Investigations on Indium Tin Oxide Based
Optically Transparent Terahertz E-shaped
Patch Antenna

S. Anand*, Mayur Sudesh Darak, and D. Sriram Kumar

Abstract. An optically transparent microstrip patch antenna is designed and its
radiation characteristics are analyzed in 706 - 794 GHz band. Terahertz communi-
cation systems offer advantages such as broad bandwidth, low transmit power, se-
cured wireless communication and compactness. It has applications in various
fields like hidden object detection, imaging and sensing. In the proposed antenna,
transparent conducting indium tin oxide thin film is used as a radiating patch and a
ground plane material. The entire antenna structure is optically transparent in the
visible spectrum region. The proposed antenna is simulated using Ansoft — HESS,
a finite element method (FEM) based electromagnetic solver.

Keywords: Transparent antenna, Terahertz, Transparent conducting materials,
Patch antenna, Indium tin oxide, Terahertz antenna.

1 Introduction

Nanotechnology enables the system miniaturization and component development
for future wireless communication systems [1-3]. Thin film deposition and nano
lithography techniques made fabrication of MEMS and NEMS devices feasible
[4, 5]. Today, advanced wireless sensors, actuators, tunable RF devices, etc. are
realized at the nano scale, which has not only reduced the system size but has in-
creased the overall efficiency and accuracy of the system [6, 7]. Future wireless
communication systems require higher data rate transmission capability and low
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transmission power with reduced size [8]. The aforementioned requirements are
met by usage of communication systems in terahertz spectrum, which offers se-
cured communication with free spectrum availability [9]. Antennas for terahertz
communication systems are being developed and studied for their application to
various fields viz. astronomy, spectroscopy, imaging and sensing. Its military ap-
plications include screening of explosives and bio-hazards, detecting concealed
objects and water contents [10, 11]. In the terahertz spectrum, the microstrip patch
antenna is best suited due to its advantages such as low profile, light weight, low
power requirement and conformity to planar and non-planar surfaces [12]. But
transparent microstrip patch antenna has got some limitations like impedance
bandwidth (< 5%), gain (< 2dB) and poor radiation efficiency [13].

The transparent conducting thin films are optically transparent and electrically
conductive layers. They are widely used for the development of liquid crystal dis-
plays (LCD) [14], photovoltaic cells [15], light emitting diodes [16], optical dis-
plays [17] and transparent antennas [18]. Generally used transparent conducting
materials for photo conductive devices are indium tin oxide (ITO), silver coated
polyester film (AgHT), titanium-doped indium Oxide (TIO), gallium zinc oxide
(GZO) and antimony tin oxide (ATO) [19, 20]. The challenge encountered in de-
signing the transparent patch antenna is to optimize the electrical conductivity of
the transparent conductive thin film while retaining its optical transmittance [21].

The work presented in this paper discusses design of an ITO based optically
transparent microstrip patch antenna on a 20 pm thin substrate of polyimide in
terahertz band (706 — 794 GHz). Following sections, present the optically
transparent microstrip patch antenna design. Its impedance bandwidth, gain, direc-
tivity and radiation efficiency are analyzed in the desired band using the simulated
results.

2 Transparent Patch Antenna

Microstrip antenna consists of a radiating patch, substrate and a ground plane. As
shown in Fig. 1. The E-shaped patch of transparent conducting TIO is placed on a
20 um thick substrate of transparent polyimide. Polyimide has a relative permittiv-
ity of 3.5. Transparent TIO ground plane is on the other side of the substrate.
Thickness of the patch is selected such that it is 0.001 times the free space wave-
length [22]. By tuning the arms of the E-shaped patch, antenna is made to reso-
nate at 750 GHz. A microstrip line is used for impedance transition from coaxial
cable to the patch of the antenna. This enables microstrip line to feed the power
from coaxial cable to antenna patch with minimum mismatch loss. Antenna per-
formance such as its bandwidth, radiation efficiency improves for substrates with
lower dielectric constants and increasing thickness [23]. But this results in in-
creased size of the antenna. Hence there is a tradeoff between performance para-
meters of antenna such as bandwidth, radiation efficiency and compactness of the
antenna. The effect of fringing of electric field lines occurs at the edges of the
patch as well as at the boundaries of microstrip line [24]. The majority of antenna
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radiation is from fields fringed at the edges of the patch. Most of the field lines
near the boundaries of microstrip line are confined in the substrate. However, parts
of lines reside in air. Thus, the effective dielectric constant to account for the
combined effect of air and substrate media must be calculated [25]. The dimen-
sions of the antenna structure are given in Table 1.
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Fig. 1 ITO based optically transparent antenna
Table 1 Design parameters and dimensions of the optically transparent antenna
Parameters Dimensions
E-shaped patch length (L x L) 88.98 um x 83.9 um
E-shaped patch width (W x W x W») 1332 pm x 41.75 pm x 17. 9 pm
Patch thickness (t) 0.4 pm
Spacing (d) 5.08 um
Substrate length and width (L x W) 208.98 pm x 433.2 um
Substrate thickness (h) 20 um

Microstrip line length and width (L3 x W3) 143.9 pm x 13.9 pm

3 Results and Discussion

The proposed transparent antenna structure is simulated using electromagnetic
solver, Ansoft — HFSS. The return loss (S;;) and radiation characteristics are
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investigated in 706 — 794 GHz band. As shown in Fig. 2, at resonance frequency
of 750 GHz, the return loss of -40.19dB is observed. An impedance bandwidth
of 11.73% is achieved with respect to centre frequency / resonance frequency in
706 — 794 GHz.

From Fig. 3, the radiation efficiency of more than 40% is achieved in desired
band. At resonance frequency, it is observed that the radiation efficiency is
achieved to be 40.96 %. The peak radiation efficiency of 42.2% is observed at 794
GHz. The radiation efficiency increases steeply after resonance frequency.
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Fig. 4 E-plane (solid line) and H-plane (dashed line) far field radiation patterns at (a) 710
GHz, (b) 730 GHz, (¢) 750 GHz and (d) 780 GHz.

The far field E and H plane radiation patterns for the designed antenna are
shown in Fig. 4 (a) to (d). The antenna has minimum back lobe radiation of -
13.38dB at 730 GHz.The plot of antenna gain versus frequency in the desired
band is shown in Fig. 5. Peak gain of 4.16 dB is observed at 711 GHz. Over the
entire band of interest, the gain greater than 2.8 dB is obtained.
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4 Conclusion

Using ITO transparent conducting thin film an optically transparent terahertz
patch antenna is proposed. It has achieved a gain of greater than 2.8dB and imped-
ance bandwidth of 11.73% in 706 — 794 GHz band. A peak gain of 4.16dB is
achieved at 711GHz. The gain and bandwidth obtained are relatively good for a
patch antenna. The highest radiation efficiency obtained is 42.20% at 794 GHz,
which is less as compared to non-transparent conventional patch antennas.
Although, it has a limitation in terms of radiation efficiency, the entire structure,
being optically transparent can find applications in diverse fields like military,
astronomy, imaging and sensing. Its unique applications include solar cell antenna
for satellite to satellite communications and screening of concealed objects in
advanced recognition systems.
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