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This thesis presents low power management technology for IoT (Internet of Things) devices to eliminate
the need of charging or replacing batteries for a huge number of devices and achieve a battery—free operation
using energy harvesters. A battery—free device can be realized by converting harvested energy into a stable
DC voltage, and by developing nano—watt power management technology. Three key technologies are necessary
for this realization. Detailed summary is described below.

In chapter 2, a circuit technology of an AD-DC converter is discussed. Especially a design method of
a rectifier which generates power from RF signals is described. In order to receive a large AC voltage,
it is important to reduce input parasitic capacitance of the rectifier. The measured power conversion
efficiency of the proposed rectifier was 36.6% at 4 meter distance from a Reader/Writer, and the efficiency
showed two times higher than the conventional one. This design theory could also be applied to a power
detector (commercialized) for handling RF signals.

Chapter 3 describes a design technology of a DC-DC converter which started up from a low input voltage
(tens of mV) and operated over a wide voltage range. Since a transistor could not operate by itself at
voltages below its threshold, a Cold-Start circuit with a transformer—based oscillator is proposed to
assist low—voltage startup for a boost converter. The measured input-voltage range of the proposed boost
converter was from 60 mV to 3 V; it indicated that the converter was applicable to fluctuating power

generated from harvesters.

In chapter 4, a power management technology that intermittently controls IoT devices with nano—watt power
consumption is described. A compact battery—free beacon that operates with photovoltaic cells at only
50 1x is realized. The proposed power management circuit, which is designed outside an RF module, can
be customized in accordance with each specific IoT field without the need for obtaining a new Technical
Regulations Conformity Certification.

By selecting and merging the techniques discussed in each chapter, it is possible to convert both AC
and DC signals output from all harvesters. It became possible to properly manage the generated power,
making design suitable for harvesters in almost all fields.
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