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HOW TO CHOOSE A POWER INDUCTOR WE—-
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HOW TO CHOOSE A POWER INDUCTOR “WE—-
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EMC

Size
Current

Which one?

Voltage
Application

Temperature

Efficiency

Date 22.05.2017 | Lorandt Folkel | Public/ Cenfidential / External Use | Webinar May 2017

© All rights reserved by Wiirth Elektronik eiSos GmbH & Co0.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



=
5

WURTH ELEKTRONIK

ELECTROMAGNETISM AND PHYSIC
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MAXWELL’S EQUATIONS

= Integral forms

§ Ed,& — g Gauss’ law for electrostatics
&o

§ éd,& =0 Gauss’ law for magnetism

Edi = - 9L
— ot Faraday’s law of induction

oD

§Bd| :’uol t Ho&y ot Ampere’s law
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= Differential forms

VE=2
&o
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ELECTROMAGNETISM : Magnetic flux density WE—-
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current |

§’>|§-df=%|
B[ dl' =, |
B27zr =yl
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ELECTROMAGNETISM : Magnetic Field

Straight wire H

Toroidal

H =

solenoid

14
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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 : Magnetic Field —Wh o
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Current |

H =H,=H =
' ? 2-7-R

average

B,
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ELECTROMAGNETISM : Permeability WE—-
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In material B= o + 1/

N T T s J =X - a defined vector quantity
O "=l ee® O N

R REIIII Y B =yp,(1+xH

T -=" /, T~ ~o "\ .

H == “_-» H —

ke §=un*ur*ﬁ EZM*H

— -7
1. = Relative Permeability Mo = 4.7 10
1 = Absolute relativity = vacuum permeability

Free space

O — , O 1

O » O ,uro air — D _ T
= G T T P e e e e P IV PR P PR PRI REP PR ;U f B_HO*H
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ELECTROMAGNETISM :

Pressure

LCR Meter

N Ferri_te
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Permeability ﬁ
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105%
100%
95%
20%
85%
80%
75%
70%

65%

60%

ON 20N 40N 60N 80N 100N 120N 140N 160N 180N 200N

w—200KHz

The relative permeability is sensitive to pressure.
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ELECTROMAGNETISM : Permeability Vs Material WEe=-
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Material used 1 AB

Hr = M—O-E

Metal Alloy/

NiZn/MnZN

s M
MMNRHRTNN _ o
Typical Permeabillity:
- Iron Powder = 50~150
- Nickel Zinc (NiZn) = 40~ 1500
- Manganese Zinc (MnZn) = 300 ~ 20000

Superfiux

Fe
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Permeability - Impedance “WE—
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ELECTROMAGNETISM : Permeability Vs Frequency
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Storage application guide

PDx / PMI / LQS

_—

We—-

WURTH ELEKTRONIK

Metal Alloy/
NiZn/MnZN

NiZn-/-MnZn

MnZn

Metal Alloy
SUPErHLX
NiZn

Fe
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Ferromagnetic change
to Paramagnetic
Point reached at

-yl ___

B L ey R,

P

H, =

Curie-temperature

- —— 1l __

ELECTROMAGNETISM : Permeability Vs Temperature
M A

— — — — ). _—_ el i e sl

770

+15 %

150

85°C
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ELECTROMAGNETISM : Impact of the Air Gap WORTH ELETRONIK

L (K, * W, * Aeff + N?)

lrr + lgap * pr

Decrease inductance value

Inductance is less
dependent on core
permeability

I <lgap

Mr = relative permeability
N = No. of turns
A, = effective magnetic area
lex = effective magnetic length in the core
lp = effective magnetic length in air
R = Reluctance
_ Legy
R core A
W, * W, * Aef f
N 2
L — [
R...+ Rgap R = gap

S, * Aeff

Distributed
air Gap

i

gap
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ELECTROMAGNETISM

= Effect of air gap

> Increase saturation current

® ., = BsatAc

B, A,
n
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. Impact of the Air Gap

® =B Ac

B sat

WE=-
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Si:{core + mt%ap

v

nISatl nIsatZ ni HC

— B Ac
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ELECTROMAGNETISM : Impact of the Air Gap WORTH ELETRONIK

25

| = Same inductance value.

