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Abstract. This paper describes a design of the Self-
Complementary Spiral Antenna (SCSA) which consists of a
spiral antenna and wideband impedance transformer. The
spiral antenna and the transformer are designed sepa-
rately due to computing demands. New knowledge about
current distribution on the spiral antenna and influence of
higher numbers of wavelength in circumference is pre-
sented. The novel transition between feeding and radiating
antenna structure are optimized in the frequency range 1.2
to 40 GHz. The meaning of the transition in the paper
includes the impedance as well as the geometry transform-
ing of the structure. The antenna is suitable for wideband
illuminating of a parabolic reflector due to relatively con-
stant phase center and radiation pattern with frequency.
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1. Introduction

The spiral antenna is a self-complementary structure
[1] that has the input impedance close to theoretical value
of 60 however practical realizations [2] usually achieve
less values of impedance. The antenna needs an impedance
transformer for transforming nonsymmetrical 50 Q to the
symmetrically fed antenna impedance about 150 Q.

2. Antenna Geometry and Properties

The whole antenna is placed inside a conductive
cover, see Fig. 1, which is filled with a polyamide carbon
absorber in order to attenuate the cross polarization com-
ponent. Right-hand circular polarization is absorbed in the
cover, whereas the left-hand circular polarization is trans-
mitted in the opposite direction. The feeding of the antenna
is connected to 2.92 mm coaxial connector and then it is
converted through glass seal to microstrip line by axial
transition. The spiral antenna is fed using the impedance

transformer, which also fulfils a function of the geometry
transition between nonsymmetrical and symmetrical lines.

axial transition from coaxial
to microstrip line

impedance transformer
from 50 to 145 ohms

filled with polyamid-
carbon absorber

plane self-complementary
spiral antenna

Fig. 1. Self-Complementary Spiral Antenna (SCSA)

2.1 The spiral antenna

The radiating part of the antenna is comprised of
a spiral antenna. The spiral consists of two identical arms
which are shifted by 180° with respect to each other. The
shape of the spiral arm may be seen as a filling of two
identical curves shifted by 90°. The whole spiral antenna is
taken together from single curve rotated in four steps of
90°. The curve is described by the function [3]

r=r, Pt , 1))
where ry is the starting distance at p=0°, a determines the
increasing rate of radius r, @ is the variable angle and ¢
determines rotation of the curve. The outer curve is set up
for p=0° and inner for p=90°, see Fig. 2.

It is possible to consider the spiral as a combination
of a current radiator with the current flow along its strip-
lines and a slot radiator with the electric field between its
striplines [6]. The spiral antenna has a circular left-hand
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polarization in one direction and right-hand in the opposite
one. The impedance of the antenna is about 150 Q feeding
symmetrically. The gain is between 4 to 6 dBi.

Fig. 2. The geometry of the plane self-complementary spiral an-
tenna with detail of feeding.

2.2 Wideband Impedance Transformer

The impedance transformer is based on quarter-wave
length impedance transformer theory. The two different
impedances are connected with the quarter-wave length
line with impedance, which is equal to the geometrical
center of these impedances. The whole wideband transition
is designed from small sections that keep the principle of
the geometrical center of the impedances at boundaries
given by

z=42,7,, (2)
where Z; , are the impedances at boundaries.

The impedance distribution follows with an exponen-
tial distribution of impedance and it engages with uni-
formly distributed section reflection coefficients [4].

The wideband impedance transformer, see Fig. 3, is
designed as a planar structure from composed planar trans-
mission lines [5]. It transforms a nonsymmetrical 50 Q to a
symmetrical 65 Q and to a symmetrical 145 Q. The profile
of the transformer, see Fig. 3, was optimized in order to
reach maximal bandwidth, minimal losses and dimensions.
The length of the transformer is 51.1 mm using substrate

Rodgers RO4003 of permittivity 3.38 and height
0.508 mm.
microstrip parallel-plate asymmetrically tapered
line line striplines
00 00 650 145 Q
95 | 126 ‘ 38.5

60.6 mm

Fig. 3. The geometry of the planar impedance transformer from
50 Q of microstrip line to 145 Q of asymmetrically ta-
pered striplines.

3. Modeling

The spiral antenna and the transformer were designed
separately due to computing demands. They were modeled
using IE3D from Zeland Software, Inc. [7], which simu-
lates 2.5D (3D) structures using moment method in fre-
quency domain very well.

Unfortunately it was not possible to include some dis-
continuities in the transition between the transformer and
the spiral antenna in the modeling.

It should be mentioned, that there wasn’t found out
any influence of the cover on the input impedance of the
antenna by modeling.

3.1 Spiral Antenna Structure

The profile of the spiral antenna was created in Mat-
lab [8], afterwards imported to IE3D and meshed, see
Fig. 4.

Fig. 4. Designed structure showed in simulation software IE3D
from Zeland.

Now let us define “equivalent value of impedance” as an
optimal impedance matching over the whole frequency
band.

Fig. 5. Searching of the “equivalent value of impedance" of the
spiral antenna above.

The equivalent value of the impedance can be found by an
iteration method using the method of minimal square and
renormalization of the reflection coefficient. The equiva-
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lent value 145 Q of this particular spiral antenna was
achieved by modeling, see Fig.5.

