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WURTH ELEKTRONIK

REQUIREMENTS IN EMC
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EMC approval marks

= Federal Communications Commission

= Voluntary Control Council for
Interference

= Australian Communications and
Media Authority

-
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CE Marking

= With the formation of the single European market,
standardization was required to remove technical
barriers to trade.

= New Approach Directives were introduced to remove
these barriers to trade

= 20 regulations and directives:
LVD - Low Voltage Directive 2014/35/EU

EMC - Electromagnetic Compatibility
2014/30/EU

R.E.D. - Radio Equipped Directive 2014/53/EU
MD - Machinery Directive 2014/90/EU
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Design phase for EMC -

WURTH ELEKTRONIK

= Economical point of view:
- Depends on you when will start to design EMC conform

Cost 4

EMC ; .
E _C _m_dssn_grl ir_l considered

Development Prototyping Production Time
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more than you expect .

Core materials - Chokes (filtering) “WE—-

WURTH ELEKTRONIK

Noise frequency range must be known

fe
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Core Losses W=

WURTH ELEKTRONIK

Electro Magnetic energy cannot disappeatr, it will be just transformed into other energy form
-> energy conservation law

e.g. electrical energy transformed into - thermal energy

The core losses from ferrite transform the noise energy into heat
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more than you expect .

The magnetic field — Field Model WE—-

WURTH ELEKTRONIK

Magnetic field H

I-H4moOo=Z2

Current I
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Common Mode Choke — How it works WE—-

WURTH ELEKTRONIK

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 Filter — Signal theories -W&—==

WURTH ELEKTRONIK

= The Differential mode-Impedance attenuate also the signal
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= The Common Mode-Impedance attenuate just the noise
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Common Mode Choke

WURTH ELEKTRONIK

= Best solution to filter noise close to signal frequency
@
510000 ‘ e e e
8 common mode impedance
o) ~ N
3 ~ :
1000 ~ N
7 used signal NG
” . . =
(differential mode) J RN
100 /
: —~—differential mode impedance
: /  «HHEAY
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Common mode choke - Construction WE=-

WURTH ELEKTRONIK

bifilar sectional

< ? Advantage ? >

Ls~0,01...0,1% * Lg Ls~0,5...2% * Lg
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Common mode choke - Construction WE=-

WURTH ELEKTRONIK

= Less differential impedance = Low capacitive coupling sectional
= High capacitive coupling = High leakage inductance

= Less leakage inductance

= Data lines = Power supply input /output filter

= Sensor line - CMC for main power lines (AC line)

= USB = High voltage application (up to 400V)

= HDMI = Switching power supply decoupling

= CAN bus

WE-LF seires WE-CMB series

?%- WE-CNSW
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Common mode chokes - Winding example-We&=-

WURTH ELEKTRONIK

10000

7.}
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‘g . . 1000 e e . . . .
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Snap on ferrite - Construction W=~

WURTH ELEKTRONIK

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

WURTH ELEKTRONIK

= For common mode rejection use common mode chokes
= For supplying power over long distance common mode chokes are recommended
= Additional capacitor reduce differential mode noise
» Small value for ceramic capacitor is recommended
» Capacitor and common mode choke act as a LC - filter for differential mode noise
= Can be used for input and output lines

|4 lcom DC
diff O :I
/ DC
@ S — Vout
Vsup Chiter |® Cin
\‘ Lcom —~
/

ICOI’T] J7
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Radiated Emissions made by AC/DC WS
Converter Use Input Filter & Y-Cap Wik ELEKTRONK

» *
cyl L Ryﬁﬂ
47nF T ' L X1 —
CX1 A 12mH
D'EEUE_ NAA T
4 7nF 1A i
22N Input Filter
- .-




Radiated Emissions made by AC/DC WE=:
Converter with Input Filter & Y-Cap " WORTH EETRONK

= Uin: 230Vac Uout: 24Vdc
= lout: 1,5A fsw: 100kHz
= Polarization: Horizontal
] Norm: EN55022A
dBuVv/m
100
szt
ik f‘ﬁW‘,‘% el A A
o ”‘%Wi el w“WMwwwMMWWWMMMWMWM e
0
w/o Input filter
with Input/filter
-30
30MHz Frequency (MHz) 3GHz

EVB von MPS
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Conducted Emissions made by AC/DC W=
Converter without Input Filter with Y—Cap