. 1 ﬁ_"%\ﬂ ]
] N\ N | « 1.7Ashielded

T —
\ e | © 3.0Aunshielded
> 1 \ AN T |« 4.5Adistributed air gap

| \ RSN | ;

« Typical hysteresis loop of hard ferromagnetic
’ . ’ . } . iron powder material.
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SMPS TOPOLOGIES
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SMPS : Concept (Buck) Ellﬁ
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COLI'{

o
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In
out

BUCK
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BUCK CONVERTER : Topology

Vv

L4 ]

— Switch

/o |Vo

Vv
Cln Cout OUt
v

Switch Closed Switch Open

V|_ VL
> >
I|n ir) IM IOUt N I|n ﬁ» I|_ Iout
Switch Switch
V — Rioad V, — V . § Rioad
In J— SD Vp — o n _ ZSD D p—
Cout | Vout C. Cour | Vout
Cin ou in
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BUCK CONVERTER : Inductor calculation W=
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di
L dt Iln iT) |L L Iout

Cln

T L
L * (ILmax _ Ime): (Vin out) *DT :
Vin | —= Swtc_h| No [Vo - § Rioad
t

(I o — ILMin)=Al = r * lout

(V,,—Vout) * D

L =

fswitch * 1 * lout

b4 R

A

DxT (1—-D)*T t
Ton Torr
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BUCK CONVERTER : Inductor calculation -
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Vi
lin —> I, lout

T L
. _ Wy~ Vout) xD le L suien] ZSDTVD 1] sz

fSWitCh *T * IOUt Cin

L T=rl
Li=>7r?T

D+«T  (1—-D)*T (
TON TOFF
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out

In

BOOST
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BOOST CONVERTER : Topology WE—-
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<
||
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Switch [k VT —_— Rioad
I T Cout VO ut

O

in

Switch Closed Switch Open

V, Vv
. lin Iw’ D lout . I'”_I_L,_rwvx L_L’ DN |t
Vp J V:
Vin | == Switch V; —— §R'°ad Vin | == Switch Vy L §R|oad
Cin It Cout Vout }Cin +|T Cout Vout
— iy
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BOOST CONVERTER : Inductor calculation eV ==
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Ve
L . Vin * D IIn IL L DN Iout
— " " I +to—Ppr—PpL Y Y Y ]
fswitch r L V
— D
V|n I Switch |k VT — § Rioad
Cin W Iy Cou | Vour
n
Vin

!: Vzin*D
IL>|out L=

fswitch * T * Vout * Iout

V

[ = out*D*(l_D)z

fowicen ¥ T * 1t
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BOOST CONVERTER : Inductor calculation eV ==

WURTH ELEKTRONIK

2
Vout*D*(l_D) l i .
L — Vin — Switch |<— Vo 1 §Rload
= |ve.
fSWitCh * T Iout JCin W I Cout | VOut

L T=rl
Li=>7r?T

D+T  (1-D)*T ¢
TON TOFF
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BUCK and BOOST CONVERTER : Summary W
BUCK BOOST
lout --- Operating current
Vout V. V., ... output voltage

D =

Vi, ... input voltage

V.

mn fowiten --- SWitching frequency of

IC

S
|

p—
|

r =0,2to00,4

B fswitch * 1 *x [out | / B .fswitch * 1 * [out

Rated current

I ~ | Vout

out application i — * [
RS _ Lpys V.

out application
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SMPS : Efficiency

