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Tomo Kozeljnik; Field Application Engineer

WURTH ELEKTRONIK MORE THAN YOU EXPECT



DESIGN PHASE FOR EMC

= Economical point of view:

= Depends on you when will start to design EMC conform
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EMC — BASIC TESTS

Electromagnetic Compatibility
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Emission

!

Immunity

Conducted

Radiated Conducted

Radiated




CONDUCTED EMISSION

» (Conducted emission over wideband
= (Caused by ripple current at input lines (common mode - / differential mode noise)
= EMC requirements for ,Conducted Emission“according ETSI, CEN, CENELEC

= E.g:EN55011: 2016 (Industrial, scientific and medical (ISM) radio-frequency equipment)
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RADIATED EMISSION

= Radiated emission over wideband
= (aused by:
=  Power traces on PCB
=  Power choke of DC/DC converter
= EMC requirements for ,Radiated Emission“according ETSI, CEN, CENELEC

= EN61000-6-3:2011-09 (Home)
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HOW CAN WE CHECK THE EMC ?




Magnetic and Material Basics




THE MAGNETIC FIELD

= Each electric powered wire generates an = Field model

electro magnetic field
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THE MAGNETIC FIELD — FIELD MODEL

I 4 X O Z2

Current |




MAGNETIC FIELD — MAGNETIC FIELD STRENGTH

The magnetic field strength is

dependent from:

Straight wire

» No. of turns

R ‘
R % _ = current

Toroidal core

2-7-R » dimension

» and

pd

Rod core \

NOT FROM MATERIAL
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MAGNETIC FIELD- MAGNETIC FIELD STRENGTH
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THE MAGENTIC FIELD

Air (Ceramic) Rod core ferrite Ring core ferrite
N - mmmmmmmmmmmmmmmm- > g N —-- - ’,——-b S N S
0 ZZZZZIIZZZZIIZZZZI:ZZZZ:I0 0 - ~~~~~~~~~ :::0 0 0
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Induction in air: Induction in a ferrite:

B =4 -H B:ﬂo':ur'H
linear function, because pr = 1 => constant!  material- /

frequency-
temperature-

current-
The relative permeability is a: pressure- -dependant parameter
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PERMEABILITY

= Typical value ranges of I//£ common-mode chokes:
= Nickel zinc ferrite (NiyZn;_,Fe;04): u; = 400 ...800
= Manganese zinc ferrite (Mn,Zn,_,Fe,0,4): p; = 2000 ...10000
= Nanocrystalline material (Fep): py; = 5000 ...95000

= The ExB series is a combination of different core materials.
= NiZn: p; = 400
= MnZn: p.; = 6000

1 3 | COMMON-MODE CHOKES
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PERMEABILITY — CORE MATERIAL PARAMETER

Temperature influnce

- The magnetization depends from the temperature

T f “—~ therm. movement

_ Alignment of elementary
f’\* Alignment

magnets
b4 U
1000 """""""""""""""""""""""""""""""""""""""""""""""""""""""" Ferromagnetic change to
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PERMEABILITY — CORE PARAMETER
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CORE MATERIALS- CHOKES (FILTERING)

Noise frequency range must be known
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RECOGNIZING THE COUPLING MODE

= common mode noise ?

= differential mode noise ?




COMMON MODE OR DIFFERENTIAL MODE?

Take a Snap Ferrite and fix it on the cable
(both lines e.g. VCC and GND)

you have Common Mode Interference

you have Differential Mode Interference

e.g. Common mode

choke

e.g. chip bead ferrite




SNAP ON FERRITE - TYPICAL BEHAVIOR
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SNAP ON FERRITE - CONSTRUCTION

= Snap on ferrite acts as an CMC
= Absorbs common mode Interferences
= Comparable with bifilar winding CMC




COMMON MODE CHOKE — WINDING STYLE

sbifilar ssectional
!!

