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INTRODUCTION

Multi-band and wideband monopole antennas due to their merits such as near omni-directional radiation patterns,
simple structure and low cost have attracted a great deal of attention for modern wireless communication systems.
Among these are circular disk and multiple ring monopole antennas. The circular disk monopole antenna with a very
large impedance bandwidth was introduced in [1] and [2]. In [3] the effect of changing the circular to an elliptical disk
was investigated. The microstrip fed monopole disk antenna, which is suitable to connect to printed circuit boards, was
presented in [4]. The multi-band multiple ring monopole antenna was introduced in [5] and [6]. This antenna consists
of a set of self-similar circular rings that are superimposed to form the antenna. Comparison between the multiple ring
monopole antenna characteristics and disk monopole antenna shows that radiation pattern of the multiple ring monopole
antenna at higher frequencies is better than the disk monopole antenna. In [7] this antenna was investigated more and
the effect of the ellipticity ratio on elliptical multiple ring antenna was proposed. It has been shown that the wider
bandwidths can be obtained by decreasing the ellipticity ratio.

In this paper the effect of the changing the height from the ground plane perpendicular to the antenna plane and
changing the position of the ground plane from perpendicular to parallel to the antenna plane, which leads to the
microstrip fed multiple ring monopole antenna, on the multi-band multiple ring monopole antenna are presented. The
results show that at higher frequency bands better matching can be obtained for smaller height from the perpendicular
ground plane and it does not affect on the lower frequency bands. It is also shown that changing the position of the
ground plane from perpendicular to parallel to the antenna plane improves the matching at the first band significantly.
The microstrip fed multiple ring antenna can be integrated with printed circuit boards and used in low-profile
applications.

DIFFERENT HEIGHTS FROM THE GROUND PLANE

In order to investigate the changing of the height from the ground plane a multiple ring monopole antenna was
constructed. The antenna, shown in Fig. 1 has an overall height of 86mm and smaller ring heights of 43mm, 21.5mm,
10.75mm and 5.5mm. The antenna was fabricated using conventional printing techniques on a 0.5mm thick FR4
substrate (relative permittivity of 4.5) and was mounted perpendicularly over a metallic ground plane of 15cmx15¢cm. A
50 Q SMA connector is used to feed the antenna at the centre of the ground plane. The thicknesses of the rings are:
t;=11mm, t,=7mm, t;=5mm, t,=2.5mm. The constructed antenna is also depicted in Fig. 1. The return loss of the
antenna with different heights from the ground of 2mm, Imm and 0.3mm were measured. The measurement results are
shown in Fig. 2. The results show that when the antenna is mounted over the ground with the height of 2mm the third
band is not well matched and the fourth band is narrow. By decreasing the height of the antenna to 0.3mm from the
ground the higher frequency bands matching become better (the third and fourth) and as it depicted the height of
0.3mm, the smallest height, has the best matching performance. In addition, by decreasing the height from the ground a

0-7803-9444-5/06/$20.00 © 2006 IEEE. 88



h,=86mm
h,=43mm
h;=21.5mm

h,=10.75mm
h=5.5mm

h,

L=15 cm
Fig. 1-the multiple ring monopole antenna
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Fig. 2- the measured return loss of the multiple ring monopole antenna with different heights from the
ground plane

frequency shift to lower frequencies occurs for the fourth band. This frequency shift can be observed by comparing the
return loss of the antenna with heights of 2mm and 0.3mm.

MICROSTRIP FED MULTIPLE RING MONOPOLE ANTENNA

The effect of changing the height from the ground plane, which is perpendicular to the antenna structure, was explained
above. In this section changing the position of the ground plane from perpendicular to parallel with the antenna plane is
discussed. By changing the position of the ground to parallel with the antenna plane a microstrip fed multiple ring
monopole antenna can be obtained. Fig. 3 shows the constructed microstrip fed multiple ring monopole antenna. The
heights of the rings and disk are 20mm, 10mm and Smm. And the thicknesses of the rings are 4mm and 2mm. The
antenna is printed on a 1.6mm thick FR4 substrate and fed by a 50Q microstrip line. The ground plane size is
42mmx20mm. The length of the microstrip line is 20mm and the height of the antenna from the ground plane is
1.5mm. Fig. 4 shows the measured return loss of the antenna. The return loss has three frequency bands and their best
matching are at 2.4 GHz, 4.46GHz and 8.5 GHz for the first, second and the third band respectively. As it depicted in
Fig. 4, the first band is well matched and the best matching occurs at 2.4GHz where the S;; is —22.5dB. The good
matching at the first band is one of the advantages of the microstrip fed multiple ring antenna over the monopole with
the perpendicular ground plane.
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Fig. 3- microstrip fed multiple ring monopole antenna a) top view, b) constructed antenna

=10 4

=20 4

Bandl

Return Loss (dB)

=30 -
Band3
Band2
40 T T T T T
0 2 4 6 8 10 12
Frequency (GHz)
Fig. 4-the measured return loss of the microstrip fed multiple ring monopole antenna

In [6] it was shown that when the ground plane is perpendicular to the antenna plane the first band is inherently poor
matched (the best matching of around S;,=-7dB at the first band). In addition, the microstrip fed multiple ring monopole
antenna can be used in low profile applications and connected to the printed circuit boards.

The radiation patterns of the constructed microstrip fed multiple ring antenna were measured in E-plane and H-plane.
Fig. 5 shows the results.
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Fig. 5-the measured radiation patterns of microstrip fed multiple ring monopole antenna a) E-plane,
b) H-plane, solid line is co-polarization and dashed line is cross-polarization

The measurement results show that some nulls occur in the E-plane of radiation pattern at the third band but H-plane
patterns are smooth for all three bands.

CONCLUSION

In this paper the effect of the changing the height of the multi-band multiple ring monopole antenna from the ground
plane perpendicular to the antenna plane and changing the position of the ground plane from perpendicular to parallel to
the antenna plane, which leaded to microstrip fed multiple ring antenna design, were investigated. It was shown that by
decreasing the height from the perpendicular ground plane better matching obtained specially in higher frequency
bands. By using microstrip fed multiple ring antenna the matching at the first band was improved significantly. The
microstrip fed multiple ring monopole antenna can be connected to printed circuit boards and used in low-profile
applications.
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