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Abstract Communication flow is changing rapidly. Recently, a range of wearable devices such as wearable glasses
and wearable watch, have been launched. These kinds of wearable devices help people to live a more comfortable
life. Wearable devices most have an antenna for wireless communication. This paper reports a transparent antenna
that is made of an optically transparent material for wearable glasses. Transparent antenna can be applied to smart
windows and will not disturb the view of user. IZTO/Ag/IZTO multilayer electrode has higher electrical and optical
properties. This antenna is available because of its good electrical properties. This study measured the performance
of the proposed transparent antenna, which is made of a multilayer electrode, applied to a lens. The proposed antenna
was simulated with several substrates. The antenna impedance was matched with length and width of the antenna.
The antenna's conductivity and transparency was measured using a HMS-3000 and UV-spectrometer. A 40nm thick
Ag single layer antenna was fabricated on a flexible polyimide substrate for comparing the antenna performances. The
fabricated antenna is useable at a frequency of 2.4-2.5GHz, which is suitable for Wifi communications and has peak
gain of 2.89dBi and an efficiency of 34%.
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Fig. 1. Antenna design and dimension. (a) Proposed
antenna. (b) Fabricated antenna. (c) Antenna
Dimension. (d) Antenna structure.
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Table 1. Standard Antenna Length on Substrate.
Antenna Si1 Resonance
Materials Substrate Length (dB) Frequency
(mm) (GHz)
PEC None 25.5 -16.6 2.45
Acrylic 26.4 -15.4 2.45
C58 22.4 -24.7 2.45
Ag None 26.0 -16.5 2.45
Acrylic 26.5 -15.4 2.46
C58 225 -24.7 2.45
1AI None 252 -9.4 2.45
Acrylic 25.8 -9.0 2.46
C58 20.7 -11.7 2.45

Table 2. Simulated Antenna Length with Materials.

Antenna . Antenna si1 Resonance
Desi Materials Length (dB) Frequency
® (mm) (GHz)
Type A PEC 24.8 -15.7 2.45
Ag 24.8 -15.7 2.45
1A1 234 -13.4 2.45
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Fig. 2. Simulated S11 of proposed antenna made of

Ag and IAL
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Fig. 4. Measurement of the antenna (a) Return loss
measurement of the antenna. (b) Radiation
pattern measurement of the antenna. (c) Side
view of the radiation pattern measurement.
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Fig. 5. Measured S11 of proposed antenna made of
Ag and 1AL

Table 3. Measured result of proposed antenna

Performances Value
Peak gain (dBi) 2.89
Efficiency (%) 34.79
Return loss (dB) -14.20
Resonance frequency (GHz) 247
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Fig. 6. Measured radiation pattern of proposed antenna
made of Ag and IAl (a)XZ plane. (b)YZ
plane. (c) XY plane
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