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Agenda

 How to choose a power Inductor ?

 Electromagnetism

• Permeability

• Effect of air gap

 SMPS Topologies

• Buck

• Boost

• Sepic

 Inductance Parameter  & selection

 Inductor Losses

• Copper losses

• Core losses

 Inductor design

 Tools
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 EMC recommendations
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HOW TO CHOOSE A POWER INDUCTOR 
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HOW TO CHOOSE A POWER INDUCTOR

Size

Efficiency

Temperature

Current 
Which one?

EMC

Application
Voltage 
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ELECTROMAGNETISM AND PHYSIC
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MAXWELL’S EQUATIONS

 Integral forms

Gauss’ law for electrostatics

Gauss’ law for magnetism

Faraday’s law of induction

Ampere’s law
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 Differential forms
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ELECTROMAGNETISM : Magnetic flux density

current I
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ELECTROMAGNETISM : Magnetic Field
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The magnetic field strength is 

dependent on:

• geometries

• number of turns

• current 

but 

NOT ON MATERIAL
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ELECTROMAGNETISM : Permeability

S

O

U

T

H

N

O

R

T

H

Free space

µ0= 4. 𝜋. 10−7
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In material

𝐵 = µ0 ∗ 𝐻

µ𝑟 = Relative Permeability
µ  = Absolute relativity                      = vacuum permeability

𝐵 = µ0𝐻 + µ0Ԧ𝐽

Ԧ𝐽 = χ𝐻

𝐵 = µ0 1 + χ 𝐻

𝐵 = µ0 ∗ µ𝑟 ∗ 𝐻 𝐵 = µ ∗ 𝐻

: a defined vector quantity

𝜇𝑟 𝑜𝑓 𝑎𝑖𝑟 = 1
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ELECTROMAGNETISM : Permeability

The relative permeability is sensitive to pressure. 

Pressure

Ferrite 

Toroidal

Core

LCR Meter
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ELECTROMAGNETISM : Permeability Vs Material

Fe

MnZn

NiZn

WE-PERM

Metal Alloy/ 

NiZn/MnZN

NiZn / MnZn

Superflux

Hyperflux

Metal Alloy

Typical Permeability:

- Iron Powder                     =    50 ~ 150

- Nickel Zinc (NiZn)            =    40 ~ 1500

- Manganese Zinc (MnZn)  =  300 ~ 20000

Material used
𝜇𝑟 =

1

𝜇0
.
Δ𝐵

Δ𝐻
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ELECTROMAGNETISM : Permeability Vs Frequency

Storage application guide
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ELECTROMAGNETISM : Permeability Vs Temperature
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ELECTROMAGNETISM : Impact of the Air Gap

µr = relative permeability

N = No. of turns

Aeff = effective magnetic area

leff = effective magnetic length in the core

lgap = effective magnetic length in air

R        = Reluctance

Distributed 

air Gap

 Decrease inductance value

 Inductance is less 

dependent on core 

permeability 

𝐿 =
(µ𝑜 ∗ µ𝑟 ∗ 𝐴𝑒𝑓𝑓 ∗ 𝑁

2)

𝑙𝑒𝑓𝑓 + 𝑙𝑔𝑎𝑝 ∗ µ𝑟

𝑅𝑐𝑜𝑟𝑒 =
𝑙𝑒𝑓𝑓

µ𝑜 ∗ µ𝑟 ∗ 𝐴𝑒𝑓𝑓

𝑅𝑔𝑎𝑝 =
𝑙𝑔𝑎𝑝

µ𝑜 ∗ 𝐴𝑒𝑓𝑓

𝐿 =
𝑁2

𝑅𝑐𝑜𝑟𝑒 + 𝑅𝑔𝑎𝑝

<𝑙𝑔𝑎𝑝

𝑙𝑔𝑎𝑝

𝑙𝑔𝑎𝑝
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ELECTROMAGNETISM : Impact of the Air Gap