Uin: 230VAC, Uout: 24VDC

WURTH EI.EKTRONIK

lout: 1,5A, fsw: 100kHz
Measured: L to PE
dBuv =  Norm: EN55022A
100
\‘f‘\ | n
| T AT ol | H
| | I | LM M V% w“ ke
3 V [ I ‘\'J\“ H\ A “!“r‘ “ “‘\“
v% ’ MU ERRT AR T h ll ‘ i N “u\"h \m‘ﬂ\‘ H\\Wl‘m MM M iM
h S FAL | |\ 1Y A
“F u\ “\H"‘J ‘
0 | | |
-50
150kHz Frequency (MHz) 30MHz
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Conducted Emissions made by AC/DC

Converter with Input Filter & Y-Cap WE=:

WURTH EI.EKTRONIK

Uin: 230VAC, Uout: 24VDC

lout: 1,5A, fsw: 100kHz

Measured: L to PE
dBuv = Norm: EN55022A

100

! ‘ n 0l I ‘
‘ h I NH“H IHW»\M‘HHJM”M“JI Jumu ﬁ

N M’“V A
\ UU U’

0 ! q ‘ Y

==

0
150kHz Frequency (MHz) 30MHz
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more than you expect .

Example AC/DC converter WE=-

WURTH EI.EKTRONIK
Snubber Y-Cap
CMC WE-FC /ransformer

~—

Output filter
WE-TI
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Example AC/DC converter

Fegel [dBUY]
100 [ T T T T T T T T T T T T T T T T T T T T T T T T Ty Tt T TR ,

e s T
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2[:] ___________________________ ol _do L ____Jd___Jd___L [ 5 [ |
1 ' ] 1 ] ] [ 1 ] 1 1 ] ' [ 1 I

] | ] ] ] ] [ ] ] ] ] ] | o ] I
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EMC Test Falled

0 L : : A : !
15DI< SDDH 5DDI< 'lM 2M M ah Th 10M 30N
Frequenz [Hz]
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=  Without common mode choke
= With adjusted Snubber

=  Without adjusted Y-Cap
QPeak

Avg.
Peak

Avg.
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Example AC/DC converter WE=-

WURTH ELEKTRONIK
Fegel [dBEUY]

L e :

R R o =  With common mode choke
»  With adjusted Snubber

=  Without adjusted Y-Cap
QPeak

Avg.

Peak

Avg.

. EMC-Test Failed | {1 i1 .

0 H M M M M R M M M M T M ;
120k 300k 500k 1h 2M 3M akd T 10N 204
Frequenz [Hz]
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Example AC/DC converter

Feqgel [dBLY]
100 TS :

1 1
1 1 L L e e D I 1 1 L e e e I e | 1 1
1 1 L L e e D I 1 1 L e e e I e | 1 1
570 L O SO S N S S S N S S .
1 1 L L e e D I 1 1 L e e e I e | 1 1
1 1 L L e e D I 1 1 L e e e I e | 1 1
1 1 L L e e D I 1 1 L e e e I e | 1
1

20 i o i T AR

EMG-Passdd

0 : S S R S : : R : ;
150k 300k 500k Th 2h 3 kA Th 10K 30N
Freguenz [Hz]
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= With common mode choke
= With adjusted Snubber
= With adjusted Y-Cap

QPeak
Avg.
Peak

Avg.
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Example AC/DC converter

D1

- I

., pu
\s

= Noise couples through the transformer via C,,,
* Noise seeks path to primary circuit
« Without path, noise may become conducted emissions
= Y-Cap across transformer reduces noise
» Tune the capacitor for optimum loss vs. noise reduction
» Capacitor usually in the 470pF to 4.7nF range
* Y-Caps to transformer terminals not on switch nor on diode
» Close to transformer as possible
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Common mode choke — Advantages W=

WURTH ELEKTRONIK

Filter with two inductors Filter with CMC
Filter input  Filter output o _
Filter input Filter output
v’\vAvAvAvAvAvAv

L L)
N/ DN

m
]
- (0

= Signal not affected

= Noise attenuated even close to the signal frequency
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Common mode choke — Application USB  “W&=-

USB1.0¢g—= —
c

filtered

- unfiltered

A

WILIRTH ELEKTRONIK

USB1.0

[ )

IC

& Data source
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Common mode choke — Evaluation WE=-