90%

85% /

Switching losses

L>; 80% Core losses
- Copper losses
-% Rds On losses
= 75%
LLl

70%

Current
>

|1A 5A

Constant losses

%] =

Vout -

P

out __ out

V. -1

n

P, +P

in out heat

-100
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INDUCTOR PARAMETER & SELECTION
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INDUCTOR SELECTION : Inductance value Buck E_VEEO
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vV _—+Vd Vi
D = Vout D3 — e lin ﬁ’ I L lout
i
D = 0,208 D3 = 0'22 V'”l Swm ZSDIVD — § Ricad
’ Cin Cout VOut
Al Vi, = 24V
L (Vln — Vou,t) x [ Ipeak = lout + ? ¢ }/out_=25:1/
- fswitch' r.lout Inom — Iout FZ::,t= 535 kHz
Vew = 0,3V
Vp, =03V
r = 20% r =40%
Lear =2,2A [ear =2,4A
L =185uH — 19,4uH L =93uH —9,7uH

Standard value : 8,2uH; 10pH, 12pH, 15pH, 18uH, 22uH
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INDUCTOR SELECTION : Inductance value -

WURTH ELEKTRONIK

« Inductance is measured with LCR meter
With a specific set up

Electrical Properties:

Properties Test conditions Value Unit Tol.

Rated current AT=40K Ir 7.1 A max.
Saturation current IAL/LL < 10% loqt 105 A yp.
DC Resistance @ 20°C Rpe 0.013 Q iyp

DC Resistance @ 20°C Roe 0.021 Q M.

Self resonant frequency frae 21 MHz p.
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INDUCTOR SELECTION :

Rated Current : I

Electrical Properties:

Rated Current

‘ Power Supply ’

— :

Sensor
for

ambient
temperature

Temoerature measurement device

Properties Test conditions Value Unit Tol.
Inductance 1 kHz/ 250 mV L 10 pH +20%

Saturation current IAL/LL < 10% loqt 105 A yp.

DC Resistance @ 20°C Rpe 0.013 Q iyp.

DC Resistance @ 20°C Roe 0.021 Q M.

Self resonant frequency frae 21 MHz p.
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Testing
Bench

ry

Power Inductor
with sensor
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INDUCTOR SELECTION : Rated Current s ==
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Contacting The Inductor AT@9A

- WE-LHMI 7030
- 74437346220
- inductor on wires

Impact of the setup - huge clamps

30,9K

- WE-LHMI 7030

. . -74437346220
Rated current is link to _inductor orwires

the Ry of the Inductor - small clamps

35,8K

- WE-LHMI 7030

- 74437346220

- inductor on PCB

- recommended
pad design

40,0 K
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INDUCTOR SELECTION : L vs Current EVE&
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Induktivitat vs Strom (typ.) /
Inductance vs Current (typ.)
105,00
100,00

95,00 E—

~~

safe operation area

SN

90,00
85,00 AN
80,00 N
75,00 A\
70,00 N\
65,00 N
60,00 \
55,00
50,00 \
45,00 \\
40,00
35,00 \
30,00

\

L (uH)

25,00 \ .
20,00 N total saturation area

15,00
N

10,00
\

5,00
0,00

Current (A)
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INDUCTOR SELECTION : Saturation effect -

WURTH ELEKTRONIK
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INDUCTOR SELECTION : Saturation Current eV ==

WURTH ELEKTRONIK

 The current that causes an inductance
drop compared to it initial inductance

value. In most cases for our inductors a ““m“w“| (’:

SR 7

Electrical Properties:

Properties Test conditions Value
Inductance 1 kHz/ 250 mV L 10
Rated current AT=40K IR 7.1 A max.
Saturation current IAL/LI < 10% | 105 A .
DC Resistance @ 20°C Rpc 0.013 Q iyp.
DC Resistance @ 20°C Roc 0.021 Q max.
Self resonant frequency fres 21 MHz ip.
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INDUCTOR SELECTION : Saturation Current

Inductance / Current

1 4

WURTH ELEKTRONIK

Inductance (uH)
>
T~
S~
L
|l
w
S
>

...... h\

WE-PD definition
.
Isat @AL/L; = 10%
S 10 12

Current (A) 1034

\

11,34 12,24

14

)

|

W 7447709100

Isat = Depend on the definition
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INDUCTOR SELECTION : Current e

