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The number of sensors that connect to network will be a trillion. The trillion sensors promise
the higher quality of life and new user experiences. To realize the trillion sensors era, the
key challenges are the large amount of batteries and wireless traffic. This study focuses on
battery—less wireless sensor devices (WSDs) and the improvement of spectral efficiency as the
solution for the challenges. This thesis presents battery-less integrated circuits and systems
for the trillion sensors era.

In the presented wireless sensor system, the WSDs use an RF energy harvester (RF-EH) instead
of a battery. Wireless communication is a star topology: a reader device communicates with many
WSDs. This study exploits two approaches, which are the diverse integration and different layer
approach such as system, architecture and circuit layer. Based on these approaches, this study
presents the provided carrier modulation, power management with the detection of the
communication timing, and tunable impedance matching.

In the power source and management circuit, the RF-EH charges the storage capacitor, and the
low dropout voltage regulator (LDO) provides 0.6V regulated power supply voltage for the
transceiver.

In the transmitter, this study presents the IF-based quadrature backscattering technique, which
is based on the provided carrier modulation. By using this technique, the transmitter fabricated
in 65nm CMOS process achieves 2.5Mb/s 32QAM modulation with 113 uW. In addition, this study
presents the tunable planar solenoidal inductor fabricated in MEMS process. Using this MEMS
inductor and the RF-EH, the tunable impedance matching circuit is expected to be wider operation
frequency range.

Finally, this study presents the WSD that consists of a microcontroller unit and the fabricated
chip including the power source and management circuit and the wireless transceiver. The WSD
can realize the temperature sensing operation and the battery—less wireless communication.

The techniques presented in this thesis realize not only the battery—less wireless communication
but also the high spectral efficiency, and thus contribute to the realization of the trillion

sensor era.
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