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Adaptive Peak-Inductor-Current Controlled
PFM Boost Converter with a Near-Threshold
Startup Voltage
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Energy saving and carbon reduction issues attract a lot of
attention recently. How to get energy from environment has
been developed quickly in these years, such as solar power,
vibration, thermal, etc. Nevertheless, most of these green energy
types can only provide a very low voltage, so it is difficult to
power electronic circuits directly. Due to these factors, a circuit,
which could operate at a low supply voltage and also boost it to a
higher level for powering up its following electronic, is needed.

Boost converter is one common type of step-up power
converters. By using a boost converter, the low supply voltage
can be boosted up to a voltage high enough for powering up
electronics. Therefore, it can be integrated with other CMOS
mixed-signal systems in system-on-chip applications. Besides,
due to the factor that green energy can only provide very low
power, this design chooses pulse-frequency modulation (PFM),
which is capable to get better efficiency at light loads rather than
pulse-width modulation (PWM). However, most of the boost
converters operating in current-mode PFM control often need an
inductor-current sensor. There are many current-sensing schemes
being proposed. However, some of them need an operation
amplifier, which costs significant power consumption, or cannot
be operated in low supply voltage. Hence, we propose a high-
efficiency low-voltage boost converter using PFM control but no
current-sensing circuits.

In this work, an integrated PFM-controlled boost converter
without current-sensing circuits is implemented by using a
0.18um CMOS mixed-signal process. A novel adaptive peak-
inductor-current (APIC) control method without any current
sensing circuit is proposed to suppress the growth of output
voltage ripple as the input voltage increases, and a two-step
startup procedure is used to efficiently reduce the control circuits
and cost. Moreover, the theoretical minimal circuit operating
voltage should be the threshold voltage, which is 0.42 V in the
adopted process, and the proposed converter can successfully.
start up with a 0.43-V input voltage, which is near the transistor
threshold voltage. Moreover, after startup, the converter can work
with an even lower input voltage, as low as 0.22 V.