Buck

I ~ [ outapplication
RMS
Boost
Vout . .
I = * | outapplication
LRMS in
Electrical Properties:
Properties Test conditions
Inductance 1 kHz/ 250 mV L
Rated current AT=40K R IR Inductor > Inom
Saturation current AULI < 10% loat
DC Resistance @t | Ry [or Inductor > I,,q
DC Resistance @20°C Roc
Self resonant frequency fres
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INDUCTOR SELECTION : Volt pseconds W=

WURTH ELEKTRONIK

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

Vusec(Inductor) = Lpgor * Iyax

4o:oo \
35,00 \ VuSeC(L) = SIJ.H * 104

30,00

25,00 \

\ Vusec(L) = 50 Vusec

20,00 \
15,00

L (uH)

10,00 \\
5,00
0,00 A 4
0,0 2,0 4,0 6,0 8,0 10,0 12,0

Current (A)

|« IS defined when we reach a flat zone

L rest: residual inductance value for |,
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INDUCTOR SELECTION : Volt useconds WE=-

| V, i
|In Switch |L L |0ut
+o—P W'——)O—
L l

Vusec(L) = Lggst * Tyax
Vusec(L) = k * Lygsr * Iyay N

<
<—
||
oII
l/!
O
<
o
||
|
<
o
“AN
=

|n _ripple

VL A
K : Security factor V.o -V,
K=1 ol o :
for iron powder, Superflux based inductors _vV e ]
out
< »le >
K=0,7 DxT (1-D)x*T

for ferrite based inductors

Vusec(application) = VL x TON

Vusec(Inductor) > Vusec(application)

Date 22.05.2017 | Lorandt Folkel | Public/ Cenfidential / External Use | Webinar May 2017

© All rights reserved by Wiirth Elektronik eiSos GmbH & Co0.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



INDUCTOR SELECTION : DC Resistance WE=-

WUl'I'H ELEKTRONIK

« RDC or DCR
« Depends on the following parameters

 Wire material l
* Wire length R.. = p * —
« Wire cross section be A

Electrical Properties:

Properties Test conditions Value Unit Tol.
Inductance 1 kHz/ 250 mV L 10 uH +20%
Rated current AT=40K IR 71 A max.

Saturation current AULI < 10% lsat 105 A iyp.

DC Resistance @ 20°C Rp 0.013 Q iyp.

DC Resistance @20°C Rpc | 0.021 Q2 max.

Self resonant frequency freg 21 MHz ip.
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INDUCTOR SELECTION : Self Resonant Frequency —w£+

WUl'I'H ELEKTRONIK

F2 Typical Impedance Characteristics:

Self Resonant Frequency : SRF

100000
10000 .".
SRF > Switching frequency Al
2 1000 / \
Electrical Properties: ?
Properties Test conditions Value Unit Tol. p
10 -
Inductance 1 kHz/ 250 mV L 10 pH +20% =
Rated current AT=40K IR 71 A max.
Saturation current ALl < 10% lgat 105 A p. o~ " 50 .
DC Resistance @ 20°C RDC 0.013 Q typ_ ey
DC Resistance @ 20°C 0.021

—m—m |
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INDUCTOR SELECTION : Self Resonant Frequency ~ -We—-=>

WURTH ELEKTRONIK

Linear Impedance Scale Logarithmic Impedance Scale

14000 E ERRLL T 100000
12000
10000
A
10000 mn
I\
g g 1000 / \-
8 8000 @ b Y
& 3
K K
g-BDDD E /l
~ 100 S
4000 +— - 3
— 10% of SRF %
2000 — | I\ 7~
L I
! Ny
— T —
0 1
0,1 1 10 100 1000 01 ] 10 i e

Frequency [MHz] Frequency [MHz]

