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Coupling Magnetics[1]

• Magnetic components provide various functions in power electronics converters, including 

filtering, isolation, and voltage conversion.

• Traditionally, magnetics of different functions are implemented separately as discrete 

components, which are large and lossy.

Discrete, Large, and Lossy

• Reduced component count and size

• Higher efficiency and power density

Matrix Coupling Magnetics Structure Applicable Topologies

W1

W2

W3

WN

Series Coupling

W1

W2

W3

WM

Parallel Coupling
VIN1

VIN2

VIN.N

E.g., multi-winding transformers

In-phase voltages

𝜟𝝓 doesn’t scale up 

with winding count

𝑽𝟏
𝒏𝟏

𝑽𝟐
𝒏𝟐

𝑽𝑵
𝒏𝑵

𝒅𝝓

𝒅𝒕
=
𝑽𝟏
𝒏𝟏

≈
𝑽𝟐
𝒏𝟐

≈ ⋯ ≈
𝑽𝑵
𝒏𝑵

MAB

E.g., multiphase coupled inductors

Interleaved voltages

VIN

VOUT

i1
i2
i3
i4

90° 90° 90°

Four-Phase Buck

Current ripple cancellation 

by multiphase interleaving

W11

W1N

W21

W2N

W31

W3N

WM1

WMN

Matrix Coupling

• Miniaturized magnetic size & dc inductive energy storage

• Reduced current ripple & improved transient

• Improved efficiency & power density

Series Coupling Benefits:

Parallel Coupling Benefits:
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• Applicable to converters with both in-phase and interleaved winding voltages

• Series coupled windings are driven by in-phase PWM voltages

• Parallel coupled phases are interleaved
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General Operation Conditions

Current Ripple Reduction and Steering

Improved Transient Response & FOM
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Current Ripple Reduction for Matrix Coupling[2]
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Matrix Coupled Magnetics Inductance Dual Model
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Current Ripple Steering [3][4]
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• Series coupling coefficient: 𝛼 =
𝑁R𝐾
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• Parallel coupling coefficient: 𝛽 =
𝑀R𝐶

R𝐿

• Matrix coupling coefficient: 𝐾𝛼𝛽 =
𝛼𝛽

1+𝛼+𝛽

• Parallel coupling & multiphase interleaving 

reduce phase current ripple by 𝛾:

• Given identical volt-per-turn, phase current 

ripple linearly split among series coupled 

windings by 𝑠𝑗: 𝑠𝑗 =
R𝐾𝑗

σ𝑖=1
𝑁 R𝐾𝑖

Beneficial to ripple sensitive applications like 

computer power supplies

Stronger matrix coupling 𝐾𝛼𝛽 leading to smaller 

𝛾, i.e., smaller current ripple

𝛾 =
1 + 𝐾𝛼𝛽 ⋅ Γ

1 + 𝐾𝛼𝛽
, Γ~𝑓 𝐷,𝑀 [5]
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Transient Inductance: 𝐿𝑡𝑟 =
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Switching Cycle Averaging Model
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Common Mode Excitations during Transients FOM (Ripple reduction ratio compared to discrete 𝑳𝒕𝒓)

Larger 𝑀 and 𝐾𝛼𝛽 leading to smaller FOM and 

larger benefits

Four-Phase Matrix Coupled SEPIC Converter
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Over 4x size reduction and 9x faster transient speed 

when comparing to discrete inductors of similar 

current ripples and ratings @5V-1V.

▪ Efficiency Measurement

▪ Current Ripple Reduction

Non-interleaved Interleaved

Condition: 1V-3.3V @ 1MHz; Lext = 27nH

▪ Current Ripple Steering

Condition: 5V-3.3V @ 1MHz; Lext11,12 = 27nH, 

Lext31=22nH, Lext32=40nH

Asymmetric Series Coupling
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▪ Converter Prototype
Winding PatternMatrix Coupled Inductor
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• Presented a generalized matrix coupled magnetic structure for PWM 

power converters

• Performed a systematic analysis of current ripple reduction and steering 

caused by parallel and series couplings.

• Quantified the transient speed and benefits of matrix coupled magnetics

• Designed and built a four-phase synchronous matrix coupled SEPIC converter 

• Optimized winding structure to reduce ac resistance

• Up to 185A output current at 5V-1V voltage conversion (>470W/in3) 

• Over 4x magnetic size reduction and 9x faster transient speed compared to 

discrete inductors

▪ Theoretical Analysis

▪ Experimental Validation
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fsw = 806kHz
• With 36 CFM fan

• Over 185A @ 

5V-1V, 806kHz

• Over 470W/in3 

power density


