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Abstract

This paper proposes a three level buck converter utilizing multi-bit flying capacitor voltage control. The conventional
three-level buck converter can not control the flying capacitor voltage, so that the operation is unstable or the circuit for
controlling the flying capacitor voltage can not be applied to the PWM mode. Also when the load current is increased, an
error occurs in the inductor voltage. The proposed structure can control the flying capacitor voltage in PWM mode by
using differential difference amplifier and common mode feedback circuit. In addition, this paper proposes a 3bit flying
capacitor voltage control circuit to optimize the operation of the three level buck converter depending on the load current,
and a triangular wave generation circuit using the schmitt trigger circuit. The proposed 3-level buck converter is designed
in 0.18um CMOS process and has an input voltage range of 2.7V ~3.6V and an output voltage range of 0.7V~2.4V. The
operating frequency is 2MHz, the load current range is 30mA to 500mA, and the output voltage ripple is measured up to
32.5mV. The measurement results show a maximum power conversion efficiency of 85% at a load current of 130 mA.
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Fig. 1. Proposed three level buck converter block diagram.
O 1. HMetshes 3-2lY ¥ H3ty| 25 cloloja#

(1007)



Three Level Buck Converter Utilizing Multi-bit Flying Capacitor Voltage Control 123

1. 229 AWAE g Ao 3=

Vg Vt Va Vb

12RS 12RS 12RSI2R

Vap [V [Vpp | Vpnl

RS RZ RZ R

Resistor Array Differential Difference Ampllficx Common Mode Feedback

Fig. 2. Proposed flying capacitor voltage control circuit.
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Fig. 3. Proposed multi-bit flying capacitor voltage control
circuit.
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converter.
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Table 1. Comparison of performance.
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Parameters [7] (8] This work
Technology 350nm 350nm 180nm
Input voltage 2.6~ 4.0V 3.3~55V 2.7~ 36V
Output voltage 1~2V 1.8V 0.7 ~ 24V
Inductor 4.7uH 2.2uH 2.20H
Capacitor 10uF 10uF 10uF
Frequency 1MHz 2.6MHz 2MHz
Voltage ripple 90mV 89mV 32.5mV
Load range ~ 600mA ~600mA | 30~ 400mA
Efficiency (max) 90% 83% 85%
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