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A Wide Output Power Range Tri-mode

Digital Buck Converter for Photovoltaic
Energy Harvesting
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"N\ bstract

The development of internet-of-thing (loT) pushes increasing
demand for portable/wearable devices. The devices can monitor
the environment, collect and analyze the information from
the devices, and send the data back to the database. However,
replacing the battery of the large number of devices is a critical
issue. Harvesting energy from the ambient environment such
as light, heat, and vibration energy, provides a solution to
prolong the battery lifetime, or to realize a battery-free system.
Photovoltaic (PV) energy harvesting is one of the most promising
solutions because of its relatively higher power density. To
effectively power the devices by PV cell, a low-voltage and
low-power DC-DC converter that converts the PV cell voltage
(0.55V~0.6V) to a regulated voltage (0.35V~0.5V) with high
efficiency is required.

In this work, a novel tri-mode digital buck converter is proposed
to power the energy-efficient digital circuits. By integrating pulse
width modulation (PWM), pulse frequency modulation (PFM),
and asynchronous mode (AM), the minimum output level range
can be extended to nW level with high efficiency. The system
architecture is shown in Fig. 1. At heavy load, digital pulse width
modulation is adopted so that the conversion efficiency is
high with low voltage operation. At light load, pulse-frequency
modulation with digital self-tracking zero current detection (ST-
ZCD) is applied to avoid the reverse current and achieves higher
than 70% efficiency at 400nW output power. At ultra-light load,
asynchronous mode is activated to minimize the controller power
by conducting current through the body diode of NMOS power
transistor. The proposed asynchronous mode further extend the
output power range down to 50nW. This design is fabricated
in 0.18um CMOS process. The measurement results show that
the maximum conversion efficiency of 92% is achieved with
output power ranging from 50nW to 10mW. It is suitable for both
0.55-V~0.7-V photovoltaic cell and the 1-V battery operation.
Comparing to the state-of-the-art low-voltage buck converters,
the proposed tri-mode buck converter achieves the lowest
output power and a widest output power range to date with
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smaller inductor size, which is suitable for portable devices and
loT applications.

Fig.4/
The system architecture of the proposed digital buck converter.
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