—

—

Use switching frequency for DC/DC converter up to 10% of SRF.
If it can’t be avoided, check losses
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INDUCTOR SELECTION : High voltage version WE=-
V.
V_ max = 80 V,, max L SRS PV PN
for standard version | l o[ ]
Vin -1 1 Ricad
Cannot be used for OFF line buck | l Te. % o XDTVD —Tc., VOE
| 0

Risk of short circuit

400 V,, max for HV version

« Better insulated wire

« Winding testing process

« According WE-STD 1516

« WE is only manufacturer with
statement for Voltage
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INDUCTOR SELECTION : High voltage version WeE—-
VL 1 ]
e HVis needed when 300V to T
400V drops over the inductor v, —v_ | | oV
400V — 5V
0 — >
_Vout TOFF

. . V, =0,5V
* HVis not needed in a input ol T
A filter inductor o P> YA e
« 300V to 400V will drop over Vv, l e L [Vour §R
the capacitor, not the inductor 400V] ~Tc_ T[Cou 207V
- Standard inductor can be _
chosen o=l =,
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INDUCTOR SELECTION : Derating current

8 Y/ ==

WURTH ELEKTRONIK

Only DC losses !

/ Rpcl?
« Ambient temperature : -40°C to 85°C

« Operating temperature : -40°C to 125°C

120

1'3':' ﬁ
80

max. current capability (%)
ﬁ

|
0 20 40 60 80 100 120 140
Ambient temperature (°C)

Ambient temperature
+

Self heating (Inductor)

Operating Temperature

=> If ambient temperature is higher than 85°C the self heating inductor must be reduced
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INDUCTOR SELECTION : Self Heating W=

WURTH ELEKTRONIK

Ambient temperature
+

Self heating (Inductor) | >

Operating Temperature

Piota = Pac + Ppc

Reduce the losses of the inductor help to
- Optimize the efficiency
- Reduce effort for cooling system
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W=

WURTH ELEKTRONIK

INDUCTOR LOSSES

Date 22.05.2017 | Lorandt Folkel | Public/ Cenfidential / External Use | Webinar May 2017

© All rights reserved by Wiirth Elektronik eiSos GmbH & Co0.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



Inductor Losses =~

WURTH ELEKTRONIK

Ptotal = Pcore + Pcopper

AC Core losses DC losses — depending on DCR
Hysteresis losses AC-losses — dep. on winding structure
Eddy current losses - Skin-Effect

-> Proximity-Effect
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INDUCTOR LOSSES : Copper DC losses W=

WURTH ELEKTRONIK

* p : Resistivity of copper
Rpc = Pcu ! e £ : Length of wire

« A: Cross Sectional area

Optimization

= 4% 1mm @ Flat wire
Imm * 4mm

A = 3,714 mm?
Rpc = 5,7mQ

A = 4 mm?
Ry = 4,48mQ

£=1m
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INDUCTOR LOSSES : Copper AC losses, Skin effect E—VE—__?_-%

WURTH ELEKTRONIK

5 Currents

\ density

: freq
0 Hz kHz MHz

, Eddy currents

76
2 %P 0 = — mm @ 100°C

o = W*umm \/7 i,

\

0 = skin depth For Copper

p = resistivity 5@ 50Hz =9.38mm

o = angular ﬂ?(?quency 27tf 5@ 10kHz =0.66 mm f T = RAC T
U = permeability & @ 100kHz =0.22 mm
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INDUCTOR LOSSES : Copper AC losses, Proximity effect :—&wiﬁ

WURTH ELEKTRONIK

fT=>Ry 1T

Like the skin effect, the
distribution of current inside

the wire is reduced
4\

A A

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

WURTH ELEKTRONIK

How to reduce Copper AC losses

- Multi wire

- Flat wire
1mm * 4mm @ =1,128mm

A = 4mm?