= Power supply: low voltage application = Power supply: ,high” voltage application
and low voltage DC applications;
according to IEC60938 or UL1283

= Signal: low speed signal and High speed

Signal

21|



COMMON MODE FILTER — HOW IT WORKS

It is a Bi-directional filter
» From device to outside environment

= From outside environment to inside

device

Intended Signal - Differential mode

Interference Signal (noise) — Common Mode

Conclusion:
= "almost” no affect the signal - Differential mode

= high attenuation to the interference signal (noise) — Common Mode
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COMMON MODE CHOKE — WINDING STYLE

sbifilar we-si2 744226 ssectional we-sL2 7442265

D AT

CM choke DM choke

= low leakage inductor = high leakage inductor
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LEAKAGE INDUCTANCE — WINDING STYLE

Sectional Bifilar

Lieax = (0,005 ...0,05) - L Lieax = (0,001...0,002) - L
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LEAKAGE INDUCTANCE — WINDING STYLE

H[A/m]

994724002
Z24A0e4+002

L4974e4002
7.4868e+001

5.
5.
4.
=
o
L)
=

Sectional Bifilar
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LEAKAGE INDUCTANCE — WINDING STYLE

= Calculation approach
« Example of leakage inductance

55

A\ Properties Test conditions Value Unit | Tol.
- / \ Inductance 10 kHz/ 0.1 mA L 2x10 mH | +30
45 \v | Rated Current @70°C ln 0.7 A | max.
@ / \ J DC Resistance @20°C Roe 2x350 mQ | max
" \ J Rated Voltage 50 Hz Ug 250 V (AC) | max.
) Insulation Test Voltage 50 Hz/ 5 mA/ 2 sec. | Uy 1500 V (AC)
e 30 Il
2 / 28 0: 3 MHz | ,
2 25 /4 7 J
= \
Com // e BA Ly =2,/
. 16 Q' 1 MHz!| 7 \\\ diff = &£ /O
y
"
5 =
0 IR v 4 Lai amz = 28 Q/ (2mx 3x109) = 1,5 pH
0.01 0.1 1 10

Frequency [MHz]

e A (COMM) - e A
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COMPARISON OF THE CM ATTENUATION

744821201 7448012501 744841210
WE-CME - XS WE-CMBNC - XS WE-CMB NiZn - XS
1,00 mH - 2,00 A 1,00 mH - 2,50 A 100 pH - 1,50 A
I
Insertion Loss Common Mode @500 = O MnZ
n4n

40 dB ]
|
35 dB - |
|
30 dB - |
1
[
c 25dB | |
S 2048 i
= i
£ |
< 1548 - |
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: .
|

0 dB — : . . i NiZn
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Frequency
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COMPARISON OF THE CM ATTENUATION

744844102 * 744834101

WE-ExB - L WE-CMBH - L
1,00 mH - 4,50 A 1,00 mH - 10,0 A
]

Insertion Loss Common Mode @500 = [

45 dB

40 dB .
MnZn+NiZn
35 dB

30 dB -
25dB -

20 dB

Aftenuation

15 dB
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10 dB

5dB -

0 dB T T T |
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IMPEDANCE — WINDING STYLE

WE-SL2 744227 WE-SL2 744227S
Loy = 51pH Lem = 51pH
Bifilar winding Sectional winding

30 | COMMON-MODE CHOKES
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IMPEDANCE — WINDING STYLE
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CHECK THE RESULTS IN THE EMC LAB

—> Measuring the emission and compare with the solution

Level [dBpV/m]
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INSERTION LOSS — MATHEMATICAL DEFINITION

I
UO <> U1 U2 ZB

.

= o
Source Coupling way Load
= System attenuation 7 +7 +7
A F B ;
A=20-log in (dB)
L, + 71,
» Impedance A

7 .= 102—0-(ZA+ZB) _(ZA+ZB) in (Q2)




INSERTION LOSS - DEFINITION

Egivalent circuit:

LS

Source

Capacitor

= Practical values for source and load impedances: .__D_RP TC
—> Ground planes <1..20Q | LC—FiIte:MW | Load
—> Vcc distribution 10...200Q
—> Video- /Clock- /Data line 50...90 Q
- long data lines 90 ... >150 Q
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HOW TO CALCULATE THE RIGHT CHIP BEAD FERRITE?

