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Constant switching frequency buck converter
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Inductor current ripple:

Inductor (core and winding) loss
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L

Inductor current ripple:

Inductor (core and winding) loss

Peak and RMS semiconductor current:

Switching and conduction loss

Capacitor ripple and lossL and its ESR will also affect control loop dynamics
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Resonant inductor

L

ESR

Transformer

Lmag

ESR

Lleak

Affect switching frequency

Switching loss,

ripple, cap. loss
Magnetics loss

We can pick L, Lmag and design to spec

but we do not know ESR, Lleak without designing the magnetics
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• What is L?

• An electrical attribute of a magnetic circuit

• Pick L – try to design the magnetic circuit – might conclude it’s best 

to pick a different L!
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• Change the magnetic circuit and L – now many other properties of 

the electric circuit change

• It would be best to concurrently design both circuits, and 

immediately see the effect of one on the other

• The SIMPLIS Magnetics Design Module (MDM) enables this
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• Custom ELP core with one air 

gap

• Core material with square wave 

voltage (triangular flux wave) 

loss measurements
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• 2-layer board with 2 oz copper –

modeled as a rectangular wire

• 1.6 mm FR4 layer in between 

copper layers
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• 4-layer board with 1 oz copper – modeled 

as bifilar rectangular wire
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• Output voltage

• Inductor current

• Switching node

Inductor current and voltage 

are sent to MDM for post-

processing
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Detailed loss 

breakdown
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Effect of proximity loss 

(including air gap fringing 

flux and the core)
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• 4-layer inductor has slightly lower 

losses (by 30 mW or 11.8%) than 

the 2-layer

• Due to the different arrangement of 

windings in the core window, using 

a 4-layer board eliminated the 

proximity losses of the 2-layer 

example (33 mW)

• However using a thinner copper 

layer added 23 mW of skin effect 

losses, which were not present in 

the 2-layer board
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… special thanks to 

Jon Hancock

Used with permission of author
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Vin = 380 +/- 30 Vdc

Vout = 12 Vdc @ 50A

Efficiency > 97.5% @ 25A
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• Non-interleaved windings

• Litz wire for primary, large solid round wire for 

secondaries

• Fairly large pot core, 

TDK PC95 material
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Large core, very low core 

loss

Low conduction losses

Very large proximity and 

total loss!
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Large proximity losses in 

the secondary winding
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• Non-interleaved 

windings

• Same PC95 material, 

but much smaller PQ35 

core

• Bifilar litz wire 

for primary, 

foil windings 

for the 

secondaries
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Transformer ~5x smaller, 

hence much larger core 

loss

Conduction loss a bit 

higher, but proximity loss 

is almost zero!
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Total losses are reduced by ~2.6x 
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• Final step: interleave primary and secondary 

winding
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Also, lower conduction 

since secondary (80 A 

peak) is shorter

Interleaving: ~7x smaller leakage 

inductance