Increase Z >

o CM > 410hm  _° '
@ z DM = 0.7 Ohm @ Z
CM >

D+ D+
DM > —
) —_ Y Y )

CM > 363 Ohm CM = 77 Ohm
DM > 10hm @ 12MHz DM > 1 0hm @ 12MHz

32 Ohm
0.7 Ohm
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SMD-Ferrite — Application USB WE=-

WURTH ELEKTRONIK

Using an WE-CBF instead of CMC

Increase Z >

12 MH
DM - 35 0hm @ z DM > 110 Ohm @ 12 MHz
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WURTH ELEKTRONIK

PCB - LAYOUT RECOMMENDATIONS
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PCB-Layout recommendations

common mode noise filter
coupling path

V+ E—

V_

V- I V+ V- V+ m:CV+
+ _ _

v \Y% o V+

not recommended not recommended

= Avoid indirect routing of power traces

= Avoid any kind of couplings = “capacitive” or “inductive”
= AC-current should flow across common mode choke

= Route power traces on component layer

= Do not use via’'s close to unfiltered noisy area
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more than you expect .

REDEXPERT www.we-online.com/redexpert = — o

WURTH ELEKTRONIK

VE_O_ M Start  Warth Elektronik Group Signin [ English ~ -
" wikn ELxTRONTK mices REDEXPERT®

100 items
TS < L e -m w1 [

Buck Converter E3 m

PARAMETERS Drder Code

10.0V a0 200A WE-TPC 744071056 single 5.60 pH 20.0 mO 400 A 8043 8.0 mm 8.0 mm
15.0V
EDDIHH' WE-TPC <> 7440650068 .ﬁ Single 5.80 uH 25.0 mQ 420 A 3604 1028 10 mm 10 mm
030V
. | < oo WE-TPC <> 7440650082 g Single 5.20 pH 28.5 mQ 3.80A 2804 1028 10 mm 10 mm
120V .00V
O > P - O WE-TPC <> 7440660062 G Single 6.20 pH 16.5 mQ 4304 4504 1038 10 mm 10 mm
Input WE-SPC < 74408943068 gy Single 6.80 uH 51.0 mQ 2.00A 2704 4838 4.8 mm 4.8 mm
Win,min 10V Winnom 12V 4 i C
Qutput
B T440T1056 == Share
Vout 5V but 24 WE-MAFI - Single WE-TFC - Single — _
5680 pH - 68.0 mO 560 pH - 20.0 mO ¥ Free Samples
Switch " 280 A-480A 400 A - 400 A o Tidy Up
few 500 kHz bl
&l 40 % & 100 1
Diode
Vi 0.3V - 50 |
4+ =
i @
= © an
= o
2 =
5 2
k=1 m
=1 @
= g 40
= £
4 20 1
0 T T T T 1 ] T T T T T 1
0 1 2 3 4 5 8 7 0 1 2 3 4 5 a

Current (A) Current (A)
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Simulation — WEBENCH

