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Ultra-wide band (UWB) antennas with transparent indium zinc tin oxide (IZTO)/Ag/IZTO multilayer electrode films are
presented. The geometry of the radiator of the proposed UWB antenna is a simple semicircular shape, and acryl is used for the
transparent substrate. Three types of proposed antennas are used for the comparison: first, an UWB antenna with a copper sheet
only (CUWB); second, a transparent UWB antenna with a transparent radiator only (TRUWB); and, third, an entirely transparent
UWB antenna (TUWB). The IZTO/Ag/IZTO multilayer electrode is fabricated by a physical vapor deposition process in the
highly maintained vacuum. The transmittance of the multilayer film at 550 nm wavelength is over 80%, and the conductivity is
3,960,000 S/m. The proposed CUWB, TRUWB, and TUWB have peak gains of 4.17, 3.14, and 0.74 dBi and radiation efficiency

levels of 84.8, 64.5, and 42.1% at the center frequency of UWB service (6.5 GHz), respectively.

1. Introduction

Transparent conducting oxide (TCO) is a material that is
transparent and conductive [1-9]. TCO is a widely used
material for products in the display industry [1], such as
smartphone touch screen panels and organic light emitting
diodes (OLED) [2]. TCO is a material composed of indium,
zing, tin, and oxidized materials [1-11]. Indium tin oxide
(ITO), one of the TCOs, is mainly utilized in the display
industry [3]. However, ITO is brittle because of its crystalline
structure [4]. Thus, ITO needs to be strengthened. There
are several solutions for this problem. One is fabricating
ITO at a higher temperature, since ITO has an amorphous
structure and has tolerance when it is fabricated at 200°C
[5]. The other is depositing a nanoscale thickness ITO layer,
since it has a higher bending radius than that of a thicker
one [6]. However, the thinner ITO films have high sheet
resistance and cannot be used for transparent antennas
[7]. Because of low conductivity in the thinner ITO films,
other ITO representatives, such as fluorine-doped tin oxide

(FTO) and aluminum zinc oxide (AZQ), have been studied
recently [8]. However, FTO and AZO still have relatively
lower conductivity levels for practical applications [8]. For
this reason, we used another representative, a sandwich-
type multilayer electrode film that is composed of three
layers of IZTO/Ag/IZTO. The IZTO/Ag/IZTO multilayer
electrode film has an oxide/metal/oxide structure and enough
conductivity to be used for passive devices, such as antennas
[9-11].

In this paper, the performance levels of the transparent
UWRB (ultra-wide band) antennas are measured to check the
feasibility of the transparent antennas using IZTO/Ag/IZTO
multilayer electrode film. For the comparison of the transpar-
ent antennas in the UWB range, the simplest UWB antenna
design is used [12]. We simulated, fabricated, and measured
transparent UWB antennas using optimized multilayer elec-
trode film with IZTO/Ag/IZTO, which is fabricated by the
physical vapor deposition (PVD) process. Three types of
antennas are designed: first, an UWB antenna using a copper
sheet (CUWB); second, a transparent radiator only UWB
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FIGURE 1: Design and dimension of the UWB antenna. (a) Front view. (b) Back view. (c) Structure of IZTO/Ag/IZTO multilayer electrode

film and substrate.

antenna using an IZTO/Ag/IZTO radiator with a copper
microstripline and ground plane (TRUWB); and, third,
an entirely transparent UWB antenna (TUWB). CUWB is
fabricated to compare the performances with the proposed
transparent UWB antennas. TRUWB is designed for the
case of mobile devices using a copper ground plane and
microstripline with only a transparent radiator. TUWB is fab-
ricated for entirely transparent devices that are available for
wireless communication. The fabricated transparent antenna
has higher performance than previous transparent UWB
antenna which has gain of 0 dB [13].

