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主 論 文 題 目： 

 

࣓ンࢼࢸンࢫフࣜーセンサࢿッࢺワー࣒ࢸࢫࢩࢡ用ప電力無線ࢹータ通信及び電力伝

送回路 

 
 

㸦内容ࡢ要旨㸧 

 発電機ࡢ回転軸や工場内ࡢ過酷࡞環境࡟࡝࡞適用すࡿセンサࢿッࢺワー࣒ࢸࢫࢩࢡ

センサࡣࢻーࣀセンサ，࡟一般．ࡿい࡚ࢀࡽࡵ求ࡀ運用ࡢフࣜーࢫンࢼࢸン࣓，ࡣ࡛

回路࡜無線通信回路，ࣂッࣜࢸを含ࡴ電源回路࡛構成さࢀ，無線通信部ࡢ消費電力ࡀ

大ࡁいこࡽ࠿࡜，定期的ࣂ࡞ッࣜࢸ交換(࣓ンࢼࢸンࢫ)ࡀ必要࡛あࡗた．࣓ンࢼࢸン

ࡢࡶࡢそࣜࢸッࣂࡣまた，ࡿす࡟交換を不要ࣜࢸッࣂ，ࡣ࡟ࡵたࡿフࣜーを実現すࢫ

を不要࡟すࡿこࡀ࡜求ࡿࢀࡽࡵ．そこ࡛本研究࡛ࡣ，センサࢹータをప電力࡛伝送す

無線電力伝送回路技術ࡿ供給す࡟電力を安定࡬ࢻーࣀセンサ，࡜無線通信回路技術ࡿ

 ．した࡜開発を目的ࡢ

第 1 章࡛ࡣ，本研究ࡢ背景࡜従来ࡢ研究ࡘ࡟い࡚述࡭た． 

第 2 章࡛ࡣ，極近距離無線通信用ウࣝࣛࢺワイࣂࢻンࢻイン࢜ࢪࣛࢫࣝࣃ(UWB-IR)