 Effect of air gap

 Increase saturation current 𝐵 𝑠𝑎𝑡

Ф = 𝐵 𝐴𝑐

− 𝐵 𝐴𝑐

𝐻𝑐𝑛 𝐼𝑠𝑎𝑡1 𝑛 𝐼𝑠𝑎𝑡2
Ф𝑠𝑎𝑡 = 𝐵𝑠𝑎𝑡𝐴𝑐

𝐼𝑠𝑎𝑡 =
𝐵𝑠𝑎𝑡𝐴𝑐

𝑛
∗ 𝑅𝑐𝑜𝑟𝑒 + 𝑅𝑔𝑎𝑝

𝑛 𝑖

1

ℜ𝑐𝑜𝑟𝑒 + ℜ𝑔𝑎𝑝

1

ℜ𝑐𝑜𝑟𝑒
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• Same inductance value.

• 1.7A shielded

• 3.0A unshielded

• 4.5A distributed air gap

• Typical hysteresis loop of hard ferromagnetic 

iron powder material.

ELECTROMAGNETISM : Impact of the Air Gap
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SMPS TOPOLOGIES
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SMPS : Concept (Buck)
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Vin > Vout
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Vout
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BUCK CONVERTER : Topology

Switch Closed Switch Open
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BUCK CONVERTER : Inductor calculation

𝐼 𝐿 𝑎𝑣𝑒

𝐼 𝐿 𝑚𝑖𝑛

𝐼 𝐿 𝑚𝑎𝑥 ∆𝐼

2

𝑡𝑠𝐷 ∗ 𝑇 1 − 𝐷 ∗ 𝑇
𝑇𝑂𝑁 𝑇𝑂𝐹𝐹

iL

∆𝐼 ∆𝐼

2

(𝐼𝐿𝑚𝑎𝑥 − 𝐼𝐿𝑚𝑖𝑛)=∆𝐼 = 𝑟 ∗ 𝐼𝑜𝑢𝑡

𝐿 ∗ (𝐼𝐿𝑚𝑎𝑥 − 𝐼𝐿𝑚𝑖𝑛)= (Vin – Vout) ∗DT

@𝐷𝑇 𝑉𝐿 = 𝐿
𝑑𝑖𝐿
𝑑𝑡

𝐿 =
𝑉𝑖𝑛 − 𝑉𝑜𝑢𝑡 ∗ 𝐷

𝑓𝑠𝑤𝑖𝑡𝑐ℎ ∗ 𝑟 ∗ 𝐼𝑜𝑢𝑡
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BUCK CONVERTER : Inductor calculation

𝐼 𝐿 𝑎𝑣𝑒

𝐼 𝐿 𝑚𝑖𝑛

𝐼 𝐿 𝑚𝑎𝑥

𝑡𝑠𝐷 ∗ 𝑇 1 − 𝐷 ∗ 𝑇
𝑇𝑂𝑁 𝑇𝑂𝐹𝐹

iL

𝐿 =
𝑉𝑖𝑛 − 𝑉𝑜𝑢𝑡 ∗ 𝐷

𝑓𝑠𝑤𝑖𝑡𝑐ℎ ∗ 𝑟 ∗ 𝐼𝑜𝑢𝑡

∆𝐼∆𝐼∆𝐼

𝐿 ↑⇒ 𝑟 ↓

𝐿 ↓⇒ 𝑟 ↑

Cin
Cout

D

L

SwitchVIn

VOut

VD
Rload

IIn
+

-

IoutIL

VL
VT



25

Date 22.05.2017   |  Lorandt Fölkel |   Public/ Confidential / External Use |  Webinar  May 2017

© All rights reserved by Würth Elektronik eiSos GmbH & Co.KG, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com

BOOST

DC

DC

+

IoutIin

RloadVIn

-

Vout

+

-

Vin < Vout

Vin

Vout



26

Date 22.05.2017   |  Lorandt Fölkel |   Public/ Confidential / External Use |  Webinar  May 2017

