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Ceramic Capacitor Impedance and Resistance

Capacitor data sources
• Murata Simsurfing
• TDK SEAT

https://m.samsungsem.com/global/product/passive-
component/mlcc.do



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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1206



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

SiC Si Superjunction Si



Inductor Design



Tiny Box Comments

• Many nonlinear and complex loss phenomena in magnetics
• Online tools from manufacturers are usually poor predictors of 

performance with large, high-frequency ripple



POL Inductors
e.g. Coilcraft XEL5020
• 0.68μH, 8.9mΩ DCR
• PDC = 890mW
• 12Arms for 40°C temp rise



• Current profile at high frequency is 
exponential function of distance 
from center with characteristic 
length δ

Skin Effect in Copper Wire
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Skin Depth



• In foil conductor closely spaced 
with h >> δ, flux between layers 
generates additional current 
according to Lentz’s law.

• Power loss in layer 2:

• Needs modification for non-foil 
conductors
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Proximity Effect

See Fundamentals of Power Electronics, Section 13.4



Simulation Example





Frequency: 1 kHz



Frequency: 100 kHz



Frequency: 1 MHz



Frequency: 10 MHz



Litz Wire

• Braided, insulated strands with 
d<<δ

• Now has strand/bundle/wire level 
ac resistance effects

• Significantly lower resistance in a 
bounded frequency range

Patrick Fouassier, "Practical Guidelines for Litz Wire Selection and AC Copper Losses Estimation“
C. Sullivan, “High-Frequency Magnetics Design: Overview and Winding Loss”



• Near air gap, flux may bow out significantly, causing additional 
eddy current losses in nearby conductors

Fringing



Physical Origin of Core Loss

• Magnetic material is divided into “domains” of saturated material
• Both Hysteresis and Eddy Current losses occur from domain wall shifting

Reinert, J.; Brockmeyer, A.; De Doncker, R.W.; , "Calculation of losses in ferro- and ferrimagnetic materials based 
on the modified Steinmetz equation,"



Inductor Core Loss
• Governed by Steinmetz 

Equation:

• Parameters Kfe, α, and β
extracted from 
manufacturer data

• Δ𝐵∝ Δ𝑖௅ → small losses 
with small ripple

𝑃௩ ൌ 𝐾௙௘𝑓௦
ఈ Δ𝐵 ఉ [mW/cm3]

𝑃௙௘ ൌ 𝑃௩𝐴௖𝑙௠ [mW]



Steinmetz Parameter Extraction



Ferroxcube Curve Fit Parameters



NSE/iGSE

Van den Bossche, A.; Valchev, V.C.; Georgiev, G.B.; , "Measurement and loss model of ferrites with non-sinusoidal waveforms,“
K. Venkatachalam; C. R. Sullivan; T. Abdallah; H. Tacca, “Accurate prediction of ferrite core loss with nonsinusoidal waveforms using only Steinmetz parameters”
C. Sullivan, “Overview of core loss prediction (and measurement techniques) for non-sinusoidal waveforms”

Simple Formula for Square-wave 
voltages:


