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Transparent Rectangular Patch Antenna Using
Square Metal Mesh Transparent Electrode
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Abstractt

This paper reports the transparent electrode, which would be applied to transparent displays and smart glasses. Herein, a squared
metal mesh with the most widely used copper wire in microwaves is studied for the alternating thin-film-type transparent and conducting
indium tin oxide(ITO), with a low conductivity(sheet resistance > 5 £/sq.). The electromagnetic performance of a patch antenna with
metal mesh is analyzed. This paper presents the results of the optical(OT, optical transparent) and electrical(sheet resistance) charac-
teristics of a squared metal mesh, which is a basic design. To improve the OT, copper wire(w=0.2 mm) is used in fabricating the squared
metal mesh and the relationship between the OT and the antenna performance(radiation gain, radiation pattern) was analyzed according
to the mesh size(/=1, 2 mm). The measurement results show that the antenna performance and the optical characteristic are in inverse
proportion to each other. In real applications, the optical and electrical characteristics, and the costs of production are to be considered.
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Fig. 1. Transparent electrode using square metal mesh (SMM).
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Table 1. Summary of calculation and measurement results of

optical transparency. (unit: %)
Experimental value
Wavel?;i})l P Theoretical
DUT 445(B) | 535(G) | 570(R) value
Air 100.0 100.0 100.0 -
Acrylic 92.40 91.89 91.75 92.00
1 MM 65.37 63.66 63.31 66.29
1 MM+acrylic 55.59 54.26 54.83 60.99
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Table 2. Conductivity and sheet resistance of electrodes.

Electrode Conductivity(S/m) | Sheet resistance(¢/sq)
Copper”! 5.00E+07 5.65E-04
MLF? 2.15E+06 4.65E+00
MMEF? 1.51E+06 8.29E-02
SMM 1.59E+06 1.87E-03
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Table 3. Dimension of the transparent rectangular patch
antenna.

Dimension | Ws | Le | Wp | Ly | Wa | Ln | Ly | W)
(mm) 50 | 50 | 40 | 345 1 | 10 | 6 | 26
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Table 4. Band width of transparent antenna.

Line gap Band width(S;; > 6 dB)
(mm) Simulation(GHz) Measurement(GHz)
1 2.13~2.2(70 MHz) 2.19~2.32(130 MHz)
2.15~226(110 MHz) | 2.16~2.40(240 MHz)
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Fig. 8. Measured radiation patterns of transparent antennas.
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Table 5. Antenna gain, half power beam width(HPBW),
front/ back ratio(F/B).

Performance /=1 mm [=2 mm
(y-z plane) Mea. Sim. Mea. Sim.
Gain(dB) 4. 8 44 2.6 29
HPBW(°) 85 89 9 93
F/B 12,5 122 75 5.1
122 mm¥ o, FHAO 2 =] mm¥Y wE} v <
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Table 6. Performance comparison of the transparent patch

antennas.
Transparent Transparent | Transmittance Gain
antenna electrode (%) (dBi)
Patch antenna®” MLF 81 —42
Patch antenna®™ | Copper MMF 62 2.6
Patch antenna®™ | Copper SMM 63 2
=2 mm
(this research) Copper SMM 61 2.6
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