© All rights reserved by Würth Elektronik eiSos GmbH & Co.KG, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us. www.we-online.com

BOOST CONVERTER : Topology
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BOOST CONVERTER : Inductor calculation

Cin
Cout

DL

SwitchVIn

VOut

VD
Rload

IIn
+

-

Iout IL

VL

 IT

VT

Iin ≈ IL ≈
Vout ∗Iout

Vin

IL > I out 𝐿 =
𝑉²𝑖𝑛 ∗ 𝐷

𝑓𝑠𝑤𝑖𝑡𝑐ℎ ∗ 𝑟 ∗ 𝑉𝑜𝑢𝑡 ∗ 𝐼𝑜𝑢𝑡

𝐿 =
𝑉𝑖𝑛 ∗ 𝐷

𝑓𝑠𝑤𝑖𝑡𝑐ℎ ∗ 𝑟 ∗ 𝐼𝐿

𝐿 =
𝑉𝑜𝑢𝑡 ∗ 𝐷 ∗ (1 − 𝐷)²

𝑓𝑠𝑤𝑖𝑡𝑐ℎ ∗ 𝑟 ∗ 𝐼𝑜𝑢𝑡
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BOOST CONVERTER : Inductor calculation

𝐼 𝐿 𝑎𝑣𝑒

𝐼 𝐿 𝑚𝑖𝑛

𝐼 𝐿 𝑚𝑎𝑥

𝑡𝑠𝐷 ∗ 𝑇 1 − 𝐷 ∗ 𝑇
𝑇𝑂𝑁 𝑇𝑂𝐹𝐹

iL

∆𝐼∆𝐼∆𝐼

𝐿 ↑⇒ 𝑟 ↓

𝐿 ↓⇒ 𝑟 ↑
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VT𝐿 =
𝑉𝑜𝑢𝑡 ∗ 𝐷 ∗ (1 − 𝐷)²

𝑓𝑠𝑤𝑖𝑡𝑐ℎ ∗ 𝑟 ∗ 𝐼𝑜𝑢𝑡
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BUCK and BOOST CONVERTER : Summary

BUCK BOOST
Iout … operating current

Vout … output voltage

Vin … input voltage

fswitch … switching frequency of 

IC

Rated current

𝐷 = 1 −
𝑉𝑖𝑛

𝑉𝑜𝑢𝑡

𝐷 =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛

𝐿 =
𝑉𝑖𝑛 − 𝑉𝑜𝑢𝑡 ∗ 𝐷

𝑓𝑠𝑤𝑖𝑡𝑐ℎ ∗ 𝑟 ∗ 𝐼𝑜𝑢𝑡
𝐿 =

𝑉𝑜𝑢𝑡 ∗ (1 − 𝐷)²𝐷

𝑓𝑠𝑤𝑖𝑡𝑐ℎ ∗ 𝑟 ∗ 𝐼𝑜𝑢𝑡

𝐼
𝐿𝑅𝑀𝑆

=
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛

∗ 𝐼 𝑜𝑢𝑡_𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛
𝐼
𝐿𝑅𝑀𝑆

≈ 𝐼 𝑜𝑢𝑡_𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛

𝑟 ≈ 0,2 𝑡𝑜 0,4
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SMPS : Efficiency
E
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INDUCTOR PARAMETER & SELECTION
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INDUCTOR SELECTION : Inductance value Buck