Circumference = 10mm > Circumference = 7,09mm

R .. Flat wire < R ,.Round wire
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INDUCTOR LOSSES : Core losses

B(peak) in mT

» Steinmetz formula 100000 e
500KHz
10000 250KHz p.d =
P —K.f2.B" 100KHz
core i /
1000 AA | 7
I, )
I‘ /' l,
100 2L
—
Error factor
= 10
L
/ =
IS pE==
1 v
/—\
]/ // //
) ) Sava
. 0,01
0,5 0,6 0,7 0,8 0,9 1 100 1000
Duty Cycle
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INDUCTOR LOSSES : Core losses

Steinmetz Models
Py=K-f% . ABP
Py= K- 91, ABBxff
Py=K - f3q-ABP

core loss only

f/\ ***** [N
/ \/

major loop approach
only sine wave
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WURTH ELEKTRONIK

Steinmetz Models

>
(@)
©
>
(@]
O
< .
Steinmetz
>
0,1 0,3 0,5 0,7 0,9
Duty Cycle

acceptable accuracy at 50%,
even worse for other DC
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INDUCTOR LOSSES : Core losses

Wiirth AC Loss Model

Touoove 2 100V 1.00/ 5.000%/

simple Class-D amplifier
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Steinmetz Models

Complex Setup to true

Measurement
Sine Wave e Measurement
> Amplifier > .
Generator Conversion
To DUT

Limitation on
Permeability

complex setup to measure
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INDUCTOR LOSSES : Core losses REDEXPERT EVE_%Z:

Wiirth AC Loss Model

Pac =f (Al freq, DC, k1, k2)

core loss & AC wire loss

point of operation approach
triangular current form
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Accuracy

WURTH ELEKTRONIK

Wiurth AC Loss Model

A Wiirth Elektronik
| \
>
0,1 0,3 0,5 0,7 0,9
Duty Cycle

highest accuracy
over wide DC range
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INDUCTOR LOSSES : Core losses REDEXPERT EVEﬁ

WURTH ELEKTRONIK

Wiirth AC Loss Model Steinmetz Models

consideration of: consideration of:

= real core shapes = ring cores only
= |osses due to air gap (fringing effects)
= winding structure

Date 22.05.2017 | Lorandt Folkel | Public/ Cenfidential / External Use | Webinar May 2017

© All rights reserved by Wiirth Elektronik eiSos GmbH & Co0.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




=
61

INDUCTOR LOSSES : AC losses Vs Core losses —wi ===

wbm-l ELEKTRONIK
# Start Wirth Elekironik Group Sébstien ¥ [% English ~ .
Power Inductors REDEXPERTQ
n TN T = Sirgle % [0200A<l=200A X WE-MAP|, WE-TPG % 27 items
o s looece B[ = B[l st =]teos Bln Ble: #[Kgsor Bl = |icume B ooume B rioms Blwe Bl gt

