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Thesis Summary

The electrification and automation of various devices will continue to advance toward the
realization of a carbon-neutral society. One of the most important components to realize a
carbon-neutral society is the power converter. The power converter consists of a power
semiconductor and a control circuit. Power semiconductors have a loss-noise tradeoff. As power
semiconductors become more advanced, the converter becomes more efficient, but noise is more
likely to occur. To cope with noise, losses increase. Active gate techniques are a solution to break
the trade-off between power device loss and noise. It solves the tradeoff by driving the power
semiconductors with waveforms that match their condition. However there is no research on active
gate driver techniques with load-adaptive functions integrated in a chip.

This thesis is a study of chip-integrated active gate drivers with load-adaptive functions.
Chip-integrated active gate drivers were developed for both analog feedback and digital
feedforward techniques.

Chapter 1 provides an introduction to this thesis. An overview of power electronics is given, and
the importance of power converters is presented in terms of applications and power.

In Chapter 2, the fundamentals of active gate technique are presented, including the characteristics
of each power device, the relationship between switching waveform and noise. Issues in terms of
the characteristics of active gate technique and power devices are summarized.

In Chapter 3, an analog active gate driver IC using discrete-time feedback technique is proposed.
Two resistors are controlled by the feedback technique to control the turn-on dV4/dt of the SIMOS.
Since the proposed technique feeds back the feedback result to the next switching, it can control the
dVg/dt that depends on the reverse recovery current. The results of successfully reducing the
switching losses by 25% using the prototype IC are described.

In Chapter 4, an active gate driver IC using digital feed-forward technique is proposed, and a
turn-off simulation analysis is performed considering the non-linearity of SiC-MOSFET
capacitance. The active gate waveform that reduce the surge voltage is proposed based on the
analysis. In addition, a time resolution extension circuit that reduce the amount of memory and time
resolution of the driver IC is proposed. The ADC integrated in the driver IC is used to detect the
SiC-MOSFET load and output the active gate waveform according to the load, and the turn-off
voltage surge is reduced by 51% without increasing the loss.

Chapter 5 presents the conclusions of this part and future research directions.




