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Summary and Conclusions
ICN-based resonant converter can achieve ZVS and near-ZCS operation and maintain 
high efficiency across wide operating ranges

Magnetics integration enables increase in ICN converter power density by 
integrating three discrete inductors into a single magnetic structure using two 
coupled windings

Integrated magnetics design optimized using 3D FEM simulations

550-W 1-MHz quarter-brick ICN converter prototype utilizing integrated magnetic 
structure achieves >450 W/in3 power density

References
A. Kumar, J. Lu, S. Pervaiz, A. Sepahvand and K.K. Afridi, "High Power Density Impedance Control Network DC-DC Converter 
Utilizing an Integrated Magnetic Structure," Proceedings of the IEEE Energy Conversion Congress and Exposition (ECCE), 
Milwaukee, WI, September 2016.

A. Kumar and K.K. Afridi, “Megahertz-Frequency Isolated Resonant dcdc Converter using Impedance Control Network for High-
Efficiency Wide-Range Operation,” Proceedings of the IEEE Energy Conversion Congress and Exposition (ECCE), Montreal, 
Canada, September 2015. 

J. Lu, D.J. Perreault and K.K. Afridi, “Impedance Control Network Resonant dc-dc Converter for Wide-Range High-Efficiency 
Operation,” Proceedings of the IEEE Applied Power Electronics Conference and Exposition (APEC), Charlotte, NC, March 2015.

S.J. Gunter, K.K. Afridi, D. Otten, R. Abramson and D.J. Perreault, “Impedance Control Network Resonant Step-Down DC-DC 
Converter Architecture,” Proceedings of the IEEE Energy Conversion Congress and Exposition (ECCE), Montreal, Canada, 
September 2015. 

M. Meinhardt, M. Duffy, T. O'Donnell, S. O'Reilly, J. Flannery and C. O Mathuna, "New Method for Integration of Resonant 
Inductor and Transformer – Design, Realisation, Measurements," Proceedings of the Applied Power Electronics Conference 
and Exposition (APEC), Dallas, TX, March 1999..

Prototype Design and Experimental Results

Magnetics Integration ApproachIntroduction ICN Resonant Converter Architecture 

To facilitate zero-voltage switching (ZVS) and near zero-current switching (ZCS) 
susceptance seen by the two inverters is zero when:

Output power is regulated using burst-mode control 

Compact high-efficiency converters are 
required in various applications such as 
data centers, consumer electronics, and 
electric vehicles

Resonant converters good candidates for 
these applications as they enable high 
efficiencies through soft-switching

Conventional resonant converters tend to 
lose soft switching as operating conditions 
vary Inverter Gate Signals Inverter Phase-Shift

ICN-based Telecom Bus Converter

Parameter Specifications

Input Voltage Range 36-60 V

Output Voltage Range 34-55 V

Maximum Output Power 50-500 W

Switching Frequency 1 MHz

ICN-based resonant converter architectures can achieve ZVS and near-ZCS 
operation and maintain high efficiency across wide operating ranges
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Converter size dominated by magnetic components with three inductors and a 
transformer
Need an approach to increase power density while maintaining the wide-range 
high efficiency characteristic of ICN converter
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Model coupled inductor as 
a two-port network
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Planar EI geometry

Analyze via and 
termination effects

Optimize air-gaps and core 
geometry to minimize losses

𝑛1 turns 𝑛2 turns

Integrated Magnetics Power Density : 463 W/in3

Conventional Design Power Density : 21 W/in3

Integrated Magnetics

Conventional Magnetics

VOUT = 34 V
POUT = 390 W

Integrated Magnetics

Conventional Magnetics

VOUT = 55 V
POUT = 550 W

Top Inverter Switch Node Waveforms

Bottom Inverter Switch Node Waveforms

Leading Rectifier Leg Switch Node Waveforms


	Slide 1