送受信機ࡘ࡟い࡚述࡭た．ࢢࣟࢼ࢔回路ࡢ定常電流をప減すࡿたࡵ，インࢫࣝࣃ信号

を用いࡿ UWB-IR 動作化をࢡッࣟࢡ，タࣝ化ࢪࢹࡢ回路ࢢࣟࢼ࢔着目し，無線通信࡟

提案した．0.18 µm CMOS プࣟセ࡛ࢫ試作した送受信機チップを用いた実験ࡾࡼ࡟，

通信距離 1 m，ࢹータࣞーࢺ 1 Mbps，消費電力 1.0 mW を確認した． 

第 3 章࡛ࡣ，近距離無線通信用 UWB-IR 送受信機ࡘ࡟い࡚述࡭た．通信距離 30 m

ࡢ UWB-IR 受信機࡟対し࡚，受信回路ࢫࣝࣃࡢ単఩(ns 単఩)࡛ࡢ間Ḟ動作を提案した．

0.18 µm CMOS プࣟセ࡛ࢫ試作した送受信機チップを用いた実験ࡾࡼ࡟，受信性能を

評価した．受信ࢢࣟࢼ࢔フࣟン࢚ࢺンࢻ回路ࡢ消費電力ࡣ 90 mW ࡽ࠿ 38 mW ప減࡟

した． 

第 4 章࡛ࡣ，無線電力伝送用ࡢ高効率回路技術ࡘ࡟い࡚述࡭た．安定した電力伝送

を行うた2，ࡵ ḟ元導波ࢩーࢺ方式࡟着目し，センサࣀーࡢࢻ消費電力࡜電力伝送効

率ࡢ変動࡟対応可能࡞送受信機࢔ーキࢡࢸチャを提案した．ࣃワー࢔ンプ(PA)࡜並列

整流回路ࡢプࣟࢺタイプを用い効率を評価した．最大送信電力ࡽ࠿ 10 dB పい送信電

力࠾࡟けࡿ PA 効率を 2.5 倍࡟改善した．18dB 並列整流回路ࡿけ࠾࡟入力電力範囲ࡢ

効率を 1.5 倍࡟改善した． 

第 5 章࡛2，ࡣ ḟ元導波ࢩーࢺを用いた無線電力伝送用ࡢビー࣒フ࢛ー࣑ンࢢ技術

センサ࡜送信機ࡽ࠿ࢫイࣂࢹࢫンࣞ࢓設置したࣜフ࡟上ࢺーࢩた．導波࡭い࡚述ࡘ࡟

を補償し，センサࡁࡘࡽࡤ回路遅延ࡢ送信機間，࡛࡜こࡿを分配すࢡッࣟࢡ࡟ࢻーࣀ

方式を提案しࢫンࣞ࢓フࣜࢺーࢩーサࣝ࢜ンࣂࢽユࡿ水晶発振器を除去すࡽ࠿ࢻーࣀ

た．0.18 µm CMOS プࣟセ࡛ࢫ試作した送信機チップを用いた実験ࡾࡼ࡟，提案方式

ࡣ電力伝送効率を評価した結果,電力伝送効率࡜動作ࡢ 23 倍࡟改善した． 

第 6 章࡛ࡣ，結論࡜し࡚各章࡛得ࢀࡽた内容をまࡵ࡜，本研究ࡢ成果を要約した． 

以上 
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Abstract 

 

In sensor network systems for a rotating shaft in a motor and an unforgiving environment in a 

factory, the system operation with maintenance free is requied. A sensor node consists of a 

sensor circuit, a wireless communication circuit and a power supply circuit with a battery in 

gereral. The sensor node requires a periodic change of the battery because a wireless 

communication circuit has large power consumption. For maintenance free operation, the 

change less of the battery or the battery less are required. In this study, low power wireless data 

communication techniques for sensor data transmission and highly-stable wireless power 

transmission techniques for supplying power to the sensor node were investigated for 

maintenance free sensor network system. 

Chapter 1 explains the background of this study. 

Chapter 2 describes Ultrawideband Impulse Radio (UWB-IR) transceiver for extremely short 

range communication. To reduce continuous current of analog circuits in the wireless 

communication circuits, the author focused on the UWB-IR using impulse signal for the 

communication, and proposed digital and clocked operation for wireless communication analog 

circuits. Using a transceiver chip fabricated in 0.18 µm CMOS process, 1 m of communication 

range, 1 Mbps of data rate and 1.0 mW of power consumption were experimentally evaluated. 

Chapter 3 describes UWB-IR transceiver for short range communication. An intermittent 

operation scheme based on impulse width for UWB-IR receiver with 30 m of communication 

range was proposed. Using a transceiver chip fabricated in 0.18 µm CMOS process, the receiver 

performance was experimentally evaluated. The power consumption of the receiver analog front 

end circuit was reduced from 90 mW to 38 mW. 

Chapter 4 describes high-efficiency circuit technique for wireless power transmission. To 

stabilize the wireless power transmission, the author focused on a 2D waveguide sheet 

technique, and proposed the transmitter and receiver architecture which can accept the 

variations of the power transmission efficiency and the power consumption of sensor node. 

Using prototype of the power amplifier (PA) and the parallel rectifier, the efficiency was 

experimentally evaluated. The PA efficiency was improved 2.5 times over an output power 

range of 10 dB. The parallel rectifier efficiency was improved 1.5 times over an input power 

range of 18 dB. 

Chapter 5 describes a beamforming technique for wireless power transmission using the 2D 

waveguide sheet. A universal on-sheet reference scheme was proposed for calibrating the 

transponder circuit delay variation and eliminating a crystal oscillator from the sensor by 

distributing the clock signal from the universal reference .device to the transmitters and sensor. 

Using a transceiver chip fabricated in 0.18 µm CMOS process, the proposed scheme operation 

and the power transmission efficiency were experimentally evaluated. As a result, the power 

transmission efficiency was improved 23 times. 

Chapter 6 summarizes the results of this study. 

 

 


