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MEALIZEE T SRR

Research on improving the efficiency of microwave wireless power transmission

KE PR MR e REE MR
MIZUSHIMA Sota TANEOKA Minto MASAAKI Nasuno
BA  EHE HHOE T R TR FE
TSUKAMOTO Yoshitoshi MIYATA Naoyuki MASUGATA Yasutomo TERASAWA Takashi

Abstract
The introduction of loT technology is progressing toward the realization of Society 5.0. However, supplying power to

numerous loT devices via wires is cumbersome. As a solution to this problem, microwave wireless power transmission

(MWPT) technology, which supplies power wirelessly, is expected to become a solution. By applying MWPT technology

to loT devices, battery-less loT systems can be realized, eliminating cumbersome and reducing installation costs. This

technology also makes it possible to supply power to many devices simultaneously and to devices in remote locations. In

this research, we examined receiving antennas and rectifier circuits with the aim of supplying power to lIoT devices using

radio waves in the 2.45 GHz band. In particular, we aimed to improve their characteristics by arraying the receiving

antennas and applying a notch filter to remove harmonics in the rectifier circuit. As a result, the gain of the four-element

array antenna was 11.4 dBi, and the rectifier circuit achieved a conversion efficiency of 40% with a 1 kQ load.
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Fig.1 Overview of MS antenna.
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Table 1 Specifications of PCB.
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Fig.2 Gain of a two-element in-phase synthesized

array of half-wave dipole antennas.
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Fig.3 3D model of the 2-element array antenna.
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Fig.4 Simulation results of the 2-element array antenna gain.
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Fig.5 Dimensions of the 4-element array antenna.
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Fig.6 Appearance of the prototype array antenna.
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Fig.7 Overview of electromagnetic anechoic chamber.
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Table 2 Radiation measurement equipment and specifications.
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Fig.8 Schematic diagram of single shunt rectifier circuit.
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Fig.9 Appearance of single shunt rectifier circuit.
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Fig.10 Appearance of a rectifier circuit for harmonic measurement.
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Fig.11 Prototype of NF.
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Fig.12 Rectifier circuit incorporating NF.
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Fig.13 Block diagram of the output harmonic measurement system.
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Table 4 List of measuring instruments used
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Fig.15 Simulation results and measured values of the | Si1| parameter for

the 2-element array antenna.
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Fig.16 Simulation results and measured values of the | Si1| parameter for
the 4-element array antenna.
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Fig.17 Array antenna radiation characteristics measurement results.
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Table 5 Maximum Gain Measurement Results for Array Antenna.
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Fig.18 Measurement results of harmonics.
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Fig.19 Simulation results and measured values of | S »| for NFQD.
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Fig.20 Simulation results and measured values of | S » |for NF@.
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Table 6 Length of NF
NF(D NF(2)
LE2al—o3y [mm] 9.3 6.3
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Fig21 Measurement location of NF length.
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Fig.22 Measurement results of harmonics of NFQD.
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Fig.24 DC output voltage characteristics of a rectifier circuit incorporating
NF.
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Fig.25 DC output voltage characteristics of rectifier circuit.
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Fig.27 DC output voltage of rectifier circuit vs. input power.
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Fig.28 Conversion efficiency of rectifier circuit vs. input power.
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Development of Semitransparent Organic Solar Cells

HF 3K MR B AHE FEA
TANAKA Keita YANAGIHARA Kohei KAKUDA Tatsunori
e R saih RS ]
SASAKI Katsuhiro NAKA Shigeki
Abstract