𝐿 =
𝑉𝑖𝑛 − 𝑉𝑜𝑢𝑡 ∗ 𝐷

𝑓𝑠𝑤𝑖𝑡𝑐ℎ. 𝑟. 𝐼𝑜𝑢𝑡

• 𝑉𝑖𝑛 = 24𝑉
• 𝑉𝑜𝑢𝑡 = 5𝑉
• 𝐼𝑜𝑢𝑡 = 2𝐴
• 𝐹𝑠𝑤 = 535 𝑘𝐻𝑧
• 𝑉𝑠𝑤 = 0,3𝑉
• 𝑉𝐷 = 0,3𝑉

𝐷 =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛

𝐷3 =
𝑉𝑜𝑢𝑡 + 𝑉𝑑

𝑉𝑖𝑛 − 𝑉𝑠𝑤 + 𝑉𝑑

𝐷 = 0,208 𝐷3 = 0,22

𝑟 = 40%

𝐿 = 9,3µ𝐻 − 9,7µ𝐻

𝑟 = 20%

𝐿 = 18,5µ𝐻 − 19,4µ𝐻

𝐼𝑛𝑜𝑚 = 𝐼𝑜𝑢𝑡

𝐼𝑝𝑒𝑎𝑘 =2,2A 

𝐼𝑝𝑒𝑎𝑘 = 𝐼𝑜𝑢𝑡 +
∆𝐼

2

𝐼𝑝𝑒𝑎𝑘 =2,4A 

Standard value :  8,2µH; 10µH, 12µH, 15µH, 18µH, 22µH 

Cin
Cout

D

L

SwitchVIn

VOut

VD
Rload

IIn
+

-

IoutIL

VL
VT
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• Inductance is measured with LCR meter

With a specific set up

INDUCTOR SELECTION : Inductance value
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INDUCTOR SELECTION : Rated Current

40K

Rated Current : IR 
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Impact of the setup

INDUCTOR SELECTION : Rated Current

Rated current is link to 

the RDC of the Inductor
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INDUCTOR SELECTION : L vs Current

safe operation area

total saturation area

critical operating 

area
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INDUCTOR SELECTION : Saturation effect
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• The current that causes an inductance 

drop compared to it initial inductance 

value. In most cases for our inductors a 

drop of 10% is specified. 

INDUCTOR SELECTION : Saturation Current
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𝐼𝑠𝑎𝑡 = 𝐷𝑒𝑝𝑒𝑛𝑑 𝑜𝑛 𝑡ℎ𝑒 𝑑𝑒𝑓𝑖𝑛𝑖𝑡𝑖𝑜𝑛

INDUCTOR SELECTION : Saturation Current

Δ𝐿/𝐿𝑖 =10%

Δ𝐿/𝐿𝑖 = 20%

Δ𝐿/𝐿𝑖 = 30%

10,3𝐴 11,3𝐴 12,2𝐴

WE-PD definition

𝐼𝑠𝑎𝑡 @Δ𝐿/𝐿𝑖 = 10%
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IL

𝐼𝑅 𝐼𝑛𝑑𝑢𝑐𝑡𝑜𝑟 > 𝐼𝑛𝑜𝑚

𝐼𝑠𝑎𝑡 𝐼𝑛𝑑𝑢𝑐𝑡𝑜𝑟 > 𝐼𝑝𝑒𝑎𝑘

INDUCTOR SELECTION : Current

IPeak

Inom

𝐼
𝐿𝑅𝑀𝑆

=
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛

∗ 𝐼 𝑜𝑢𝑡𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛

𝐼
𝐿𝑅𝑀𝑆

≈ 𝐼 𝑜𝑢𝑡𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛

Buck

Boost
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INDUCTOR SELECTION : Volt µseconds

Et ( in Vµsec) for the Inductor can be estimate with the formula : 

𝑉µ sec(𝐼𝑛𝑑𝑢𝑐𝑡𝑜𝑟) = 𝐿REST · 𝐼Max

Bezeichnung :

description :

Spezifikation für Freigabe / specification for release

Kunde / customer :  

  H  Induktivitätskurve / Inductance curve :

SPEICHERDROSSEL WE-PD

POWER-CHOKE WE-PD

DATUM / DATE : 2004-10-11

Artikelnummer / part number : 744770147

Induktivität vs Strom (typ.) / 

Inductance vs Current (typ.)

