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Wideband ENG Zeroth-Order Resonant Antenna Having
Mushroom Shape
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Abstract

This Letter presents a wideband ENG(Epsilon Negative) ZOR(Zeroth-Order Resonant) antenna designed on a mi-
crostrip line. It has a mushroom structure and its size is only 7.65x1.31x2.37 mm(or 0.306x0.053x0.095 4 at 12
GHz) owing to zeroth-order resonance. The design procedures with closed form solutions are provided using trans-
mission line theory considering radiation loss. The measured antenna bandwidth is about 20.0 % at 9.2 GHz and
antenna gain is 7.1 dBi despite the compact size.
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Fig. 1. Lossy RLH-TL unit cell equivalent model.
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Fig. 2. Equivalent circuit for open-terminated one-unit-
cell MTM antenna.
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Table 1. Specification of one-unit-cell when open ter-
mination(unit: mm).

h w L D

1 3.1 191 0.03
1.6 485 1.78 022

2 6.24 1.67 0.45
237 1.5 1.54 0.9
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Fig. 3. Fabricated one-unit-cell when open termination.
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Fig. 4. Admittance of unit cell when open termination.
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Fig. 5. Fabricated one-unit-cell ZOR ENG antenna.
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Table 2. Length of the gap for a coupling capacitor

(unit: mm).
h 1 1.6 2 2.37
g 0.6 0.6 1.15 1.6
ka2 ka2
D e .
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Fig. 6. Equivalent circuit for ENG ZOR antenna.
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Table 3. Gy, C,, L, C with a height A.

hmm) | Go(m) | CipF) | LoH) | CpF)

1 0.0006 0.047 2316 92.6
1.6 0.0017 0.082 2344 93.8
2 0.0034 0.125 236.2 94.5

237 0.0065 0.190 237.6 95.0
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Table 4. Bandwidth as a function of height(fractional

bandwidth).
BW(Fractional BW)
h(mm) —
Circuit EM

1 210 MHz(1.9 %) 210 MHz(2.0 %)
1.6 550 MHz(5.5 %) 540 MHz(5.8 %)

2 1,200 MHz(12 %) 473 MHz(5.8 %)
2.37 1,740 MHz(19 %) 650 MHz(7.6 %)
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Table 5. Antenna resonant frequency as a function of

height.
h(mm) /1 (G2
Theory Circuit EM
1 10.6 10.8 103
1.6 9.8 10 9.2
2 9.1 9.5 8.8
237 8.4 9 8.6
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Fig. 8. Fabricated one-unit-cell ENG ZOR antenna.
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Table 6. S ; of circuit/EM simulation and measured.
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Fig. 10. The radiation patterns of fabricated antenna.
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