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Driving Performance of a Waveguide Type Liquid-Crystal Millimeter-Wave
Control Device Using a Magnetic Field

Toshiaki Nose!, Kenta Kunii!, Mamoru Masaka?, Kenji Ito?,

Ryota Ito!, and Michinori Honma'

! Department of Intelligent Mechatronics, Faculty of Systems Science and Technology, Akita Prefectural University
2 Yurikogyo Co. Ltd.

The next generation of high speed wireless communication service called 5G was launched at the beginning of April. As the service spreads
across the world, the use of millimeter-waves (MMW) will become mandatory. Although ICT gathers much attention these days, such as IoT,
self-driving cars, Al, smart-agriculture, it is not widely recognized that the most important base technology is high-speed wireless
communication for all new ICTs. Now, 5G is expected to generate new commercial opportunities beyond the limitations of smart phones due to
the significant improvement in specifications compared to the other generation changes so far. However, the depletion of frequency resources of
available electromagnetic-waves due to the abrupt increase in the number of wireless terminals represented by smart phones remains a concern.
Therefore, the usage of MMW which has remained unexplored is now open for general consumer services. We are expecting a new application
field of liquid crystal (LC) materials to control MMW because superior electro-optic properties are also expected in the MMW region due to the
large birefringence. Generally, planar type high frequency circuits are adopted because they are easily introduced into a sandwich cell structure
which has a thinner LC layer. However, hollow waveguides are also attractive if we consider their low loss properties and high reliability,
although LC volume would remain huge if LC materials were introduced, while the waveguide would become smaller in the MMW region. The
greatest difficulty with a bulky LC cell is how to drive it. Here, we adopted a magnetic field to drive LC molecules confined in the metal hollow
cell structure. Two pairs of electromagnets were used for the versatile control of LCs to overcome the fatal degradation of recovery speed, which
is generally biggest problem with bulky LC cells. We called this driving method the “vector magnetic field drive,” and its basic performance was

investigated.
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