0,00

5,00

10,00

15,00

20,00

25,00

30,00

35,00

40,00

45,00

50,00

0,0 2,0 4,0 6,0 8,0 10,0 12,0

Current (A)

L
 (

µ
H

)

𝑉µsec(𝐿) = 5µ𝐻 ∗ 10𝐴

𝑉µsec(𝐿) = 50 𝑉µ𝑠𝑒𝑐

Imax is defined when we reach a flat zone

L REST, residual inductance value for Imax
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INDUCTOR SELECTION : Volt µseconds

Cin
Cout

D

LSwitch

VIn

VOut

VD
Rload

Cin_ripple

IIn
+

-

IoutIL

VL

𝑉µsec(𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛) = 𝑉𝐿 ∗ 𝑇𝑂𝑁

𝐷 ∗ 𝑇 1 − 𝐷 ∗ 𝑇

VL

0

Vin – Vout

– Vout

𝑇𝑂𝑁

𝑇𝑂𝐹𝐹

𝑉µsec(𝐿) = 𝐿REST · 𝐼Max

𝑉µsec(𝐿) = 𝑘 ∗ 𝐿REST · 𝐼Max

K : Security factor

K = 1 
for iron powder, Superflux based inductors

K = 0,7 
for ferrite based inductors

𝑉µ sec(𝐼𝑛𝑑𝑢𝑐𝑡𝑜𝑟) > 𝑉µsec(𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛)
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• RDC or DCR

• Depends on the following parameters

• Wire material

• Wire length

• Wire cross section

ℓ

𝜜 𝜌

INDUCTOR SELECTION : DC Resistance

𝑅𝐷𝐶 = 𝜌 ∗
𝑙

𝐴
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INDUCTOR SELECTION : Self Resonant Frequency

𝑆𝑅𝐹 ≫ 𝑆𝑤𝑖𝑡𝑐ℎ𝑖𝑛𝑔 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦

Self Resonant Frequency : SRF
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INDUCTOR SELECTION : Self Resonant Frequency

Use switching frequency for DC/DC converter up to 10% of SRF.

If it can’t be avoided, check losses

SRF

10% of SRF

Linear Impedance Scale Logarithmic Impedance Scale
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INDUCTOR SELECTION : High voltage version

Cin
Cout

D

LSwitch

VIn

VOut

VD
Rload

Cin_ripple

IIn
+

-

IoutIL

VL

VL max = 80 Vpk max 

for standard version

400 Vpk max for HV version

• Better insulated wire

• Winding testing process

• According WE-STD 1516

• WE is only manufacturer with 

statement for Voltage

Cannot be used for OFF line buck

Risk of short circuit

VL = 300V
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INDUCTOR SELECTION : High voltage version

• HV is needed when 300V to 

400V drops over the inductor

• HV is not needed in a input 

filter inductor

• 300V to 400V will drop over 

the capacitor, not the inductor

• Standard inductor can be 

chosen

𝐷 ∗ 𝑇 1 − 𝐷 ∗ 𝑇

VL

0

Vin – Vout

400V – 5V

– Vout

𝑇𝑂𝑁

𝑇𝑂𝐹𝐹

Cin

L

Vin

400V

Vout

399,5V
Rload

IIn
+

-

IoutIL

VL = 0,5V

Cout

IIn = IL = Iout
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INDUCTOR SELECTION : Derating current

Ambient temperature 

+ 

Self heating (Inductor)

• Ambient temperature : -40°C to 85°C  refering to IR
• Operating temperature : -40°C to 125°C

Only DC losses !

