the 
input impedance indicates a  nearly pure resistance of  about 
200 9. This resistance value is close to the impedance of 60 P 
9 of  a  self-complementary antenna. It  is also worth  mentioning 
that  the  input  impedance  is almost the same as that  observed in 
the isolated spiral antenna without the plane reflector. 

B. Axial  Ratio 
Fig. 3 shows the behavior of  the  axial ratio in the + Z axis 

direction as a  function of the outer circumference C. For 
comparison, the axial ratio of the  isolated spiral antenna 
without the plane reflector is also plotted  in  this figure. 

In contrast with  a  monotonic change observed in the isolated 
spiral antenna, the axial ratio of the spiral antenna  backed by 
the  plane reflector varies complicatedly. It is found  that the 
spiral radiates  a circularly polarized  wave  with an axial  ratio of 
less than 3 dB for the outer circumference of more  than 2.9 X. 
It is also  found  that  although the radiated  wave  becomes 
elliptically  polarized  with  a decrease in the outer circumfer- 
ence C, it again  becomes circularly polarized over an outer 

r 
A 

on and coordinate  system. 

Y 

circumference) 

circumference range from 1.3 X to 1.5 X. An axial ratio at C 
= 1.4 X is calculated to  be 2.0 dB, which is better than the 
axial ratio of the corresponding isolated spiral antenna without 
the plane reflector. 

Although it is difficult to explain the mechanism  of the 
axial ratio qualitatively because of the complicated  mutual 
coupling  between the spiral antenna and its image, the change 
in the  axial ratio is closely related to the  behavior of the 
current distribution. Since a  decaying current distribution is 
realized  provided  that  the outer circumference C is  in ranges 
of about 1.3 A < C < 1.5 h and C > 2.9 X as described in 
Section Ill-A, a circularly polarized wave is generated in these 
two ranges of the outer circumference. For other circumfer- 
ences  a retrogressive current, causing the total current 
distribution to be a standing wave form together with a 
progressive current, deteriorates the axial ratio, because the 
rotational sense of a circularly polarized wave  radiated from 
the retrogressive current traveling toward the input of the 
spiral is opposite to that of a circularly polarized  wave  radiated 
from the progressive current traveling toward the arm end. 

C. Radiation Pattern and Power Gain 
Figs. 4(a), 4(b),  and  4(c) illustrate typical radiation patterns 

of the spiral antennas whose outer circumferences are 3.5 X, 
2.0 A, and 1.4 X, respectively, together with  those  of  the 
isolated spiral antennas without the plane reflector. Each of the 
radiation patterns of  the  isolated spiral antennas  is  symmetrical 
with  respect  to  the spiral antenna plane, and hence only  half  of 
the radiation pattern is illustrated. 

In the spiral antenna backed by the plane reflector the E+ 
component  of the radiation field vanishes in the direction of 0 
= t_ go", due to the fact that the spiral antenna  and its image 
have currents of equal magnitude  but of opposite phase. The 
vanishing  of E+ at 0 = f 90°, resulting in a narrower beam, 
and  the unidirectional radiation  lead to an increase in  the 
power gain. 

For the outer circumference of C = 3.5 X the  gain  of  the 
spiral antenna increases to 8.7 dB from a  value  of 6.0 dB for 
the corresponding isolated spiral antenna  without the plane 
reflector. When  the outer circumference C is 1.4 X, the spiral 
antenna over a plane has  a gain of 8.4 dB, while the 
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Fig. 2. Theoretical  current distributions for (a) C = 3.5 X. (b) C = 2.0 X. (c) C = 1.4 X. 
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corresponding isolated spiral antenna has  a  gain  of 3.9 dB. It is 
noted  that  the  gain  of  the spiral antenna  backed by a plane 
reflector remains nearly  constant for outer circumference 
ranges of  about 1.3 X < C < 1.5 X and C > 2.9 X. 