60

-1 Ohm A
T |— 10 Ohm el
—— 50 Ohm o
= /
e AT e
=y ~ 7
- 1
§ 20---—-------—------———).4 —_— - | '—-1}/
/’/ /’/ ////
. gt g P
// g /i L L
° 1 10 100 _ - == o 1000
Impedanz des Ferrites [Q] (\ 220Q !
Example: power supply o
(1)Required insertion loss of ferrite: 22dB (@ 200 MHz
(2)System impedance for power supplies: Z<100Q

(3)Zferrite =2200

(4) 742792022 2 v
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INSERTION LOSS — RECOMMENDED FILTER TOPOLOGY

Source Impedance

low

high

high or

unknown

low

low or

unknown

Load Impedance

high - small C = higher SRF

high

high or

unknown _ _
Choose ferrite bead or inductors L

low which
= build no resonance with C

= broadband filter
low or

unknown Pay attention to : SRF of used components




CHIP BEAD FERRITE — PEAK CURRENT BEHAVIOR

Ferrite is destroyed due to over current/in-rush current
e : . = 1000mA

R

i 10uF i

[
)

Io = Uo/ (RDC ferrite +R ESR capacit\/)

= 12V / (0.050+0.5Q) = 22A /
——>

11 times higher current

Ferrite can be destroyed, might not fail directly => “creeping process”




at 22A...you can smell it!




SOLUTION: WE-MPSB



PRACTICAL PART - CONDUCTED EMISSIONS MEASUREMENT

Test setup

40 |

LISN: ,Line Impedance Stabilization Network”
= (reate known impedance on power lines for DUT
= Filter mains voltage and cut higher frequency

. . . . AC
» Transfer conducted emission noise to EMC-Receiver

EMC-chamber is recommended but not required

LINE INPUT FILTER - SMPS
TOMO KOZELJNIK | 28.3.2023

Protected Earth ,,PE“

1500

H

L

LISN

N

N s00

EMC-
Receiver

PE

DUT




DESIGN KIT

41 |

DESIGN KIT

LINE INPUT FILTER - SMPS
TOMO KOZELJNIK | 19.1.2023

CONTENT:

Common Mode Chokes
Capacitors

Terminal Blocks

SMD Power Elements
Resistors

Test Boards
Self-Retaining Spacer

Order Code 744 998
Version 2.0




DESIGN KIT

Design your EMC Filter

™ X Py §

Quanty: 10 890324 023025 885352211002 S M L
Pitch: 10 mm Quantity: 10
C: 0.15 pF C: 680 pF 744822301 744823601 744824101
i Ukt 275 VAC UR: 250 VAC Quantity: 2 Quantity: 2 Quantity: 2
Quantiy: 10 702 936 000 dv/dt:  300V/S Safety Class: X1/Y2 t 1 2: IL 1 g: |L ‘1 g‘:
Quantity: 20 = - -
R: 1MQ Longth: 159 mm 890324022007 885352211003 Rec: B me Rec: 13mQ Rec: 7me
th 070‘?5'“"; gf“’“’“‘" 1 000'2 744822222 744823422 744824622
; U,, 2'75 V:C U" 250 V:C Quantity: 2 Quantity: 2 Quantity: 2
2 n A . .
691 134 710 002 dd:  500VAS Safety Class:  X1/Y2 :; 22 g 22 22
Quantity: 10 = - v
VOE  450VAC/24A 890324 023006 885352213011 o Wee| [Re A | R A
UL: 300 VAC/1BA S LS L & 744822233 744823305 744824433
Rt 20 m2 C: 0.01 yF C: 1000 pF Quantity: 2 Quantity: 2 Quantity: 2
0.05 up to 2 mm?Wires U 275 VAC Ug 250VAC L 33mH L: 5 mH L 3.3mH
dv/dt: 500 V/pS Safety Class:  X1/Y2 b 15A et 25A R AA
M R 120mQ | |Ry: BmQ | |Re BmO
. 885352213015 7448030509
7466113 7466114 Quantity: 10 Quantity: i 744822110 744823210 744824310
Quantity: 10 Quantity: 10 C: 2200 pF L: 9 mH Quantity: 2 Quantity: 2 Quantity: 2
Ig: S0A Iy 50A Uy 250VAC Ig: 5A L 10 mH L: 10 mH L 10 mH
Thread: M3 Thread: M4 Safety Class: X1/Y2 Roc: 28 mQ L 1A Ie: 2A e 3A
i Rec: 380 mQ2 Roc: 125 mQ R 106 mQ
| 74466240007 | 7446622002 | 7446621007 | 7446620027 7448040707 744822120 744823220 744824220
Quantity: 1 Quantity: 1 Quantity: 1 Quantity: 1 Quantity: 1 Quantity: 2 Quantity: 2 Quantity: 2
L: 0.7 mH L: 2.2 mH L 6.8 mH L: 27 mH L: 7 mH L 20 mH L: 20 mH L: 20 mH
I 4A| Iz 28| | 1A| |1 0.4A I 7A L 05A I 1.5A I 2A
2 27 mQ Rec 100 mQ Ree: 300 mQ Roc: 1.200 mQ Roe: 20 mQ Rec: 540 mQ Roz: 270 mQ Rec: 220 mQ
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MEASUREMENT

