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Special Issue on Topologies, Modeling 
Methodologies, and Control Techniques for High-

Frequency Power Conversion

THE study of power converters operated at greatly
increased switching frequencies compared to conven-

tional practice poses rather unique and transverse challenges
to the designer.

Formulation and evaluation of conversion topologies for
high-frequency power conversion, as well as related control
and modeling approaches and design techniques, represent
key aspects that are strongly intertwined. Characterization and
evaluation methodologies for active and passive components
meant for high-frequency operation are also crucial in the
context of high-frequency converter design.

This Special Issue comprises 25 articles presenting recent
research trends and cutting-edge results in the field of high-
frequency power conversion.

A. Topologies for High-Frequency Power Conversion

In the first article, by S. Lim, A. J. Hanson,
J. A. Santiago-González, and D. J. Perreault, “Bus converter
using isolation capacitance for ZVS and invariant operation,”
an isolated converter operating at MHz frequencies is
proposed in which Y-rated isolation capacitors are employed
to ensure ZVS operation and to achieve load-independent
dead times in both the inverter and rectifier sides.

A very high-frequency bidirectional dc-dc converter struc-
ture capable of wide voltage conversion ratios is presented
in L. Gu, K. Surakitbovorn, G. Zulauf, S. Chakraborty, and
J. Rivas-xDavila, “High-frequency bidirectional resonant con-
verter for high conversion ratio and variable load operation.”
The proposed topology, presented both in its single-phase and
interleaved versions, consists of an inverter stage and a rectifier
stage interfaced by a narrowband matching network.

Another bidirectional dc–dc architecture is discussed in the
third article, by Y. C. Liu, C. Chen, K. D. Chen, Y. L. Syu, and
N. A. Dung, “High-frequency and high-efficiency isolated two-
stage bidirectional DC–DC converter for residential energy
storage systems,” where a combination between an open-loop
controlled CLLC isolated bidirectional converter and a buck
stage is exploited to enable highly efficient bidirectional power
processing.

Another topological combination is discussed in, H. Lei,
R. Hao, X. You, and F. Li, “Nonisolated high step-up soft-
switching DC–DC converter with interleaving and Dickson
switched-capacitor techniques.” Here, a high step-up soft-
switched hybrid converter is obtained by composing an inter-
leaved boost converter and switched-capacitor charge pumps.

High-frequency approaches and techniques are especially
crucial in the context of wireless power transfer (WPT)
applications. In the following article, by S. Sinha, A. Kumar,
B. Regensburger, and K. K. Afridi, “Active variable reactance
rectifier—A new approach to compensating for coupling vari-
ations in wireless power transfer systems,” an approach is
introduced to compensate for coupling variations in capacitive
WPT systems.

In the sixth article, by T. McRae, A. Prodic, S. Chakraborty,
W. McIntyre, and A. Aguilar, “A hybrid multi-output divided
power converter for LED applications,” another hybrid con-
verter topology is proposed as a compact multioutput LED
driver. The authors discuss an optimization method for the
proposed topology, as well as a sensorless current balancing
provision.

The last two articles of this section focus on ac–dc applica-
tions. In “Analysis and design of a resonant power converter
with wide input voltage range for AC/DC applications,” by
F. M. Spliid and A. M. Ammar, conditions are derived to
operate a class DE resonant converter in a constant input
impedance fashion and with a constant output voltage, there-
fore operating as a PFC rectifier. A combination between a
class DE resonant rectifier with a charge pump to achieve PFC
functionality is further analyzed in “Analysis and design of a
charge-pump-based resonant AC-DC converter with inherent
PFC capability” by A. M. Ammar, F. M. Spliid, Y. Nour, and
A. Knott.

B. Control and Modeling Techniques

The first article in this section focuses on switched capacitor
converters employed in point-of-load applications. A control
technique embedding flying capacitor voltage regulation is
proposed in “Flying capacitor voltage programmed mode
control for switched capacitor converters,” by T. McRae,
T. Souvignet, B. Eleftheriades, A. Prodic and B. Allard, which
leads to strongly improved dynamic performance.