Operating Temperature

If ambient temperature is higher than 85°C the self heating inductor  must be reduced

𝑅𝐷𝐶𝐼
2
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INDUCTOR SELECTION : Self Heating

Ambient temperature 

+ 

Self heating (Inductor)

Operating Temperature

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑃𝐴𝐶 + 𝑃𝐷𝐶

Reduce the losses of the inductor help to

- Optimize the efficiency

- Reduce effort for cooling system 

http://www.freegifs.de/download.php?image=rauch/rauch00002.gif&host=1&id=8669
http://www.freegifs.de/download.php?image=rauch/rauch00002.gif&host=1&id=8669
http://www.freegifs.de/download.php?image=rauch/rauch00002.gif&host=1&id=8669
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INDUCTOR LOSSES
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Inductor Losses

PcopperPcorePtotal 

AC  Core losses

Hysteresis losses

Eddy current losses

DC losses – depending on DCR

AC-losses – dep. on winding structure

 Skin-Effect

 Proximity-Effect
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INDUCTOR LOSSES : Copper DC losses

𝑃𝑐𝑢 = 𝑅𝐷𝐶 ∗ 𝐼²𝑅𝑀𝑆

A

l
DCR  

m

mm²
10 · 1,786 2- 



RIP rmscu

2

ℓ

𝜜 𝜌

𝑅𝐷𝐶 = 𝜌 ∗
𝑙

𝐴 𝜌 = 1,78 ∗ 10−2
Ω . 𝑚𝑚²

𝑚

• 𝜌 : Resistivity of copper 

• ℓ : Length of wire 

• A : Cross Sectional area 

∅ = 1𝑚𝑚 ∅ = 2𝑚𝑚

A = 0,78 𝑚𝑚²

𝑅𝐷𝐶 = 23𝑚Ω

A = 3,714 𝑚𝑚²
A = 3,12 𝑚𝑚²

𝑅𝐷𝐶 = 5,7𝑚Ω
𝑅𝐷𝐶 = 5,75𝑚Ω

⇒ 4 ∗ 1𝑚𝑚 ∅

1𝑚𝑚 ∗ 4𝑚𝑚

A = 4 𝑚𝑚²

𝑅𝐷𝐶 = 4,48𝑚Ω

Flat wire

Optimization

ℓ=1m

𝑅𝐷𝐶 ↓ ⇒ 𝑃𝑐𝑢 ↓

ℓℓℓℓℓ
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INDUCTOR LOSSES : Copper AC losses, Skin effect

d @     50Hz     = 9.38 mm

d @   10kHz     = 0.66 mm

d @ 100kHz     = 0.22 mm

For Copper

𝛿 =
76

𝑓
𝑚𝑚

𝑖𝑡

Eddy  currents

Φ𝑡

Currents

density

wire

𝛿

𝑓𝑟𝑒𝑞

0 Hz kHz MHz

𝑓 ↑ ⇒ 𝑅𝐴𝐶 ↑

d = skin depth
 = resistivity
w = angular frequency 2f
µ = permeability

𝛿 =
2 ∗ 𝜌

𝑤 ∗ µ
𝑚𝑚

@ 100°C
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INDUCTOR LOSSES : Copper AC losses, Proximity effect

𝑖1

𝑖2

B2

B2

B1

B1

F1

F2

𝑖1
𝑖2

B2

B2

B1

B1

F1 F2

𝑓 ↑ ⇒ 𝑅𝐷𝐶 ↑

Like the skin effect, the 

distribution of current inside 

the wire is reduced 

A

l
DCR  

m

mm²
10 · 1,786 2- 



RIP rmscu

2

Current in same direction Current in opposite direction
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INDUCTOR LOSSES : Copper AC losses, Proximity effect

