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DC-DC Buck ConverterResearch Purpose

Tradeoff between Efficiency 
and Transient-Response

×Large current ripple Fast response

Small current ripple ×Slow response
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Coupled inductors in multiphase DC-DC 
converter.

Top Switch ON, Bottom Switch OFF :

Bottom Switch ON, Top Switch OFF :
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Coupled Inductor in Two-phase DC-DC Buck Converter
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Fig. 1. Two-phase coupled-inductor buck converter

Fig. 2. Operating waveforms of interleaved two-phase 
coupled inductor buck converter (Duty-cycle D ≤ 0.5)
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Mutual inductance:

Microprocessor Power Supply
⇒ Low-ripple Fast-response 

Power Converter.

Clarification of its characteristics 
in theory, simulation and experiments.
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Small Inductor

Large Inductor

Coupled Inductor
Small current ripple Fast response



Steady-state Analysis
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Derivation of Steady-state Average Equivalent Inductance

Mode1
:

Mode2:

Mode3:

Average inductor current in one switching period:

Duty-cycle D ≤ 0.5

Duty-cycle D ≥ 0.5
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Transient Analysis

Output voltage in real circuits:

Current change ∆i in coupled inductor     
circuits:
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Fig. 3. Comparison of load current transient response of buck converters 
with and without inductor coupling. 

Peak to peak current ripple (Duty-cycle D ≤ 0.5):

Derivative functions with A=D/(1-D) : 
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Current Ripple
Per-phase current ripple reduction:

Minimum current ripple Vs Coupling coefficient
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Current Ripple Reduction

Coupling Coefficient Vs Ripple Reduction for D=40%

Interaction 
caused by M

13% ripple reduction



Summary
Analysis of coupled inductors in multiphase DC-DC buck converter.

Lower per-phase ripple current         reduced switching losses
Faster transient response

Clarification by theory analysis, simulation and experiments.

Simulation and Experimental Verifications
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Experiments
Vin = 5V   Duty = 24%   Fs = 200KHz   Cout = 220uF   L = 15uH   k = -0.2   Load transients : 1.2A ⇔ 3.6A
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