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Abstract— 1In this paper, design of Liquid Crystal based
Intelligent Reflecting Surface (LC-IRS) for SG communications of
40 GHz band is performed experimentally. It is found that not only
the thickness of liquid crystal but also the thickness of sealing
quartz grass substrate affects the reflection coefficient
characteristics. Large phase change of 422 degree at the frequency
of 39.7 GHz is obtained which enables the phase selection for
arbitrary beam scanning direction.

I. INTRODUCTION

In Intelligent Reflecting surface (IRS) technology for 5G
communications, which electrically controls the direction of
reflection, has been attracting attention in recent years. Among
the IRS using diodes and MEMS are being researched as a
typical phase control technology for realizing IRS, the liquid
crystal-based IRS (LC-IRS) is expected for 5G and 6G
communications based on the liquid crystal display technology.
The phase is changed by controlling the dielectric constant of
LCs to actively scan the direction of the reflected beam.

However, there are some challenges in designing a liquid
crystal IRS. First, the dielectric constant distribution of liquid
crystal is not homogeneous. The orientation distribution of the
liquid crystal is determined by the low-frequency bias voltage
applied to the liquid crystal, and inhomogeneous, anisotropic
orientation distribution in the low-frequency band determines
the inhomogeneous dielectric constant distribution of the liquid
crystal in the millimeter wave band. Therefore, the full wave
simulation requires approximations such as treating it as an
isotropic medium. Furthermore, a cover substrate for sealing the
liquid crystal will be affected to the reflection coefficient of LC-
IRS and the dielectric constant and thickness of sealing substrate
should be selected, appropriately.

In this paper, based on the above difficulties, design of
Liquid Crystal based Intelligent Reflecting Surface (LC-IRS) for
5G communications of 40 GHz band is performed
experimentally. The effects of thickness of sealing glass
substrate and liquid crystal to the reflection coefficient have
been investigated.

II.  DEVELOPED LC-IRS AND MEASUREMENT SETUP

Figure 1 shows the developed LC-IRS and unit cell structure
for one-dimensional beam scanning. Operating frequency is 40
GHz band. To perform one-dimensional beam scanning in E-
plane, the reflect array (RA) elements in the vertical direction
are connected by bias-lines and the reflection phase is controlled
by applying different voltages to each
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Figure 1. Structure of Intelligent Reflect Surface (IRS) using Liquid
Crystals and it’s prototype.
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Figure 2. Measurement system of Reflection coefficient.

vertical element. The structure of RA element consists of a
three-element dipole to increase the amount of phase change.

Figure 2 shows the measurement system of Reflection
coefficient of LC-IRS. A horn antenna illuminates the IRS with
a distance of 1.5 m which satisfy the far field condition and
almost plane wave excitation will be realized. Horn antenna is
connected to Keysight vector network analyzer PSO08A and the
reflection coefficient was measured. The same voltage is applied
for each RA element and the voltage V¢ is changed from 0 V
to 20 V by the multichannel voltage source with frequency of
100 kHz.

III. RESULTS

Table 1 shows the parameters of LC-IRS for experimental
evaluation. Developed liquid crystal of TD-1020XX [5] and a
conventional E7 were used. Quartz glass with dielectric
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Table 1. Parameter of LC-IRS for experimental evaluation.
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Figure 3. Measurement system of Reflection coefficient when thickness of
sealing glass substrate changes.

100

A¢ = ¢(Vie = 20V) —

0

-100F hy =100 um

200F  he=70 pm

| TD-1020XX

=700 pm

,=2.1 mm
-400 - £=3.7
V=20V
-500 [ Rub: R, . . l
30 35 40 45 50
Frequency [GHz]

-300

Phase change [deg]

By =50 um

Figure 4. Measurement system of Reflection coefficient when thickness of
liquid crystal TD-1020XX changes.

permittivity of 3.7, loss tangent of 0.005 was used as a sealing
substrate of liquid crystal with changing the thickness from 0.2
mm to 1.6 mm. Also thickness of liquid crystal was changed
from 50 pm to 200 pm.

Figure 3 shows the frequency characteristics of phase change
A¢ denoted by the equation Ap =¢ (VLc=20V)-¢ (Vic =0V) in
the case when glass thickness /; of 0.2 mm, 0.3 mm, 0.7 mm, 1
mm, 1.3 mm and 1.6 mm. Large amount of phase change has
been obtained only in the case of #;=0.7 mm and the maximum
phase change of 422 degree was observed at the frequency of
39.7 GHz. Frequency band of A¢> 360 degrees were from 39.3
GHz to 40.2 GHz (500 MHz). On the other hand, in case of
7=0.2 mm and 0.3 mm, quite small phase change was observed.
Discontinuous curve can be considered that the trajectory of
complex reflection coefficient as a function of frequencies has
not been rotate the origin of complex-plane. In the case when /4,
is increased as 1 mm, 1.3 mm and 1.7 mm, maximum phase
changes were decreased and peak frequency were shift around
41 GHz. Thus, it is found that there is optimum quartz glass
thickness of around 100 pm for large amount of the phase
changes.

Figure 4 shows the frequency characteristics of phase change
Ag in the case when thickness of liquid crystal TD-1020XX are
of hrc of 50 um, 70 pm and 100 pm. Large amount of phase
change has been observed except for 50 pm. In the case of 5G
communications using frequency of 40 GHz band, it is
considered that the thinner thickness of liquid crystal is around
50 pum and high frequency of over 100 GHz was selected in
many papers [1-4] in order to use thin thickness with high agility.

IV. CONCLUSION

In this paper, the experimental design of Liquid Crystal
based Intelligent Reflecting Surface (LC-IRS) for 5G
communications of 40 GHz band is presented and large phase
changes of over 360 degrees were achieved. Beam steering
demonstration will be shown using developed 5G-LC-IRS.
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