Konduktivhe motnje na + liniji (AV)

BACKGROUN
Fa¥at D
100 Q [T — AW
dass1
cass2
B0
dlass3
cass4
&0 class5s
=)
=
m
=
o, [
% 40 1
g Il
m
=

1E4+04 1E+05 1E+06 SEFUT 1E+08
Frekvenca / Hz
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REDEXPERT®: WHAT IS IT?

Online platform for easy component selection
Select | Compare | Simulate &

= Live updates

= Easy component comparison WURTH ELEKTRONIK

= Several design tools integrated

= Share results and searches easily online

THE WORLD’S

e e No Calculation
MOST ACCURATE P Smart Determination
Ac Loss MO DEL l_T_T:J:LT_T_Li.:_




WORLD'S MOST ACCURATE AC LOSS MODEL

Piotal = Pac + Pac = PCu,dc + (PCu,ac + Pcore,ac)

= Winding losses: = Core losses:
» DC losses = Hysteresis losses

= AC losses (skin effect, proximity effect) » Eddy current losses




WORLD'S MOST ACCURATE AC LOSS MODEL

Wiurth model Steinmetz model
fw [ LI L N N VAN Complex Setup to true
O 1Y I — YNy O Measurement
1 | e Sine Wave N Amplifier N Measurement
Vin -1 ZS Pin Pout T Vout Generator P Conversion
O . . O
1tooys 20 100y 1.00%/ 1.00W/ TO D UT

Limitation on
Permeability



WURTH ELEKTRONIK AC LOSS MODEL

= Description & Set up:

Uin e Y Y'Y\ ?
LY
JUULY Po Pu =€ [JR =
¢ ¢ * Apulsating input voltage is applied over the Inductor

* (Piy — Pyye) is the power loss in the Inductor

Fig 7 & 8 : Practical DC-DC converter set-up & resulting scope shots

= A pulsating input voltage is applied over the Inductor
= (P, — P,,;) is the power loss in the Inductor
= Separate losses of the Inductor into AC & DC loss




WORLD'S MOST ACCURATE AC LOSS MODEL

Wirth model Steinmetz model
%) %)
o ©
-] >
S 3
<< <<
i i i = : i i —
0,1 0,3 0,5 0,7 0,9 0,1 0,3 0,5 0,7 0,9
Duty cycle Duty cycle
= Highest accuracy over wide d.c. = Acceptable accuracy for ring cores

range at 50%, worse for other d.c.




