
Split‐Phase Control
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LTSpice Simulation
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Complete Soft Charging

Y. Lei and R. Pilawa, “A General Method for Analyzing Resonant and Soft-Charging Operation of Switched-Capacitor Converters” TPEL 2014
S. R. Pasternak, M. H. Kiani, J. S. Rentmeister and J. T. Stauth, “Modeling and Performance Limits of Switched-Capacitor DC–DC Converters Capable of Resonant Operation With a 

Single Inductor”,  JESTPE 2017



FCML and SC Buck



Types of Capacitors

Murata, Capacitor Guide



Ceramic Capacitor Impedance and Resistance

Capacitor data sources
• Murata Simsurfing
• TDK SEAT



MLCC 

• Capacitor codes, e.g. X7R or C0G standardized to define 
stability over temperature
− Class‐II: Codes begin with X, Y, or Z (e.g. X7R, Y5V)

− Class‐I: Codes begin with [CBLAMPRSTVU] (e.g. C0G, NPO)



2.2μF, 50V X7R (Class‐II) 0603 footprint

Remaining: 7.2% at full voltage



10nF, 50V C0G (Class‐I) 0603 footprint



10nF, 50V X7R (Class‐II) 0603 footprint



10nF, 50V C0G (Class‐I) varied footprint
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Same 0603 Footprint

2.2μF X5R
10nF C0G



Class‐II Capacitor Hysteresis Loss

D. Menzi, D. Bortis, G. Zulauf, M. Heller and J. W. Kolar, “Novel iGSE-C Loss Modeling of X7R Ceramic Capacitors,” TPEL 2020



Coss Hysteresis

G. Zulauf, S. Park, W. Liang, K. N. Surakitbovorn and J. Rivas-Davila, "COSS Losses in 600 V GaN Power Semiconductors in Soft-Switched, High- and Very-High-
Frequency Power Converters,“ TPEL 2028



Transistor Structure and Material

G. Zulauf, Z. Tong and J. Rivas-Davila, "Considerations for Active Power Device Selection in High- and Very-High-Frequency Power Converters," COMPEL 
2018
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