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[. Introduction

Remarkable progress in wireless and mobile communication technologies in recent years has
prompted the research and development of antennas for these applications. Spiral antennas have a
wide bandwidth and radiate circularly polarized waves. These features make them a good candidate
for mobile and satellite communication antennas [1, 2]. Typical spiral antenna radiates circularly
polarized waves in a direction that is normal to the spiral plane [3]. On the other hand, an eccentric
spira antenna radiates circularly polarized waves in a direction that is off-normal to the spiral plane
[4]. These spiral antennas require a vertical feed network with a balun circuit resulting in complicated
design and fabrication processes. While planar spiral antennas have been investigated [5-7], antenna
designs for making both conventional and eccentric spiral antenna characteristics have yet to be
reported. This paper presents a two-arm microstrip spiral antenna with a circular aperture on the
ground plane that exhibits the characteristics of both the conventional and eccentric spiral antennas.

[I. Antennadesign and characteristics
Figure 1 shows the proposed spiral antenna. A circular aperture with radius r,is located on the

ground plane, with two spiral arms on the other side of the substrate. An electromagnetic wave
absorber supports the antenna in order to attain a unidirectional beam. Two spiral arms are of
Archimedean spira type and represented as:
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r(¢) is the radia distance from the origin to the arbitrary point on the centerline of the spiral, ¢ the
winding angle, and d the radial distance between initial point and ending points after one turn. r, is the
radial distance from the origin to the initial point of the spira line, with w; and w the line widths
designed as 50 Q and 100 Q, respectively. r(¢) is the symmetric structure of r.(@) relative to the
origin. A 50 Q feed lineis divided into two 100 Q lines that feed the spira antenna from the outer end
of the spiral arms (see Figure 1). The line length difference between two 100 Q lines is represented as
AJ2, where J, is the guided wavelength at frequency f, to achieve a 180° phase difference at the two
outer end of the spiral arms. The circumference of a circular aperture on the ground plane is
approximately 1.5 A, atf,.

The antenna was fabricated on a 0.7874 mm thick RT/Duroid substrate with £=2.2, backed by
an electromagnetic wave absorber with 19 mm thick AN-74 by EMERSON & CUMING. The design
parameters of this antenna are: r,=23 mm r,=0.5 mm, w;=2.4 mm, w=0.7 mm, d=5.6 mm, ¢=0°, and



@=1265°. The frequency f, was set at 3.0 GHz. The polarization sense of the spiral is the same as that
of the spiral winding direction from outer to inner arm, as seen from the circular aperture. Right-hand
circularly polarized (RHCP) waves radiate to the upper half plane for this antenna structure.

Figure 2 shows the computed main beam direction of the antenna as a function of frequency.
Both 0 and ¢ angles are maintained as approximately 0° from 2.5 GHz to 3.3 GHz. They move
linearly in © and @ directions with increasing frequency. As such, the main beam direction of the
antenna is normal to the spira plane at a frequency of around f, and off-normal to the spiral plane at a
higher frequency. This is due to the phase progression of the traveling current wave appearing
asymmetrically in the vicinity of two spiral arms as the frequency increases. Therefore, this structure
has the radiation characteristics of both conventional and eccentric spiral antennas.

Figure 3 shows the return loss and axial ratio in the direction of the main beam. The return loss
is better than —10 dB for frequency higher than 2.5 GHz. Consistency was observed between the
computed return loss obtained using IE3D and measured return loss. The frequency bandwidth for 3
dB axial ratio and VSWR<2 is evauated as 2.5 GHz~9.4 GHz, which is approximately 1.9 octave
bandwidth. The computed gain in the main beam direction has values of over 2.8 dBi in this frequency
range, with the maximum gain of 4.98 dBi obtained a 5.2 GHz. Figure 4 shows the measured
radiation patterns at three different frequencies, with an axial ratio lower than 3 dB satisfied for al
measured radiation patterns.

[11. Conclusions

This paper presented a two-arm microstrip spiral antenna with a circular aperture on the ground
plane. The proposed antenna has the characteristics of both the conventional and eccentric spira
antennas. The main beam direction is normal to the spiral plane for frequency range of 2.5 GHz~3.3
GHz, with the direction of the main beam moving linearly in 6 and @directions with increasing
frequency. Therefore, either an axial beam or a tilted beam is produced, depending on the operating
frequency.

References

[1] M. W. Nurnberger, T. Ozdemir, and J. L. Volakis, " A planar slot spiral for multi-function
communications apertures,” |IEEE AP-S Int. Symp. Digest, vol. 2, Atlanta, Georgia, pp. 774-777,
June 1998.

[2] J. J H.Wang, J. K. Tillery and M. A. Acree, "Multioctave wideband mode-O operation of spiral-
mode microstrip antennas," |EEE AP-S Int. Symp. Digest, Montreal, Canada, pp. 1860-1863, July
1997.

[3] J. A. Kaiser, “The Archimedean two-wire spiral antenna,” IRE Trans. Antennas Propagat., vol. 8,
pp. 312-323, May 1960.

[4] R. T. Gloutak and N. G. Alexopolous, “Two-arm eccentric spiral antenna,” |EEE Trans. Antennas
Propagat., vol. AP-35, no. 4, pp. 723-730, Apr. 1997.

[5] H. Nakano, G. Hirokawa, J. Yamauchi, and K. Hirose, “Spiral antenna with coplanar strip line
feed,” Electron. Lett., vol.28, no. 23, pp. 2130-2131, Nov. 1992.

[6] K. Hirose and H. Nakano, “An eccentric spiral antenna printed on a dielectric substrate,” 1EEE
AP-SInt. Symp. Digest, Newport Beach, California, USA, pp. 1860-1863, July 1995.

[7] E. Gschwendtner and W. Wiesbeck, “Frequency-independent antenna concepts for use in
vehicles,” MTT International Crimean Conf. pp. 39-42, Sept. 2000.



—

phase difference

Ay
2

Conductor

Circular aperture

Ground plane
Foam

EM absorber

Figure 1. Proposed antenna structure.
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Figure 2. Computed main beam direction.
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Figure 3. Axid ratio and return loss.
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Figure 4. Measured radiation patterns. (a) 3.2 GHz; (b) 4.2 GHz; (b) 5.2 GHz.
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