2. Antenna Design and Dimension

The design and dimensions of the UWB antenna are depicted
in Figure 1. The antenna shape is characterized by a semi-
circular radiator on the microstripline. The ground plane
covers half of the back side of the substrate. A transparent
acryl substrate (e, = 2.81 and tangent § = 0.01) is employed
for the proposed transparent UWB antennas. The size of the
substrate is 28 mm x 28 mm x I mm. For the transparent
antennas (TRUWB and TUWB), IZTO/Ag/IZTO multilayer
electrode film is used. The structure of the transparent
IZTO/Ag/IZTO multilayer electrode on the substrate is
depicted in Figure 1(c). As shown in the figure, the thickness
of IZTO is 45 nm and that of silver is 10 nm. The antennas are
fabricated with three types, which are shown in Table 1: first,
the UWB antenna using a copper sheet (CUWB), which has a
thickness of 1 0z; second, the transparent radiator only UWB
antenna (TRUWB) using a transparent semicircular radiator,
which is composed of an IZTO/Ag/IZTO multilayer elec-
trode with a copper sheet ground plane and microstripline;
and, third, an entirely transparent UWB antenna (TUWB).
Fabricated antennas are pictured in Figure 2. As shown in
the figure, CUWB is composed of a copper sheet and is
not transparent at all; however, the TRUWB is partially
transparent, and the TUWRB is entirely transparent.

TaBLE 1: Composition of proposed antennas.

Semicircular radiator Ground plane and microstripline

CUWB Copper sheet Copper sheet
TRUWB  IZTO/Ag/TZTO Copper sheet
TUWB 1ZTO/Ag/IZTO 1ZTO/Ag/1ZTO
TABLE 2: Process conditions.

1ZTO Ag
Power supply RF magnetron DC magnetron
Power 100 W 10W
Initial vacuum 5 %107 Torr 5 %107 Torr
Process vacuum 3.5mTorr 5 mTorr
Oxygen partial pressure 3% —
Thickness 45nm 10 nm

3. Fabrication

The IZTO/Ag/IZTO multilayer electrode is deposited on the
acryl substrate. The thickness of IZTO is 45 nm and that of
Agis10nm. IZTO and Ag are both deposited by the physical
vapor deposition (PVD) process. The order of the fabrication
is shown in Figure 3. Firstly, a mask is made to cover the
nondeposited position. This step is called masking. Before
deposition, a pure vacuum condition is established under
5x 1077 Torr for pure samples. Then, an 1ZTO/Ag/IZTO
multilayer is deposited using the PVD process. Next, the
masking is removed. Likewise, the transparent ground plane
is made using the previous order one more time. IZTO and
Ag are grown by using different conditions of deposition.
Table 2 depicts the process conditions of the IZTO and Ag
layers. IZTO and Agare deposited in the initial vacuum under
5x 107" Torr using an RF magnetron and DC magnetron
power supply, respectively. Then, 100 W of power is used
for the IZTO layer in the vacuum of 3.5 mTorr argon with
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FIGURE 2: Fabricated antennas with copper sheet and transparent conductive films. (a) CUWB. (b) TRUWB. (c) TUWB.
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FIGURE 3: The fabrication process of the transparent UWB antenna. (a) Front. (b) Back.
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FIGURE 4: Transmittance of the transparent conductive film on the acryl substrate.
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FIGURE 5: The reflection coefficient of transparent UWB antennas. (a) CUWB. (b) TRUWB. (c) TUWB.
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F1GURE 6: Continued.
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FIGURE 6: Simulated and measured XZ and YZ planes of antenna radiation patterns. (a) CUWB at 3.1 GHz. (b) CUWB at 6.5 GHz. (c) CUWB
at10.6 GHz. (d) TRUWB at 3.1 GHz. () TRUWB at 6.5 GHz. (f) TRUWB at 10.6 GHz. () TUWB at 3.1 GHz. (h) TUWB at 6.5 GHz. (i) TUWB

at 10.6 GHz.

an oxygen partial pressure of 3%, and 10 W of power is
used for the Ag layer in the vacuum of 5mTorr argon.
For the measurement of thickness, Tencor Alpha-Step 200
profilometer is used.

