A Low Crosstalk and Ultra-Low

Quiescent Current Single-Inductor
Multiple-Output Converter with 5-Input
Error Amplifier for High Efficiency and

Driving Capability
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Abstract

With the development and rising need for wearable electronic
devices, the requirements of power management IC (PMIC)
are changing. First, in order to supply wearable devices
such as smart watches and Bluetooth headsets, PMIC needs
to reduce size. Second, because the wearable devices are
supplied by batteries, the efficiency of the PMIC needs to be
improved to increase the battery usage time. Third, wearable
devices contain multiple modules such as analog, digital and
RF circuits. Thus, PMIC should have the ability to provide

distributive voltage and current sources at the same time.

Single-inductor multi-output (SIMO) converter has the
advantage of fewer external components and can provide
distributive voltage and current sources. Thus, the size of
the SIMO converter can be reduced and can be widely used
in wearable electronic devices. The new control methods in
SIMO can be divided into three parts: Switchable CCM and
DCM control (ASCD), Crosstalk Reduction Error Amplifier
(CREA) and Ultra-Low Quiescent Current Technique. The
former two controls focus on reducing crosstalk, and the
third control focuses on improving light load efficiency by

reaching ultra-low quiescent current.

In ASCD control, when all outputs are in heavy load, the
system increases the peak value of the inductor current
by stacking the inductor current of each output, thereby
increasing the load capacity. If any load in output turns
lighter, the light load will be moved out of the stacked
inductor current and operate in DCM, which decreases the
output ripple caused by crosstalk. With ASCD control, the high
driving capability of heavy load outputs and low crosstalk in

light load outputs can be guaranteed at the same time.

CREA uses a single error amplifier with a feedback rotator

to solve the problem of increased hardware costs caused by
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the traditional SIMO structure that requires multiple error
amplifiers. In addition, CREA has an error signal correction
mechanism, which can generate a correction current based
on the feedback voltage of the other outputs to adjust the

output error signal and reduce the crosstalk effect.

When all outputs are in ultra-light load, the system will
operate in ultra-low power (ULP) mode to achieve ultra-
low quiescent current and improve light load efficiency. To
achieve ultra-low quiescent current, only ULP output detector
and constant on time (COT) generator work in ULP mode.
When any output needs energy, the Output detector will
trigger COT generator to send on time signal and provide
energy to output. With ULP mode, the light load efficiency is

improved and the battery usage time is increased.

The proposed SIMO converter contains variety of
technologies to achieve low quiescent current and low
crosstalk, effectively improving the problems faced by PMIC
used in portable devices in state-of-the-arts. The proposed
SIMO converter achieves efficiency of more than 85% in
ultra-light load, and the crosstalk has a 25% improvement

compared with the IEEE papers in state-of-the-arts.
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A Fig. 2 System block diagram