In “Multi-Loop Control for Power Transfer Regulation in
Capacitive Wireless Systems by Means of Variable Matching
Networks,” E. Abramov and M. M. Peretz propose and analyze
a controller for a capacitively coupled WPT system employing
variable inductors.

A high-frequency and digitally controlled bidirectional con-
verter for battery charging applications is studied in “High
Switching Frequency TCM Digital Control for Bidirectional
Interleaved Buck Converters Without Phase Error for Battery
Charging,” by Y. C. Liu, Y. L. Syu, N. A. Dung, C. Chen,
K. D. Chen and K. A. Kim. In this article, the authors



specifically focus on reducing the phase error between the
interleaved phases due to high-frequency operation.

In the next article, by J. Chen, Y. Chen, L. Tong,
L. Peng and Y. Kang, “A Back-Propagation Neural Network
based Explicit Model Predictive Control for DC-DC convert-
ers with High Switching Frequency,” the authors focus on
offline-calculated control laws for converters operating over a
wide operating range. To alleviate the typically large storage
and computational requirements, an offline-trained pipelined
neural network is employed in the converter to generate the
online duty cycle.

A control technique for PFC rectifiers is disclosed in
“A High-Frequency Power Factor Correction Stage with Low
Output Voltage,” by A. J. Hanson and D. J. Perreault, where
authors propose the use of a noninverting buck-boost topology
to simultaneously achieve ZVS across the line cycle and low
output voltage.

An accurate model for class DE resonant converters operat-
ing at high frequency is presented in “An Improved Linear
Model for High Frequency Class-DE Resonant Converter
using the Generalized Averaging Modeling Technique,” by N.
J. Dahl, A. M. Ammar, A. Knott and M. A. E. Andersen. In the
article, the authors employ the generalized average modeling
technique to account for the effect of multiple harmonics,
as well as to include parasitic effects accurately.

C. Design Approaches for High-Frequency Converters

High-frequency power conversion entails the formula-
tion of innovative design concepts. In the first article of
this section, by K. Surakitbovorn and J. M. Rivas-Davila,
“A Method to Eliminate Discrete Inductors in a Class-E
Inverter used in Wireless Power Transfer Applications,” the
authors propose a design approach in which magnetizing and
leakage inductances of WPT coils are conflated in the design
of a class-E resonant inverter and assume the role of soft-
switching and filter inductances. This leads to the elimination
of bulky discrete inductances.

Control and design of a high power density GaN-based
13-level flying-capacitor inverter is disclosed in “Design and
Control of a GaN-based, 13-level, Flying Capacitor Multilevel
Inverter” by C. B. Barth, P. Assem, T. Foulkes, W. H. Chung,
T. Modeer, Y. Lei, R. C. N. Pilawa-Podgurski.

In the article, authors provide detailed design considera-
tions encompassing level number selection, flying capacitor
and inductor selection, as well as control related discussions
regarding flying capacitor voltage balancing. An in-depth
analysis of thermal management issues is also provided.

In the article, by Z. Liao, D. J. Lohan, N. C. Brooks,
J. T. Allison and R. C. N. Pilawa-Podgurski, “A System-
atic Design Methodology for Series-Stacked Energy Decou-
pling Buffers Based on Loss-Volume Pareto Optimization,”
the authors discuss a detailed multi-objective optimiza-
tion methodology for dc-side energy decoupling converters
employed in inverter or rectifier applications. The authors
validate their approach via an experimental comparison
between converter designs corresponding to different points
on the determined loss/volume Pareto front, demonstrating a

systematic improvement of energy utilization of the energy
buffering capacitors over previously reported literature.