= http://www.we-online.de/web/de/electronic components/toolbox pbs/webench.php

WURTH ELEKTRONIK

My DesignsiProjects

W= ¢ |® B o

WUORTH ELEK TROMIK

New Solutions Visualizer Assistant
RECOMMENDED PARTS

| HF= | @i | B | 5120 | Pycckwii Aswk | Portugués | Deutsch Welcomd

) ) "\' ra WEBENCH® Optimizer T, Switching Regulator Switching Regulator Switching Regulator
Tl"g'l WEBENCH Visualizer LM3102 LM25576 LM22670-ADJ
Compare all designs in seconds Lowest EET—
P g BOM Cosh @ Open Design
< ) - L a— i
# | (size) = Total BOM Cost : . . .
E o _ Smalles Highest Design Note High Efficiency Design Note Fast Transient R... Design Note Adjustable for V...
= - - Footprint 5 Efficiency Topology Buck Topology Buck Topology Buck
E . am & - i i :
= ~ &P Footprint (mm2) 340 Footprimt (mmz2) 278 Footprint (mmz2) 348
£ - Seg Efficiency (%) 87% Efficiency (%) 85% Efficiency (%) 83%
- ~ = = < < e # WEBENCH® Visualizer Frequency (kHz) 315 Frequency (kHz) 361 Frequency (kHz) 388
\_ Efficiency U\ J BOM Cost $4.59 BOM Cost $5.60 BOM Cost $4.51
Switcher Solutions
Switcher Solutions: (146 found) [ ] Show All Columns [_| Show Alternate Topologies [ | Show Only Modules
Part Create VWEBENCH® Tools Topology Efficiency Footprint Frequency | Vout p-p Cross Freq | Phase BOM Cost BOM Count | lout Max Design Considerations
(%) {mm2}) {KHzZ) {m\y {kHz) Margin {A)
(deq)
LM3151-3.3 q: ﬂ VA =4 Buck 91% 524 245 6.01 HA NA $5.15 10 12.00 SIMPLE SWITCHER(r) Controller
LM43602 q: ﬂ AV Buck B9% 326 350 1.90 14 75 $4.17 13 2.00 SIMPLE SWITCHER Buck Regulator
LM3150 q: ﬂ VA =4 Buck 93% 443 255 5.52 HA NA $5.89 15 15.00 SIMPLE SWITCHER(r) Controller
TPS54339 q: ﬂ LAY Buck 88% 285 646 469 NA HA $2.83 12 3.00 Wide Vin Buck Converter with EcoMode
TPS54230E G ﬂ AV Buck 88% 285 646 472 NA HA $2.73 12 2.00 Wide Vin Buck Converter with EcoMode
] 28V, 3A, Low lg, Synchronous, monolithic buck
Open De: Buck 88% 340 270 1.66 16 59 3.43 13 3.00 =T :
st Q ﬂ ’\" e & converter with Eco-mode
LMA43603 G ﬂ Ny Buck 39% 230 350 3.34 12 74 $5.53 13 3.00 SIMPLE SWITCHER Buck Regulator
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W=

