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High Efficiency Two-Phase Interleaved Buck Converter with Coupled
Inductor Design

Hyunji Kang', Jinwoo Kim!, Sungmin Lee!, and Younghoon ChoT

Abstract

This study presents the design of an 18 kW two-phase interleaved buck converter that uses a coupled
inductor for an electric vehicle rapid charger. The designs of a two—phase coupled inductor for current ripple and

physical size reduction and a two-phase interleaved buck converter based on silicon carbide metal - oxide -

semiconductor field-effect transistor for high efficiency were described in detail. The operating principle of the

two-phase interleaved buck converter was analyzed, and the coupled inductor was investigated using a magnetized

equivalent circuit. Simulation and experiments were conducted to verify the validity of the proposed two—phase

interleaved buck converter, and the theoretical design method and experimental results were confirmed.

Key words: Buck converter, Coupled inductor, Interleaving, Two-phase interleaved buck converter, DM (Differential

Mode)
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Fig 1. Current waveforms of inductor (red) and coupled
inductor (blue) at the same inductance (400uH).
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Fig. 2. Two-phase interleaved buck converter with coupled
inductor.
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Fig. 3. Two-phase interleaved buck converter with coupled
inductor equivalent circuit.
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Fig. 5. Switching diagrams of the two-phase interleaved
buck converter with coupled inductor during 7.
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TABLE 1
COUPLED INDUCTOR DESIGN CONDITION
Component Value
Switch 5}, S, C3MO0030090K (900 V / 63 A)
Diode D,, D, IDWD40G120C5 (1200 V / 40 A)
TABLE O
COUPLED INDUCTOR DESIGN CONDITION
Parameter Value
Self Inductance 420 uH
Mutual Inductance 140 uH
Average current per coupled inductor 20 A
Coupling coefficient 0.33
Switching frequency 30 kHz
Number of turns (designed) 29
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Fig. 7. Coupled inductor structure.
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Fig. 8. Magnetic flux path.
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Fig. 10. Current ripple of coupled inductor compared to
current ripple of non-coupled inductor.
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Fig. 11. Magnetization equivalent circuit.

TABLE I
EXPERIMENT SYSTEM CONDITION AND COUPLED
INDUCTOR PARAMETERS

Parameter Value
Core (Material) EE 7091C (Ferrite)
Number of stacks 2
Self inductance 426.2 uH
Self inductance 421.1 uH
Mutual inductance 1335 uH
Coupling coefficient 0.315
Air gap length 1.5 mm
Number of turns 29
Input voltage V, 600 V
Output voltage V,,, 450 V
Output power 18 kW
Switching frequenvy 30 kHz
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Fig. 12. Coupled inductor phase current and output current
simulation result at 18 kW.
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Fig. 13. Experimental setup.
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Fig. 14. Coupled inductor phase current and output current
waveform with an coupled inductor designed at 18 kW.
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