An important class of high-frequency converters, i.e. track-
ing power supplies (TPS) employed for fast modulation of
linear power amplifies (LPAs) supply rails, is addressed in
“Design Considerations for Hybrid, Energy-Efficient and Fast
Industrial Power Amplifiers with Supply Modulation” by
V. Z. Lazarevic, M. Vasic, E. Boere, J. Eltze and J. A.
Cobos. In the article, a hybrid TPS based on a GaN multilevel
converter coupled with an analog multiplexing network is
employed to modulate the supply rails of an LPA.

The design and optimization of the power supply for a
10 kV SiC MOSFET isolated gate driver is presented in “High-
Density Current-Transformer Based Gate-Drive Power Supply
with Reinforced Isolation for 10 kV SiC MOSFET Modules”
by J. Hu, J. Wang, R. Burgos, B. Wen and D. Boroyevich.
In the article, a multi-objective optimization method for the
selection of the driver transformer is also disclosed.

An integrated PLL implementation for high-frequency syn-
chronous rectifiers aimed at replacing traditional diode-based
rectifiers is presented in “Synchronous Rectifier for High-
Frequency Switch Mode Power Supplies using Phase Locked
Loops,” by J. C. Hertel, J. E. F. Overgaard, I. H. H. Jørgensen,
T. M. Andersen, M. Rødgaardy, and A. Knott. The article
reports the complete system analysis and design, and identifies
critical tradeoffs between the PLL locking time and its loop
stability.

D. Characterization of Active and Passive Components
for High-Frequency Applications

Both semiconductor devices and passive components are
critical in high-frequency applications, and methodologies for
their experimental characterization are of crucial relevance.
In the first article of this section, “Experimental characteriza-
tion of Silicon and Gallium Nitride 200 V Power Semicon-
ductors for Modular/Multi-Level Converters Using Advanced
Measurement Techniques,” by M. Guacci, J. A. Anderson,
K. L. Pally, D. Bortis, J. W. Kolar, M. J. Kasper, J. Sanchez,
and G. Deboyx, an experimental comparison is carried out
between silicon and GaN 200 V transistors employing a novel
calorimetric measurement method, providing insight regarding
the end performance of these devices in typical high-frequency
applications.

In “A 48 V:16 V, 180 W Resonant Switched Capacitor
Converter with High-Q Merged Multiphase LC Resonator,” by
P. H. McLaughlin, P. A. Kyaw, M. H. Kiani, C. R. Sullivan
and J. T. Stauth, LC resonators are employed in a hybrid
switched-capacitor converter topology to improve efficiency
and power density. Such resonators are created by combining
the converter flying capacitors with discrete coupled inductors
to form a single component, the advantages and properties of
which are analyzed theoretically, by simulation and verified
experimentally.

In “Effect of class 2 ceramic Capacitor Variations on
Switched Capacitor and Resonant Switched Capacitor Con-
verters,” by J. Xu, L. Gu, and J. Rivas-Davila, various
important parametric variations exhibited by Class 2 ceramic
capacitors due to aging, temperature, and voltage bias are



evaluated experimentally, and their impact on a resonant
switched-capacitor converter is discussed in detail.

A lumped-component thermal model for inductors based
on modern nanocrystalline materials aimed at high-frequency,
high power density applications is developed in “Rapid Ther-
mal Analysis of Nanocrystalline Inductors for Converter Opti-
mization” by Scoltock, Y. Wang, G. Calderon-Lopez, and
A. J. Forsyth. Accuracy of the lumped model, which accounts
for nonuniform core loss distribution effects, is validated via
comparison with finite element analysis techniques.

In the last article of this Special Issue, by C. Reiman
and E. Rosenbaum, “Numerical Methods for Event-Detection
State Vector Simulation of Switched-Mode Power Supplies,”
a numerical method for simulating very high-order sys-
tems is presented. The approach, attractive in the context
of accurately simulating the many capacitive and inductive
parasitic effects in high-frequency converters, is shown to
exhibit a much faster simulation time compared with per-
formances of traditional circuit-level or system-level software
tools.
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