Some parametric analyses of the spiral antenna are
depicted in Fig. 6 to Fig. 9, the parameters a and ¢ (as
phi0) are explained in chap. 2.1:
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Fig. 6. “Equivalent value of impedance” versus a (rate of rise of
radius of the spiral in eqn. 1).
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Fig. 7. Error function of the frequency independence of imped-

ance versus angle ¢ (thickness of the spiral in eqn. 1).
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Fig. 9. AR as a function of frequency.

In addition, the equivalent value and error function of fre-
quency independence of input impedance are slightly de-
pending on parameter a, as well the gain and axial ratio on
parameter ¢.

From a point of view of power budget, nearly all en-
ergy is radiated by first resonance in circumference that is
equal to one wavelength, see Fig. 10. Rippling character of
gain is caused then by summarizing of higher numbers of
wavelength in circumference. These also depreciate stabil-
ity of the antenna phase center, thus the position of phase
center continuously oscillates along the axis of spiral.

Monitor
Max i mum-3c
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Fig. 10. Current distribution on the spiral antenna at frequency
5 GHz, modeled using CST Microwave Studio.

3.2 Impedance Transformer

Firstly let us show some differences in variety of im-
pedance distributions.

Effective permittivity of the transformer is obtained
from comparison of IE3D model and analytical results of
reflection coefficient. Effective permittivity is about 3.72.
The example of analyzed structure consists of 8 sections of
transmission lines.
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Fig. 11. Comparison of exponential, binomial and Chebyshev
impedance distribution for 8 sections of transmission
lines.

The exponential distribution of impedance represents the
simplest way to design a minimal length of the transformer,
see Fig. 11 and Fig. 12.
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Fig. 12. Comparison of the reflection coefficient for exponential,

binomial and Chebyshev impedance distribution for 8
sections of transmission lines.

The impedance of all planar transmission lines was full-
wave modeled using IE3D and post-analyzed using renor-
malization of scattering parameters.
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Fig. 13. Impedance matching and insertion loss of the impedance
transformer

The parameters of the new transition structure are obtained
only by modeling. Due to their normalization to the input
and output characteristic impedance of 50 Q, parameters
should be renormalized to the input characteristic imped-
ances of 50 Q and output of 145 Q. The resulting parame-
ters of the transition are shown in Fig. 13.

3.3 SCSA Scattering Parameter Results

Due to the influence of impedance matching of the
spiral antenna, the resulting parameters of the antenna
should be taken as a matrix cascade of scattering parame-
ters. Firstly the scattering parameters of the impedance
transformer are renormalized to the input and output char-
acteristic impedance of 50 Q. The studied parameters of
the spiral antenna are impedance matching and gain. These
parameters could be considered as scattering parameters
with the input characteristic impedance of 145 Q and out-
put of 376 Q. The antenna scattering matrix is renormal-
ized to the input and output characteristic impedance of
50 Q. Next step is to convert both scattering matrixes to
transmission T matrixes and to multiply them. Finally the
resulting transmission matrix is converted back to scatter-
ing matrix and it is renormalized to the input characteristic
impedance of 50 Q and output of 376 Q. The final results
of impedance matching and gain of the antenna with the
new transition are shown in Fig. 14 and Fig. 15.

Matrix formula for renormalizing of scattering pa-
rameters consists of two parts:

N=(S-I)E-TIS)" 3)

zZ Z, Z +7
Slnm:Nnm m~0m n On s (4)
’ ’ ZnZOn Zm+ZOm

where S is original matrix of scattering parameters and S’
is renormalized matrix, I' is matrix of reflection coeffi-
cients on diagonal between normalizing and characteristic
port impedance and E is identity matrix. This formula was
taken from documentation of Qucs program [9] and cor-
rected by the author.

4. Measurement

Impedance matching was measured on vector ana-
lyzer E8364A from Agilent Technologies, see Fig. 14.
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Fig. 14. Impedance matching of the Self-Complementary Spiral
Antenna with impedance transformer

Radiating parameters of the antenna was measured up to
40 GHz in the anechoic chamber. The measured gain in
comparison with modeling is in Fig. 15.
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Fig. 15. Gain of the Self-Complementary Spiral Antenna with im-
pedance transformer.

Relatively constant radiation pattern with frequency can be
seen in Fig. 16. The components of the antenna are in
Fig. 17.

5. Conclusions

The spiral antenna and the impedance and geometry
transition were modeled using IE3D from Zeland Software,
Inc. with manually made mesh structure due to computing
demands. The antenna was designed as a planar structure.
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The profile of the transformer was optimized in order
to reach maximal bandwidth, minimal losses and dimen-
sions. The impedance distribution of the transformer was
improved with respect to the transmission design method.
The transmission design method is the simplest way to
design a minimal length of the transformer.

2GHz H-plane

10GHz H-plane
V-piane V-plane

a) b)

©)

Fig. 16. Measured normalized radiation pattern in [dB] at fre-
quencies a) 2 GHz, b) 10 GHz, ¢) 30 GHz.

The modeled results were confirmed by measurements. At
larger structure of the spiral antenna with coaxial feeding
the agreement between modeling and measurement of the
input impedance was verified.

Fig. 17. Components of the SCSA antenna.
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