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SUMMARY OF Ph.D. DISSERTATION

Integrated Design Engineering Takahide Terada

Title
Low Power Wireless Data Communication and Power Transmission Circuits
for Maintenance Free Sensor Network System

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 wum 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 um 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 wum 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.




