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Design of a Windmill-Shaped Loop Antenna for Polarization Diversity
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Abstract

A windmill-shaped loop antenna is designed for polarization diversity. Its circumference is almost 10 times that of
a conventional small loop antenna whose circumference is less than A/10 but its the radiation pattern is omni-directional.
An identical parasitic element is placed over the radiator to match the antenna input impedance. An equivalent trans-
mission line and RLC circuit models are shown to fully describe for the windmill-shaped loop antenna. The proposed
antenna has a bandwidth of 6 % with input VSWR less than 2:1 and a polarization purity of 15 dB at 2.6 GHz, and
the gain of 1.5 dBi. The simulated and measured results show fairly good agreement.
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Table 1. Design parameters(2.6 GHz).
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{(a) The upper strip line of the substrate
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(b) The bottom strip line of the substrate
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Fig. 1. Geometry of the strip lines.
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{a) The strip line of the lower loop antenna(Solid-line:
Top strip line, Dotted-line: Bottom strip line)
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(v) Equivalent transmission line model of the lower loop
antenna
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Fig. 2. The lower loop antenna.
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Fig. 3. The upper parasitic loop antenna(Solid-line: Top
strip line, Dotted-line: Bottom strip line).
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(a) Without the upper parasitic loop antenna
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(b) With the upper parasitic loop antenna
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Fig. 4. Equivalent RLC circuit model.
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Table 2. Substrate.
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Fig. 5. The whole geometry of the windmill-shaped
loop antenna.
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Table 3. Input impedance versus the s without the
upper parasitic loop antenna(2.6 GHz).

Input impedance
[ohm] Ry X
s [mm]
2.0 5 38
25 12 50
3.0 29 67
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Table 4. Input impedance versus the s & d with the
upper parasitic loop antenna(2.6 GHz).

Input| d=5 [mm] | d=6 [mm] | d=7 [mm]
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ohm}| Ry | Xom | Rivm | Xowm | Rivm | Xiwm

s [mm]
20 450 | 24.8 | 38.0 | 34.6 | 32.6 | 38.0
2.5 40.6 |—44 | 468 | 3.6 480135
3.0 202 |—9.4 263 -84 | 325 |60
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Fig. 6. The fabricated windmill-shpaed loop antenna.
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Fig. 8. The simulated and measured radiation patterns(co-pol: E ,, x-pok: E ,).
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