WORLD'S MOST ACCURATE AC LOSS MODEL

Wirth model Steinmetz model

= Material combination supported, = Only single material, mainly for
l.e. NiZn, MnZn, iron powder, NiZn, MnZn
metal alloy, etc. = Not applicable for iron powder

& metal alloy




WORLD'S MOST ACCURATE AC LOSS MODEL

Wirth model Steinmetz model

Lol 3
<
= ——
—_— — ——
>

Marking

= Consideration of: = Consideration of:
» Real core shapes » Toroidal cores without an air gap
= Winding structure
= Winding losses
» Losses due to air gap (fringing effects)




START SCREEN

WURTH ELEKTRONIK GROUP |  ENGLISH ]
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Fast & Easy Component Selection EMI Filter Design Tools Power Stage Design Tools




USER INTERFACE

REDEXPERT"

| HowTo

Design tools

Filters: Series = WE-MAP| %

I e ] O] N ] P )

Product table

= ITEMS

| < SHARE

| 2 STEFFEN

100/ 111 items =

I L I

74438343022 WE-MAPI 2010 ter  Single 2.20 pH 225mQ  1.10A 250A 200mm  1.60mm  1.00mm 125°C  Shielded Metal Alloy SMT
Boost
744383210047 WE-MAPI Single 470 nH 760mQ  220A 370A 250mm  2.00mm  0.600 mm 125°C  Shielded Metal Alloy smi
SEPIC
e I e e e R e e I T
L .
osses <> 74438313022 WE-MAPI 1610 by Single 2.20 uH 337mQ 850mA 250A 160mm  160mm  1.00mm 125°C  Shielded Metal Alloy sMTVY
< >
74438343022 744383210047 74438313015 ™ Addto Cart
WE-MAPI - 2010 WE-MAPI - 2508 WE-MAPI - 1610
220 pH - 225 mR 470 nH - 78.0m 1.50 uH - 158 mQ PrOdUCt trav = More._
I T I
Show Panel
Inductance [ DC Cumrent {Ambient Temperature) = D Temperature Rise [ DC Current (Ambient Temperature) = Inductance Drop mment (Temperature) = L
T= 20rC v T= 20C L T= 20°C v
250 pH - 140K 1 100 % |
120 K 4
2pH 4 @ o 0%
& 100K =
@ o =}
g2 150pH 4 [ o B0% -
k: 2 g
E 1M g e g 40%
= E a0 K 4 E
500 nH 4 = 20 %
20K
OH 0K T T T T T T 0% —
OA 500 mA 14 1.50 A ZA 250 A 3A 3.50 A 44 450 A oA 500 maA, 1A 1.50 A 2A 250 A A 3.50 A oA 500 mA 1A 1.504 ZA 2504 A 350 A 44 450 A
Current Current Current




PRODUCT TABLE

Filter summary line: Filters are set by:

= Updates are highlighted " Drop-down menu
cond » Design tools

red for a
= Chart marker

Filters: Type=Single | r=200A | lx=2240A 9| 127 pH= Lgeec@2 22 A=236 pH 3¢ - U |_

7litems =

e Luro@222 A mm

> 7443551181 WE-HCI 1365 p7  Single 18.0 pH 16.5 pH 22.0 mQ 7.50 A 750 A 13.2 mm 128r.

< 7443641500 WE-HCF 2818 gy Single 15.0 pH 14.3 pH 2.40 mQ 30.0A 260A 28.0 mm 285

o iIIiiII'IIII |Ii illIl IIII I i- | LT (] L ] [ A ~ 4 AMm A ~ e A A~ P

= Sort & filter each column




GLOBALLY AVAILABLE. LOCALLY PRESENT.

- - o__?'_ Nurmisrvi (Finland) o

Plano (USA)

N China)
.......................................... "~ Talchung (Taiwan)

Irapuato (Mexico)

SALES OFFICE
PRODUCTION

DISTRIBUTION
‘ WAREHOUSE

54 TITLE
INTERNAL | AUTHOR | DATE




WURTH ELEKTRONIK SLOVENIA

Trg Franca fakina 6

1420 Trbovlje
www.we-online.com

00386 3 56 53 400
eiSos-slovenia@we-online.com

tomo.kozeljnik@we-online.com
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