The transmittance and conductivity of the fabricated
TCF are measured by a UV-visible spectrometer (SCINCO,
§-3100) and a Hall effect measurement system (ECOPIA,
HMS-3000), respectively. The transmittance is depicted in
Figure 4. The transparent antennas on the acryl substrate have
transmittance over 80% at 550 nm wavelength, which is re-
quired for the transparent displays [11]. The overlapped
feeding line’s transparency is IZTO/Ag/IZTO x 2. The average
transmittance in the visible range of wavelength from 400 nm
to 800 nm is 68.63%. The conductivity of the IZTO/Ag/IZTO
multilayer electrode is 3,960,000 S/m. For the performance
comparison of the transparent conductive film, Haacke sug-
gested figure of merit (FOM) value [14]. Value of figure of
merit (FOM) is determined by transmittance and sheet resis-
tance of material. The proposed IZTO/Ag/IZTO electrode
has highest optical transmittance at the point of 550 nm
wavelength and has sheet resistance of 2.52Q)/sq. FOM is
0.3205 which is more conductive material than typical ITO
(sheet resistance is 10 Q2/sq and transmittance is 80%) [15].

4. Simulation and Measurement Results

The proposed antennas are simulated by a high frequency
structure simulator (HFSS). The reflection coefficients of
the fabricated antennas are shown in Figure 5. The band
width of the UWB antennas is from 3.1GHz to 10.6 GHz.
Reflection coeflicients of the proposed antennas satisfy the
band width of the UWB antennas under —10 dB. This is in
good agreement with simulated and measured results, except
a light difference that is mainly caused by the fabrication.
The antenna radiation pattern, peak gain, and efficiency
are measured in the antenna anechoic chamber covered
with a radio frequency (RF) absorber. The simulated and
measured radiation patterns in the XZ plane (H-plane) and
YZ plane (E-plane) at several frequency points (3.1, 6.5,

TasLE 3: Efficiency and peak gain of the proposed antennas.

Frequency (GHz) Efficiency (%) Peak gain (dBi)
3.1 6.5 10.6 3.1 6.5 10.6
CUWB 64.9 84.8 81.7 4.12 4.17 4.16
TRUWB 52.2 64.5 78.4 2.69 3.14 2.76
TUWB 33.9 42.1 40.8 0.73 0.74 0.94

and 10.6 GHz) are illustrated in Figure 6. The proposed
antennas are omnidirectional. The radiation patterns of the
CUWB, TRUWB, and TUWB are similar because of the
same dimensions and design. There is good agreement of the
radiation pattern with simulation and measurement results.
The radiation patterns of the proposed antennas follow those
of omnidirectional antennas. Radiation patterns at the 6.5
and 10.6 GHz show harmonics.

The efliciencies and peak gains at several frequencies
are tabulated in Table 3. At 3.1 GHz, the efficiencies of the
proposed antennas of CUWB, TRUWB, and TUWB are 64.9,
52.2, and 33.9% and peak gains are 4.12, 2.69, and 0.73 dBi;
and at 6.5GHz, the efficiencies are 84.8, 64.5, and 42.1%
and peak gains are 4.17, 3.14, and 0.74 dBi, respectively. The
efficiency is higher in the relatively higher frequencies [13].
As expected, CUWB has the highest efficiency and peak gain
at the measured frequencies. Nevertheless, transparent UWB
antennas have efficiencies over 33.9%. These results show
that IZTO/Ag/IZTO multilayer electrodes are applicable for
transparent UWB antennas.

5. Conclusion

We have presented transparent UWB antennas using IZTO/
Ag/IZTO multilayer electrodes that have transparency and con-
ductivity over 80% at 550 nm wavelength and 3,960,000 S/m.
There are two types of transparent antennas for each applica-
tion. An UWB antenna with a transparent radiator (TRUWB)
is designed for transparent devices using a copper ground
plane and microstripline, and an entirely transparent UWB



antenna (TUWB) is designed for entirely transparent devices.
The results show that transparent antennas (TRUWB and
TUWRB) have lower efficiency than UWB antennas with cop-
per sheets (CUWB). However, the proposed antennas have
higher efficiency in the relatively higher frequencies [13], and
TRUWB has higher efficiency than TUWB. In addition, the
proposed transparent antennas satisfy reflection coefficients
under —10dB in the range of UWB. Transparent omnidi-
rectional antennas have higher efficiency than transparent
directional antennas, such as a microstrip patch antenna,
when it is made of transparent conducting oxides (TCOs)
(10, 16]. Studies for transparent devices will contribute to the
development of technology. In the near future, transparent
antennas will be used in the transparent part of devices for
wireless applications.
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