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Voltage Balancing and Ripple Reduction of Multiphase 
FCML Converters with Coupled Inductors

• Disturbances such as input impedances 𝑍𝑖𝑛 and switching 
delays cause flying capacitor voltage imbalances [1]

• Imbalances increase
switch stress, current
ripple, core losses,
reduce efficiency [2]

• Need a robust flying
capacitor voltage 
balancing mechanism
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• Multiple interleaved FCML phases with coupled inductors
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• Coupled inductor alternates flying capacitor connections, 
allowing each to compensate for the disturbance on the other
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KEY CONTRIBUTIONS

Interleaving multiple FCML phases with coupled inductors cancels
per-phase inductor current ripple and significantly reduces flying 
capacitor voltage imbalance due to periodic disturbances.
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• Interleaving multiple phases with coupled inductors cancels per-
phase ripple, improving efficiency, saturation flux requirements

PCB Switching Waveforms

10-100× lower simulated imbalance 

from 𝑍𝑖𝑛 with coupled inductors

Coupled inductors significantly reduce voltage imbalance resulting from 

∆𝑑 = 3% switching delay on switches 𝐴2 and 𝐵2

Voltage imbalances vs. switching delay Per-phase ripple vs. duty cycle
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