Examination  of the radiation pattern for C = 3.5 X reveals 
that the half-power beamwidth  (HPBW) remarkably changes 
as a  function  of the azimuth angle 9, as shown in Fig. 5. For 
instance, the maximum  HPBW  of the E+ component is 124" at 
4 = O",whilethemhirnumHPBWis46"at~ = 70O.Onthe 
other hand, the HPBW for C = 1.4 X shows little variation 
regardless of the change in the azimuth angle. In the  following 
section  the latter spiral antenna  of C = 1.4 X is further 
investigated for practical applications. 

IV. FREQUENCY CHARACTERI~CS OF A TRUNCATED SPIRAL 
ANTENNA BACKED BY A PLANT REFLECTOR 

It has been  found  that  a  truncated spiral antenna consisting 
of  only  the decaying current region is attractive from the  point 
of view of the pattern symmetry  with  respect to the  antenna 
axis. In  this section, some consideration is given to the 
frequency characteristics of  a  truncated spiral antenna  in 
which the outer circumference C is  7 cm, corresponding to  1.4 
X at 6 GHz. The distance d between the spiral and the plane 
reflector is again fixed to be 1.25 cm. 

Calculations are made over a  range  of frequencies of 5.0 
GHz to  6.5 GHz, where the distance d is  changed from 0.21 X 
to  0.27 X in terms of  the  operating  wavelength. There is 
essentially  no difference in the current distributions, which 
decay  smoothly from the feed  point  toward the arm end,  as in 
Fig. 2(c). It is also found  that  the current at the  input  terminal 
remains  relatively  constant,  and  hence  a  wide-band  characteris- 
tic of  the  input impedance is  obtained as shown in Fig. 6. Over 
the frequency range  of 5.5 GHz to 6.5 GHz, its resistance is on 
the order of 200 D with  a  variation  of  only  about  3 Q ,  while  the 
reactance is on the order of 16 Q with  a similar variation of  3 
n. 

Fig. 7 shows the frequency characteristics of the power 
gain. No significant change in the gain is observed, since the 
radiation pattern remains  nearly  unchanged regardless of the 
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Fig. 6. Input impedance as a function  of  frequency. 

- 15 I I I 

z P I 

c 
theoretical - 
exDerimenta1 o o - 

$ 5  

0 
x 
.- 

n 
5 .0  5.5 6.0 6.5 

frequency f (GHz) 

Fig. 7. Power  gain  and  axial ratio as a function  of  frequency. 

change in frequency. An increase of more than 4.0 dB from 
the  gain of the corresponding isolated spiral antenna  without 
the plane reflector is obtained over a range of frequencies from 
5.0 GHz to 6.5 GHz. 

Fig. 7  also shows the axial ratio characteristics. An axial 
ratio of less than 3 dB is obtained over a range of frequencies 
from 5.35 GHz to 6.30 GHz (1:1.2) owing to the smoothness 
of  the current distribution. 

V. CONCLUSION 
A spiral antenna  backed  by an infinite plane reflector 

radiates  a circularly polarized wave  with  an  axial ratio of less 
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than  3 dB, when the outer circumference C is in ranges of 
about 1.3 X < C < 1.5 hand C > 2.9 X. It is  noted  that the 
half-power beamwidth for C > 2.9 h is dependent  on the 
azimuth angle, whereas the HPBW for 1.3 X < C < 1.5 X is 
almost  independent  of the azimuth angle. 

In  a  truncated spiral antenna  whose outer circumference is 
on the order of 1.4 X, it is revealed  that  a circularly polarized 
wave is radiated over a 1: 1.2 range in frequency, where the 
input  impedance indicates a  nearly pure resistance of about 
200 8. The power gain of the spiral antenna placed at a 
distance of A/4 from the plane reflector is  found to be 
increased by about 4 dB from that of the corresponding 
isolated spiral antenna without the plane reflector. 
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