WURTH ELEKTRONIK

Simulation — LTspice

= https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html

o SETEY x|
Eile Edit Hierarchy %iew Simulate Tools Window Help
- Quit and Edit Database oK. |
= | | | A @, Q| BR H&EE| & B MBS LS 3 DD Aa op |
List Al Inductors in Database | Carmesl |
+, FeriteBead 21) |2 FenteBead_Z() |
LipH] | hfg. | Part Mo, | ipkias] | Fsedm] [+
68  wurth Elektronik 744029006 WE-TPC  0.650 0.230
10.0  ‘wurth Elekironik 744029100WE-TPC  0.500 0.390
1.2 ‘wurth Elektronik 744030001 WE-TPC  1.100 0.083
2.2 ‘wurth Elekironik 744030002WE-TPC  0.800 0136
33 Wurth Elektronik 744020003 WE-TPLC 0720 o180
4.7 ‘wurth Elektronik 744030004 WE-TPC  0.500 0.z3a0
(2] “wiurth Elektronik 744020006 WE-TPC 0.430 0230
10.0  ‘wurth Elektronik 744030100WE-TPC  0.350 o510
220 “wiurth Elektronik 7440320220 WE-TPLC 0.250 1.150
1.5 ‘Wwurth Elektronik 744031001 WE-TPC  1.550 0.035
2.5 ‘wurth Elekironik 744031002WE-TPC  1.250 0.045
EF SRR 36 Waurth Elekironik 744031003 WE-TPC  1.100 0.0E5
7457552037 4.7 ‘wurth Elekironik 744031004 WE-TPC  0.900 0085
742792040 BB ‘Wurth Elektronik. 744021006 WE-TFC  0.750 0125
742792035 10.0  ‘wurth Elektronik 744031100WE-TPC  0.560 0155
742792097 100.0 “wiurth Elektronik 744031101 WE-TPC 0180 2050
742792110 150  ‘Wwurth Elektronik 744031150WE-TPC  0.450 0.230
742792111 220  ‘wurth Elektronik FA4031220WE-TPC  0.360 0.380
[yt 33.0  ‘Wurth Elsktronik 744031330 WE-TPC 0320 0545
[prcccty) 47.0  ‘Wwurth Elekironik 744031470WE-TPC  0.250 0.800
74279215 1.0 Wurth Elektronik 744042001 WE-TPLC 2600 ooz0
745752115 1.8 ‘wurth Elektronik 7440420018 WE-TPL 2,400 0.050
742732113 27 Wurth Elektronik 7440420027 WE-TPL  2.200 0.050
742792121 3.3 ‘wurth Elektronik 744042003WE-TPC  1.800 0.050
39 “wiurth Elektronik 7440420039 WE-TPC 1700 0050
4.7 ‘Wwurth Elektronik 744042004 WE-TPC  1.650 0.070
5.6 ‘wurth Elekironik 744042005WE-TPC  1.350 0.080
668  ‘Wurth Elektronik 744042006 WE-TPC  1.250 0.080
8.2 ‘wurth Elekironik 744042008 WE-TPC  1.100 0100
742732410 100 furth Elektmn!k 7440427100 WE-TPLC 1100 0130
Ml Component AttribEEkEeyt 100.0 ‘wurth Elekrorik 744042101 WE-TPC  0.300 1170
120 “wiurth Elektronik 744042120 WE-TPLC 0.950 0150
15.0  ‘wurth Elektronik 744042150WE-TPC  0.750 0190
180 “wiurth Elektronik 744042180 WE-TPC 0700 0270
220  ‘Wurth Elektronik 744042220WE-TPC 0,600 0.280
1.2 ‘wurth Elekironik 7440430012 WE-TPC 2,800 0015
This isf 742792515 1.8 Wurth Elektronik 7440430018 WE-TPL 2,450 0020
=2 3 2.2 ‘wurth Elekironik 7440430022 WE-TPC  2.350 0.027
I 1 U 1 27 Wurth Elektronik 7440430027 WE-TPC 1950 ooze
SpiceModel = | 74273252 x| Wisible: b 33 wurth Elekitronik 744043003 WE-TPC  1.800 0.030
(| 39 “wiurth Elektronik 7440430039 WE-TPC  1.E50 0050
DC { Id C} |::| Allihulie [value [v.] 4.7 ‘Wwurth Elektronik 744043004 WE-TPC  1.700 0.050
Prefix ® 56 “wiurth Elektronik 744043005 WE-TPC 1.300 0070
TA27T79252 InstName Ui # 68  WurthElskonik 744043006 WE-TPC  1.250 0.080
AC 1 Szl e ] 2.2 ‘wurth Elektronik 744043008 WE-TPC 1050 0.090
Value 100 Wrth Elektronik 744043100 WE-TPC  1.000 0.035
Va2 1000 ‘wurth Elsktronik 744043101 WE-TPC ~ 0.290 0.550
% Spieeline 120 Wurth Elektronik F44043120WE-TPC  0.950 0.100
Spiceline2 15.0  ‘wrth Elsktronik 744043150 WE-TPC ~ 0.750 0120
180 “wiurth Elektronik 744043180 WE-TPC 0700 0150
220  ‘Wurth Elektronik 744043220WE-TPC  0.700 0160
'ac d ec 401 1 o Meg 1 '8G Cancel 2200 “wiurth Elektranik 744043221 WE-TPLC 1.008 0095
330  ‘Wurth Elektronik 744043330WE-TPC 0,550 0183
- Ste p pa ram |d C 0 3 - 5 47.0 wwiurth Elektranik 744043470 WE-TPC  0.500 o212
B0 Wurth Elektronik 744043680 WE-TPLC 0400 o310
1.2 ‘wurth Elektronik 744052001 2 WE-TPL  3.500 0.020
- - - - - - - 1.8 “wdurth Elektronik 744052001 8E-TPC  3.000 0020
This example schematic is supplied for informational/educational purposes only. 25  WirhElekionk  T440S2002WETRC 2700 004D
a0 “wiurth Elektronik 744052003 WE-TPLC 2400 0040
39 ‘Wwurth Elektronik 7440520039 WE-TPL 2100 oosn o
T Eh s SAAREannE v Toe 3 ann Ann



https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html
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WURTH ELEKTRONIK

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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more than you expect .

Any questions? WEe—-

WURTH ELEKTRONIK

Just call us: WE will try to help you

Don’t give up!
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Globally available. Locally present! W=

WURTH ELEKTRONIK

Headquarter in Germany

@ sales Offices

(] Distribution

® [actories
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http://www.we-online.com/
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WURTH ELEKTRONIK

Technical support needed?

Follow meon ...

Twitter.com/askLorandt

we-online.com/youtube

Lorandt Folkel
linkedin.com/in/lorandtfoelkel Design Engineer

at heart

You

We-online.com/askLorandt

or contact me directly:
asklLorandt@we-online.com
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http://www.twitter.com/askLorandt
https://www.youtube.com/watch?v=XNt0CicKgSU&list=PLZJdRX1BvL0xaO2MeViGfcVxIG2Dkl1a2
http://www.linkedin.com/in/lorandtfoelkel
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