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Abstract

With the rapidly growing market of portable electronic
devices, high-efficiency power management ICs, which are
required to extend the standby time of the portable devices
powered by batteries, are in widespread demand. Switching
regulators, as a kind of power management IC, often suffer
from large input voltage variations. Furthermore, the regulators
should be designed to maintain high efficiency in large load
ranges. Therefore, three design challenges will be encountered
when achieving large load ranges. First, the conduction-loss
will be larger with large load current. Although increasing
the size of power MOSFET can reduce the conduction-loss,
the switching-loss will also be increased. Second, with large
load current range, it is difficult to optimize the stability of
the voltage regulation loop in both light and heavy load and
the output voltage variation will also be increased. Third,
conventional current sensor, which is often built-in current-
mode control, is designed with fixed current scaling ratio.
Therefore, the controller power-loss will be increased with
larger load current.

This work presents the solutions to the above three problems.
First, a variable frequency controller (VFC) circuit is proposed
to adaptively selecting optimal switching frequency according
to different loads and input voltages. Without complex digital
circuits, the VFC can be implemented with low-cost and low-
complexity circuit. The electro- magnetic interference (EMI)

can also be reduced with VFC. Besides, the VFC can be applied

to different converter types. Second, adaptive compensator
is adopted to optimize the bandwidth and phase margin
of the voltage regulation loop in both light and heavy
loads, respectively. Third, a piecewise linear current sensing
technique is proposed to save the power-loss in heavy load
without sacrificing the sensing accuracy in light load.

An integrated current-mode DC-DC buck converter is
designed and implemented with 0.35um CMOS process to
illustrate the proposed techniques. The chip size is 1.05mm”
With 3.3V input voltage and 1.8V output voltage, the
switching frequency is 200kHz ~ 2MHz and the measured
efficiency can be up to 95.4%. To the best of our knowledge,
all other published IEEE journal and conference papers are
focused on light-load efficiency improvement. This work,
with the proposed VFC technique, is the only one which
can improve both light and heavy load efficiencies in the
same chip concurrently. In addition, all the efficiencies in the
load range are improved with the proposed VFC technique.
The measurement results revealed the light and heavy load
efficiencies are improved 17% and 1%, respectively. The saved
power losses in light and heavy load are 16mW and 15mW,
respectively. The load current range is 0~1050mA. Compared
to other published papers with the same process, the load
range is the largest. Besides, the chip area of this work is
smaller. These results reveal that the techniques in this work

are superior with other prior arts.