As global warming and the depletion of fossil fuels become more serious, the use of renewable energy is urgently
needed. Photovoltaic power generation has attracted attention because it can provide an abundant and clean
energy source. However, conventional inorganic semiconductor solar cells are expensive to manufacture and have
limitations regarding where they can be installed. In contrast, organic thin-film solar cells are low-cost, lightweight,
flexible, transparent, and can be applied to a variety of uses. The advantages of organic thin-film solar cells are that
the manufacturing process is simple and low-temperature processing is possible, which helps reduce costs.
Moreover, they can be installed on curved and vertical surfaces, making them suitable for a variety of locations, such
as buildings and agricultural facilities. In particular, semi-transparent organic thin-film solar cells can generate
electricity while maintaining light transparency, and can be used as building materials to supply energy without
compromising the aesthetics. In the agricultural field, these solar cells are expected that they will simultaneously
achieve solar power generation and the transmission of red light necessary for plant growth. As a result, their use in
plant factories and greenhouses is progressing. By using semi-transparent organic thin-film solar cells as roofing
materials, it is possible to achieve both power generation and light transmission, and to achieve agriculture and
energy supply at the same time. On the other hand, organic thin-film solar cells have lower photoelectric conversion
efficiency than inorganic solar cells, and there are issues with durability and stability. Improvements to these issues
are required, but features such as low cost, flexibility, and transparency are advantages that other technologies do
not have, and future technological innovations are expected to further improve efficiency. In this study, we designed
and evaluated the characteristics of semi-transparent organic thin-film solar cells that can transmit red light
necessary for plant growth during the day while generating electricity using the remaining light, with the aim of

applying them as roofing materials for plant factories.
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Fig.1 Experimental cell fabrication process.
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Fig.2 Glass substrate after etching.
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Table 1 Solution preparation conditions.
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Table 2 Spin coating conditions.
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©) PEIE 1 1500 022
25%LLT
@  PEDOTPSS R 1000 0.22
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Table 3 Baking conditions.
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Fig.3 Image of glass substrate after spin coating.
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Fig.6 Surface of the P3HT+PCBM layer before lamination.
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Table 4 List of processing conditions.
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Fig.10 Current-voltage characteristics of laminated cells.
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Development of Flexible Conductors
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Abstract
In recent years, analysis has been conducted to synchronize biological signals with movement in rehabilitation

support and sports, among other fields. For acquiring these signals, electrodes and conductors that exhibit high

compatibility with humans are required. In this study, we aimed to develop a flexible conductor that combines

elasticity and conductivity, and investigated a method for fabricating a flexible conductor using a liquid metal as the

conductor layer and nanofibers as the encapsulant, and evaluated its electrical and mechanical properties. As a

method for coating the base encapsulant with liquid metal, we decided to first sputter Au onto the base encapsulant,

and then use a combination of the pressing method and bar coating method. The liquid metal was then sealed using

electrospinning, and a conductive wire was inserted into the liquid metal to complete the flexible conductor.

Measurement of the resistance of the flexible conductor revealed a favorable value of 28 mQ, and also demonstrated

satisfactory characteristics at the actual operating temperature. As a result of evaluating the mechanical properties,

the change in resistance was small up to an elongation rate of 30%, and no damage to the flexible conductor was

confirmed. In addition, we succeeded in acquiring biosignals in a stationary state.
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Fig.19 Relationship between elongation rate and resistance.
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Table4 Elongation recovery test result.
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Table 5 Change in resistance value due to bending.
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Fig.23 Scene of measuring the change in resistance due to bending.
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Research on automatic resonance mechanism

for vibration power generation devices

ROOJE—RS RkHE MUEE VL EORER
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Abstract
With the miniaturization of loT devices and mobile terminals in recent years, there is a need for more sophisticated

energy harvesting (EH) technology that harvests small amounts of energy from the surrounding environment and

converts it into electricity. In this research, with the aim of increasing the output of vibration power generation, which

is one of the EH technologies, we developed a mechanism (automatic resonance mechanism) that actively changes

the natural frequency of the cantilever on the device side in synchronization with the frequency of external vibration.

Prototype models consisting of two sets of cantilever-shaped resonant plates with movable weights were created. The

responses acceleration at each frequency were measured by sweep vibration tests using these models.
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