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1. Introduction

A fractal model for a planar antenna has been studied as an effective antenna for
achieving multi-band performance [1]-[5]. Unfortunately, it is difficult to achieve multi-band
performance by using a simple configuration [2]. The Sierpinski gasket microstrip antenna
(SG-MSA) can be used for a multi-band antenna with a simpler configuration [5]. Multi-band
performances with excellent radiation properties have been achieved by using this type of
antenna. However, it is difficult to achieve multi-band performance over three frequencies.

In this paper, a basic design technique for a multi-band modified equilateral triangle
microstrip antenna with folded slots (MT-MSA) is presented. This antenna is also fed by an
L-probe, as shown in Fig.1. The MT-MSA can achieve excellent multi-band performance over
three frequencies without using a complex configuration. In order to verify the performance of
this antenna, some test samples were constructed and tested in S- and X-bands. Results of
experiments showed that satisfactory performance was achieved in both return-loss and
radiation pattern characteristics for the MT-MSA tested here.

2. Basic Configuration of the MT-MSA

The basic configuration of the proposed MT-MSA is depicted in Fig.1. The configuration of
the proposed antenna is an equilateral triangle geometry with folded slots. The antenna
consists of a two-layer Teflon-fiber glass substrate of 1.2 mm in thickness having relative
permittivity (¢;) of 2.6 and loss tangent (tand) of 0.0018. The active patch, which is designed to
operate at 5 GHz, is located at the upper layer, while the L-probe, which is a feeding probe, is
located at the lower layer. The folded slots were set inside the active patch as shown in Fig.1.

The slot size of the test antenna was selected so as to achieve the desired multi-band
performance. In order to achieve the multi-band performance in the region of 3-10 GHz, four
folded slots were set inside of the MT-MSA as shown in Fig.1. The folded slot width (d1) is set
at 0.4 mm for each element, and the interval between slot elements (d2 and d3) is also set at
0.4 mm. An L-probe of 3.6 mm in length and 1.75 mm in width is used as a feeding system.
The antenna prototype was optimized by using an EM simulator (IE3D) based on MoM [6].
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3. Results and Discussion

Both simulated and measured return-loss characteristics are shown in Fig.2. The results
of measurements agree well with the results of simulation. Four resonant frequencies are
observed at 3.45, 5.88, 6.69 and 8.44 GHz, which are associated with the resonant
frequencies of the 1st mode, 2nd mode, 3rd mode and 4th mode, respectively. The resonant
frequencies can be adjusted by changing the dimensions of folded slots.

Radiation patterns in H- and E-planes of the MT-MSA are shown in Fig.3. The measured
and simulated radiation patterns in the co-polarization show good agreement as can be seen
in Fig.3. A broadside pattern was achieved for all frequencies. Furthermore, directive gains of
6.03 dBi, 5.95 dBi, 1 dBi and 4.85 dBi were confirmed by measurements for the 1st mode,
2nd mode, 3rd mode and 4th mode, respectively.

The current distributions of the proposed antenna for each resonant frequency are shown
in Fig.4. (a), (b), (c), and (d), respectively. These current distributions were obtained by using
an EM simulator. The starting point of each current is at the bottom of the MT-MSA element
as shown in Fig.4. For this reason, the L-probe is set at the bottom region of the test antenna
for exciting the MT-MSA element. The current for the 1st mode is concentrated at the edge of
the test antenna, while the currents for other modes are concentrated both at the edge and
the folded slot, as shown in Fig.4.

4. Conclusion

An MT-MSA element fed by an L-probe is proposed here for achieving excellent
multi-band performance. The radiation properties of the test antenna showed that the
performance of the antenna is sufficient for it to function as a multi-band planar antenna. The
results of measurements agree well with the results of simulation. The proposed antenna is
therefore thought to be an attractive model for a multi-band planar antenna.
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(a) layout and its parameters
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Fig.1. Basic geometry of the test antenna.
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Fig.2. Simulated and measured return-loss characteristics of the proposed antenna.
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Fig.3. Simulated and measured radiation pattern characteristics of the test antenna.
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Fig.4. Generalized current distributions obtained by using a simulator (IE3D) for each
frequency.
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