PARAMETERS 74404024100 WE-LQS 2512 wr  Single 10.0 pH 9.39pH  435mQ 047D A 273K 850 mA 80.6 mW 39.2 mW 120 mW 481K  2.5mm
Input Output Switch Inductor Diode u 74438323100 WE-MAPI 2510 e Single 10.0 pH 9.70 pH 733 mQ 0.600 A 183K 135A 18.0 mW 66.0 mW 84.0 mW 155K 2.5 mm .
120V 500V 2 MHz 50 % 020V
1204920V 300 mA Single 74438323082 WE-MAPI 2510 my  Single .20 pH 7O8pH  64Em0  OTODA 146K 145A 21.9mw 58.1 mW 80.0 mw 128K  25mm
DETAILS
| | = n 74438324100 WE-MAPI 2512 mr  Single 10.0 pH 9.78pH  680mQ  0.70DA 116K 1.40 A 16.4 mW 61.2 mW 77.6 mW 120K  2.5mm
e max
2300 mA 2375mA 10.0 pH 744031100 WE-TPC 3816 mF  Single 10.0 pH 953uyH  185mQ  074DA 560 mA 46.1 mwW 16.6 mW 62.7 mwW 202K  38mm
v
u 74436324062 Single 767mw| 102k 25mm ]|
tan DC Al Ipask >
215 ns 043 184 mA 392 mA
74404024100 74438323100 74438324100 74438324082 W Free Samples
b WE-LQS - Single VWE-MAF! - Single WEMEF! - Single WE-MAF! - Single
. 10.0uH - 435 m0 100 H - 733 mD 10.0pH - 620 O £.20 pH - 830 mQ
04T0A - BE0 mA DEDDA - 1.35A 0T00A-140A 0EDIA - 150 A i Tidy Up
ov T e ||
Qns 400 ns. E00ns ( )
-~
12 — | 140 D40A
| /
100 mA /
oms 400 ns 800 ns 10 I 120 /
~
AC Losses DC Losses Total Losses Warming —~ 100
20.0 mW 56.7 mW 76.7 mW 102K _ 8 =
kS 8
= r
o o
£ g ]
E E
¢ 2
40
2Win 1ZEVIn
~ N
- 20
0 - - - - - [
0 02 04 06 08 1 12 14 16 18 0 02 04 0.8 0E 1 12 14
Current (&) Current (&)
Démarrer | Stamap | Cantact | imenint | Copynaht © 2015 WOrth Elektronik GmbH. All ights reserved.
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INDUCTOR LOSSES : AC losses Vs Core losses —wi_‘*

WUI!'I'H ELEKTRONIK

# Start Warth Elektronik Group Lorandt ~ [ English .

Pover niciees REDEXPERT”

Fiters: Type = Single % D0 pHEL =180 pH 3 | Series = WE-MAFI, WE-LQS, WE-FD 3 86 items

[5lowce Bl =[ow Bl =]t =Twoow An  =[w =[ew Blc Bloor Bla @
2 I L I ) ) ) B L N m-

74438335100 WE-MAPI P Single 10.0 pH 446 mQ 250 mA 2.00 A 9.48 mw/ 49.6 mWW
< 744383351580 WE-MAPI 3015 Pf Single 15.0 yH 720 mO 650 mA 1.71A 6.32 mW 71.1 mw 120K
74438336100 WE-MAPI 3020 P Single 10.0 pH 280 mQ 1.20A 2.35 213 mw 33.3 mw 510K
< 74438357100 WE-MAPI 4030 Pf Single 10.0 yH 101 mQ 2T70A 6.63 mwW I 15.7 mwW 167K i
T4477810 WE-PD T332 FE Single 10.0 pH 68.0 mL) 1.83 A 2.20A < 20.6 mi\y .12 m\W > 26.7 mVW 681K
S TA4TTANZ WE-PD 7332 £ or) Single 120 puH TE.0 mo 215A 17.2 m\W 6.84 mW 240 mWw 6.24 K i~
1| i 3
74438335100 74438336100 TMTTEI0 ¥ Free Samples
WE-MAF| - 3015 WE-MAPI - 3020 WE-FPD - 72132 WE-MAPI
10.0 pH - 446 m 100 pH - 280 m0 1000 pH - 680 m: = More...
. 5w | |
) . —
Vin = 12V AC losses can be > DC Losses
- V, =03V
e« F., =2MHz
c 2l AC losses < DC Losses
== 0
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www.we-online.de/REDEXPERT Wk —o

_E 0 It Elakeronsk - -
= With Elairony Group K
A o Engish

CRwTreyy e ey REDEXPERT'

Sufley
Bomcin B e

L) R S8 Longh B viigm, m -
ra S-SR

=y

W “ LT
TaT145g
We Sinqla
n T e A kemy 1914 100men 10,00y
n“’“"’ Single 210 155 S.0eny
T SUH 90y 12.0mem
"oy & Sghe 0 2y 1289 — S2mm

Select the best inductor for — e " 1y o
. . " ' 7 &mm
the application :

