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Thesis Abstract:

The current trends in the automotive market are pushing toward an ever increasing integration of
electronic components in a car. Modern cars need to be safer and smarter, hence there is the need of a
lot of sensors, radars, microcontrollers etc. Consequentially, the power supply circuits that are needed
to power up all these devices starting from the 12-V battery of a car are also facing an intense thrust to
integration. More integration of the power supply circuits means that the production costs and area of
the components are significantly reduced, but leads to less flexibility of the circuits and less robustness
to high temperatures. The traditional approach was to directly convert the battery voltage to each desired
lower voltage using either low dropout regulators (LDOs) or switching DC-DC converters, depending
on the application. Nowadays a post-regulated approach is preferred: one converter downshifts the
battery voltage to an intermediate one, typically in the range of 4~8 V, and that intermediate voltage
can either directly supply some circuits, or be the input of multiple successive regulators, that will each
power up the circuits that require lower supply voltages. While complicating the design, this approach
is preferred due to a higher efficiency, and the possibility of a more robust thermal isolation of the
circuits. Switching DC-DC converters are usually very expensive and bulky, and this is mostly due to
the presence of the inductor, which can often cost more than the chip itself, both in terms of money and
area consumption. The typical switching frequency of a DC-DC converter is a few MHz. By increasing
the switching frequency, a much lower inductance value can be used without degrading the current
ripple. Having a lower value of inductance means that the physical dimension of the inductor is smaller,
resulting in an advantage in chip cost and area. In the field of power converters, efficiency is obviously
another key parameter, especially in the field of automotive where a high efficiency is beneficial for
both environmental and economical reasons. The main topic of this PhD research is the study and of
this research is the study and the design of a buck converter with specifications aligned with the post-
regulated domain, switching at 50/100 MHz. This work has been possible thanks to the collaboration
between the University of Pavia and Infineon Technologies Italy, with help from both the Pavia and
Padova sites.

The second topic of this thesis is the design of a Hybrid Single-Inductor Bipolar-Output DC-DC
Converter with Floating Negative Output for AMOLED Displays. As AMOLED Displays have become
one of the standard technologies for mobile and TV screens, the research for more compact and efficient
solutions for the supplies of the pixels is thriving. As AMOLED displays need two supply voltages (one
positive and one negative) to turn on, two separate DC-DC converters are typically used to provide the
necessary voltages from the battery. A Single-Inductor solution can generate both voltages with only
one inductor, hence saving a lot of money and area on the chip. This part of the work has been conducted
thanks to the collaboration between the University of Pavia and the University of Macau.
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