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Abstract

In recent years, ultra-low-power wireless system has been widely used in the field of sensor
networks as an application of wireless technology. Sensor network systems have been attracting
attention in various fields; in particular, smart home wireless appliances and the body area
wireless networks that monitor health by sensing biological information. Furthermore, wireless
sensor network systems monitor the aging of building structures and they could assist in
preventing accidents. These wireless systems are often used in mobile environments, thereby
necessitating the requirement for batteries. An energy harvest power generation technology that
can be infinitely used as a power supply voltage instead of conventional batteries has attracted
attention. As an energy harvest technology, semiconductor power generation technology
utilizing solar or thermal energy has been commercialized. The voltage generated through
energy harvesting is extremely low and ranges from 300 to 400 mV. Conversely, owing to the
characteristics of the circuit topology, the high-frequency integrated circuit of the wireless
sensor network has a power supply voltage of approximately 1.8 V, and transmitter and receiver
wireless products current consumptions are over several tens mA. Therefore, it is difficult to
operate solely using the energy harvest power supply in the conventional wireless system. In
this research, we aim to realize a permanent operation of autonomous wireless sensor networks
that can operate under the ultra-low-power supply voltage with low power consumption using
the energy harvest technology.

In chapter 1, issues pertaining to a conventional wireless sensor network and background of
this research are discussed.

In chapter 2, for operating at the ultra-low voltage, the MOSFET transistor used in the
high-frequency circuit of the sensor network system and the optimization method of the
transistor in the weak inversion region are presented.

In chapter 3, for the realization of a wireless system with ultra-low power consumption, a new
voltage-controlled oscillator (VCO) and the high-frequency divider circuits are proposed, which
are important for improved performance in the wireless system. The evaluation confirmed that
the VCO oscillating at 2.4 GHz with a power consumption of 202 uW at a supply voltage of
280 mV and having a frequency divider can drive a 2.4 GHz signal with 34 uW power
consumption for a 300 mV supply voltage.

In chapter 4, a 2.4 GHz shift keying modulation wireless receiver system with low power
consumption under ultra-low voltage supply is proposed. In this system, a low IF receiver
system is developed using cascade- and fold-type low-noise amplifier circuits, a transformer
feedback-type VCO circuit, and a pseudo-passive mixer circuit. The evaluation confirmed that
the receiver sensitivity was —95.5 dBm at a bit error rate of 10 with 1.6 mW power
consumption for a 300-mV power supply.

In chapter 5, a newly closed phase-locked loop modulation wireless transmitter system that
operates at 2.4 GHz band frequency-shift keying modulation at ultra-low voltage is proposed.
For the realization of low power consumption, a transformer-type capacity bank circuit that
increases the oscillation frequency of the VCO circuit is developed. The evaluation confirmed
that the frequency-shift keying modulation spectrum signal of the adjacent-channel interference
of =42 dBc at 1.5 MHz with —6 dBm output power level, and power consumption is 2.1 mW at
400 mV power supply in the transmitter system.

In chapter 6, the summary of this dissertation is described.