Estimate the total losses

Estimate the self heating

World‘s Most Accurate AC Loss Model
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|_more than you expect |

o 64
lasi

WURTH ELEKTRONIK

EMC_INPUT FILTER
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EMC : shielded VS. unshielded =S 05

WURTH ELEKTRONIK

FieldLings
xE -8

wo
R =

At it et
E8LRERE g

0C

U.-IAA;
Shielded Unshiclded Eg;;ii

unshielded

Morking ‘

oy

smaller L bigger £
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EMC : shielded VS. unshielded W=

WURTH ELEKTRONIK

f 1 Ve T T T 11 T171 T T | B m 11 T 1 TT 111 f T11 r1 11 T1 17 0 Y 1 g | TT 117 o
‘unshielded ] [ shielded
; ] [
] [ |
1 ! [ ]
1 ] 1 ]
% [ 4 4 i
4
1 1
| ‘ ‘ A Y I dlg
* , PR AT
% f 1 | % ‘ il l ([ 4 l I , ’|‘I
0Hz 200000 kHz 400,000 kHz £00.000 kHz 800000 kHz 1.000 MHz 0Hz 200,000 kHz 400 000 kHz 600,000 kHz 800,000 kHz 1,000 Mk
Charnel: 2 Window Type : Blackman Window Size: 8192 Channel: 2 Window Type : Blackman Wirdow Size: 812
Cursor Infoemation : Cursor off Cuesor Information : Curser off
Hamonic |rformation Hamonc Infoemation :
1st: 206,750 kHz -26.856 &8 2nd: 573 260 kHz 33947 B 1st: 286,500 kHz 46977 dB 2nd; 573 000kHz 52705 8
3id: 860,000 kHz 51.847 B $ho-- %d; 859.750 kHz 56.160 48 4h: -~
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Magnetic Fields — Conducted Emission w—#
Measurement " WURTH ELEKTRONIK

Power supply V 1.0

[dBuV] —2
. 100 » : Qw

80

T4 N
IC1
+5U
Feeddback Input
ut tput 4

Y
LED1

= , k2, o
e e g ——

J2 O leelcr

0 Oszillator dlé .
‘ | s ZS 2203R0 % =C4

@ RS e o ) ollg |[10enF
150k 300k 400k 600k 1M & |
* Tio ‘_\o[
' .

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

© All rights reserved by Wiirth Elektronik eiSos GmbH & Co0.KG, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us.

Date 22.05.2017 | Lorandt Folkel | Public/ Cenfidential / External Use | Webinar May 2017

www.we-online.com




Magnetic Fields — Conducted Emission o=
Measurement .

WURTH ELEKTRONIK

Power supply V 1.1

[dBuV]
100
80 :
[
e
IC1L g
+5U
B i L4-7447789150 >
i lwea L4S6D o .
P -LC:L Dszillator Freq. Comp.  OND '"V'()Z\“ 158%‘@@7
I A o T & 2o |C
o 2 S ~ rinde J oUS T ponF
-10 = : |
150k 300k 400k 600k 1M 2M M 4M 5M ¢ E
[HZ] . &F
(\T-I—33nF
' i
6ND

Schematic
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Layout recommendation WE—-

WURTH ELEKTRONIK

Marking

ol VD SGND | PGND
.

The critical current loops carry large currents with significant switching ripples

S .

Inductors are two poles only connection switch node

‘EMI hot side”

—> but start of winding is important
—> use effect of self shielding of the winding
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GENERAL INFORMATION
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Trilogy of Magnetics

|
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« 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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If you still have questions? “WE—

WURTH ELEKTRONIK

Just call us: we try to help you

Don’t give up !!!
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Technical support needed? =

Ask our design engineer Lorandt Folkel WURTH ELEKTRONIK

Follow meon ...

Twitter.com/askLorandt

L £

=
=

we-online.com/youtube

Lorandt Folkel

linkedin.com/in/lorandtfoelkel Design Engineer
at heart

we-online.com/asklLorandt
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or contact me directly:
asklLorandt@we-online.com
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