A

l
DCR  

m

mm²
10 · 1,786 2- 



RIP rmscu

2How to reduce Copper AC losses

- Multi wire

- Flat wire

ℓ

𝑅 𝑎𝑐 𝑇𝑜𝑡𝑎𝑙~
𝑛

𝑅𝑎𝑐

A = 4 𝑚𝑚²

𝐶𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 10𝑚𝑚

A = 4 𝑚𝑚²

1𝑚𝑚 ∗ 4𝑚𝑚 ∅ = 1,128𝑚𝑚

𝐶𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 7,09𝑚𝑚>
𝑅 𝑎𝑐𝐹𝑙𝑎𝑡 𝑤𝑖𝑟𝑒 < 𝑅 𝑎𝑐𝑅𝑜𝑢𝑛𝑑 𝑤𝑖𝑟𝑒
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• Steinmetz formula
B(peak) in mT

m
W

/c
m

³

ba

core BfKP 

relativer Fehler Steinmetz Formel
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Duty Cycle

Error factor

INDUCTOR LOSSES : Core losses

B

H
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B

H

major loop approach

only sine wave

Steinmetz Models

core loss only

PV= K ∙ fα ∙ ∆Bβ

PV= K ∙ fα−1 ∙ ∆Bβ×fr

PV= K ∙ feq
α ∙ ∆Bβ

INDUCTOR LOSSES : Core losses

acceptable accuracy at 50%,

even worse for other DC

0

500

1000

1500
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2500

0,1 0,3 0,5 0,7 0,9

A
c
c
u

ra
c
y

Duty Cycle

Steinmetz

Steinmetz Models
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simple Class-D amplifier complex setup to measure

Sine Wave 
Generator

Amplifier
Measurement 

Conversion

To DUT

Complex Setup to true 
Measurement

Limitation on 
Permeability

Würth AC Loss Model Steinmetz Models

INDUCTOR LOSSES : Core losses   REDEXPERT
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point of operation approach

triangular current form

Würth AC Loss Model

core loss & AC wire loss

PAC = f ( ∆I, freq, DC, k1, k2 )

INDUCTOR LOSSES : Core losses REDEXPERT

highest accuracy

over wide DC range 
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Würth AC Loss Model
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consideration of:

 real core shapes

 losses due to air gap (fringing effects)

 winding structure

consideration of:

 ring cores only

Würth AC Loss Model Steinmetz Models

INDUCTOR LOSSES : Core losses   REDEXPERT
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INDUCTOR LOSSES : AC losses Vs Core losses
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INDUCTOR LOSSES : AC losses Vs Core losses

• 𝑉𝑖𝑛 = 12𝑉
• 𝑉𝑜𝑢𝑡 = 5𝑉
• 𝐼𝑜𝑢𝑡 = 300𝑚𝐴
• 𝑉𝐷 = 0,3𝑉
• 𝐹𝑠𝑤 = 2𝑀𝐻𝑧
• 𝑟 = 50%

AC losses can be > DC Losses

AC losses < DC Losses

WE-MAPI
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www.we-online.de/REDEXPERT

Select the best inductor for 

the application

Estimate the total losses 

Estimate the self heating

World‘s Most Accurate AC Loss Model
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EMC_ INPUT FILTER
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EMC : shielded VS. unshielded

shielded unshielded

smaller leff bigger leff
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EMC : shielded VS. unshielded

unshielded shielded
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Magnetic Fields – Conducted Emission 

Measurement

Buck Converter ST L4960/2.5A/fs 85-115KHz 

Power supply V 1.0
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Magnetic Fields – Conducted Emission 

Measurement

Power supply  V 1.1

PCB

Schematic
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Layout recommendation 

Inductors are two poles only 

 but start of winding is important

 use effect of self shielding of the winding

connection switch node

“EMI hot side”
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GENERAL INFORMATION
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Trilogy of Magnetics

• 1. LTspice Book

 How to use and build spice models

• 2. Trilogy of Magnetics

 Design Guide for EMI Filter Design, SMPS & RF Circuits

• 3. Trilogy of Connectors

 Basic Principles and Connector Design Explanations

• 4. ABC of Power Modules

 Functionality, Structure and Handling of a Power Module

• 5. ABC of Capacitors

Basic principles, characteristics and capacitor types
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Don’t give up !!!

If you still have questions?

Just call us: we try to help you
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