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BACKGROUND

EVALUATION OF DIFFERENT ASSUMPTIONS

EXPERIMENTAL VERIFICATIONS

REDUCE PARASITIC CAPACITANCE

Developed power stack:

• Efficiency >99 % (measured in 50 kW)
• Increase 3% efficiency at the full converter stage
• Save 126 million Danish kroner @ 2022
• Greener transition with less copper

• Switching frequency: 5-10 kHz
• dv/dt > 100 kV/μs (world record at 250 kV/us)
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10 kV SiC MOSFET 
bare die

• EMI issues
• Significant capacitive current circulating in the circuit

• Accelerate the aging of transistors
• Slow down the switching speed and cause extra losses on

transistors

Parasitic capacitance is more important in medium-voltage
inductors !

PROBLEM FORMULATION
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• Energy-conservation method
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The total equivalent 
capacitance of inductor will 
converge with increasing 

number of turns

The total equivalent 
capacitance of inductor will 

increase with increasing 
number of turns
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At least one of the methods is incorrect to calculate the
parasitic capacitance before first resonantfrequency.
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Energy-conservation based method
Lumped-capacitor-network method
Original circuit solved by LTspice
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Two physic-based analytical method for modelling parasitic
capacitance in inductor with applying different assumptions

Impedance measurement in LTspice

Lumped-circuit-network 
method:

• more errors around the first 
resonant frequency

• fit perfectly after the last 
resonant frequency

Energy-conservation method:

• less errors around the first 
resonant frequency

Who is correct? Where do the 
errors come from?

Voltage distribution in energy-conservation-
based method (by assumptions)
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Energy conservation based method
Lumped capacitor network method
LTspice simulation at the first resonant frequency
LTspice simulation after the last resonant frequency

Calculation and simulation results of parasitic 
capacitance

• LTspice simulation:

• Voltage distribution
• Linear before the first resonant frequency
• Nonlinear after the first resonant frequency
• Almost linear around the first resonant frequency

• Parasitic capacitance
• Be constant with the increasing number of turns after the last

resonant frequency
• Increase with the increasing number of turns at the first resonant

frequency

• Lumped-capacitor-network method:

Voltage distribution is nonlinear and parasitic capacitance is
constant with the increasing number of turns, which is accurate
to predict the parasitic capacitance after the last resonant
frequency.
•

• Energy-conservation based method:

Voltage distribution is linear and parasitic capacitance
increases with the increasing number of turns, which is more
accurate to predict the parasitic capacitance at the first
resonant frequency.
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• Lumped-circuit-network method
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Voltage distribution in original circuit
(simulated by LTspice)

Voltage distribution in lumped-capacitor-
network (simulated by LTspice)

Number of turns (Turns)

Pa
ra

sit
ic

 C
ap

ac
ita

nc
e a

t t
he

 fi
rs

t r
es

on
an

t f
re

qu
en

cy
 (p

F)

45 50 55 60 65 70 75 80
0

5

10

15

20

25

30
Experimental measurements
Energy-conservation-based method (p2 = 0.1 mm)
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Lumped-capacitor-network method (p2 = 0.3 mm)
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Experimental measurements
Energy-conservation-based method (p2 = 0 mm)
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Lumped-capacitor-network method (p2 = 0.05 mm)
Lumped-capacitor-network method (p2 = 0 mm)
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Parasitic capacitance 
in toroidal inductor

Parasitic capacitance 
in E-E inductor

Energy-conservation based method is more accurate to predict
the parasitic capacitance at the first resonant frequency.

Pros: 
Parasitic capacitance contributed 
by two adjacent layers can be 
significantly reduced
Insulation strength can be icreased
Cons: 
Power density will be slightly 
increased
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30 mH

49.3 pF

30 mH

1020 pF

30 mH

• Insertion of spacers

Pros: 
Parasitic capacitance contributed 
by two adjacent layers can be 
reduced by 50%-75%
Cons: 
Parasitic capacitance contributed 
by winding and core will be slightly 
increased
Only applicable for multiple-
winding strcture

• Using series connections in multiple windings

Pros: 
Parasitic capacitance contributed 
by two adjacent layers can be 
reduced by 50% with two sub-
sections
Cons: 
Parasitic capacitance contributed 
by winding and core will be slightly 
increased
Manufacture complexity is
significantly increased

• Using ‘multi-section’ windings
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79.1pF

17.2pF
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