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AGENDA

= Fundamentals of conducted emissions
= Test Setup (Flyback board, load, LISN, ground plane, test receiver)
CMC Selection

= Comparison of different core materials
= X Capacitors

= Y Capacitors

Will the filter design pass?
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‘ Emission ‘ ‘ Immunity |
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‘Conducted‘ ‘ Radiated ‘ ‘Conducted‘ ‘ Radiated ‘
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CONDUCTED EMISSIONS LIMITS

= Limit lines shown for Quasipeak

FCC & CISPR 32
and average. o
= Why Care? 80 A -
70
|
If you want to s.,eII your . \ . |
product, you will need to © ETT
. . 50
comply with these limits Ry
. 40
otherwise you could face
] . i 30 Wurth Electronics
large ﬂnanCIal penaltles' 100.0E+3 1.0E+6 10.0E+6 100.0E+6
lgnorance is not a defense! Frequency (H2)
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TEST SETUP

Laptop Power Flyback Electronic

e Filter Board G

Supply Board Load

Test

Recelver
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FLYBACK BOARD

= DC/DC Flyback-Converter CCM (Continuous Conduction Mode)
= =19V (19-30V)

= U, =5V

futmax = 4A (20W)
= £, =300kHz
» Efficiency = 90%

= |C: ADP1071-2 (Analog Devices)
» with synchronous rectifier

= Transformer: 749119550

b <
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]
20000000002V00
L)

- MOSFETs in T0220-package e Tl gD A e\

ELEKTRONIK hy TECHNICAL FLYBACK BN
MORE THAN 5 al ACADEMY 600 005
YOU EXPECT & DEMONSTRATION BOARD V20224

o
2000000000000000000000600000000000000000000020200VRVOTLVVVOIVRTAND

Wurth Electronics
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BASIC CONCEPTS

= Differential Mode
= Common Mode O

— iDM
T parasalic T i lem
IChe |

capacitance
O— 4 —+ 44— — — — — — — — —
PE |

Wurth Electronics
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BASELINE TEST
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BLUE IS CM AND RED IS DM

(S

9 | ANOTHER CONDUCTED EMISSIONS DEMO? IVE
PUBLIC J.QUENZER JULY2023




BASIC LINE FILTER

10|

L1
Cx
PE ¢ N e N
B
Lo

Wurth Electi

To

O L'

Cv

Add varistor between Line and Neutral for overvoltage protection!
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CMC SELECTION




WHAT IS A COMMON MODE CHOKE?

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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CHOOSING A CMC

sectional

10000 10000
e - e +
g Y !
- N ~ N

1000 1000
£ = =
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g B
3 =

él g 100
r §

Impedanz
Impeda

1 1
1 10 100 1 10 100
Frequenz { frequency IMHZ] Fraquenz / frequency [MiHZ)
b ORI a &P 13 C =a
A5 708 3 Mtz TAR? 1 MAz aTOF 3
- — (COM) - - oZ(dt) - — 7 (COM) - = o (dH)
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CHOOSING A CMC - CORE MATERIAL

—h

Inductive Part of Impedance
FIEFIREIFEEE
Resistive Part of Impedance

R (Fe) \ | [Rvnzn)/ |1 R (Nizn)

\ X, (NiZn)

g

X, (MnZn)

N 7 \

‘\"*-.. \ \ | LA ! \
M"-"'—\.n— KH"‘H—— \“\H‘""""-. 0% _-"""'.-..F-.F‘ J’f Il'.\'—n.
o0 0,1 1 10 100 1000 0,01 01 1 10 100 1000

Frequency (MHz) Warth Electronics Frequency (MHz)

W urth Electronics
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CORE MATERIALS COMPARISON

7448022010 X 744822222 744842311 744844102
WE-CMEBNC - 5 WE-CMB - 5 WE-CME ML D - 5 WEE=B - L
10.0mH - 2.00 A Z20mH - 2.00 8 110 pH - 3.00 A 1.00 mH - 4.50 A&
Y N —
= MnZn Show Panel: vz | owz | oec -
. 10 kD
= NiZn N
= Both together
= Nanocrystalline )
% 100 0
=
a
E
Manganese-Zinc
Nanocrystalline —
110}
Wurth Electronics
e 1 kHz 10 ;—z 'CIII-I<—1 1 r-f1l—|z 10 MHz 100 MHz 1GHz

Freguency
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:.:_g::[r:nmlk EXPERT M Chokes for Mains Power Lines

'p Filters: Is selected

Faaal T  Order Code Y Series Y Size " Spec Vg W Lp Y Ik Y Zew, min @300 kHz " Lines W Tep WVt Y7 Assembli.. 7 L WOW Y H W Ls Y7 Certificates
Syst
yeEm <+ 744822222 WE-CMB 250V  2.20 mH 2.00 A 4.48 k0 125°C 1.50 kW THT 17.5 mm 13.0 mm 22.0 mm
v | 7aamzzmo m--mmm azrsa -mm-mmm--
n <+ 7448271201 WE-CMB 250V  1.00 mH 2.00 A 1.90 k02 125°C 1.50 kV 15.0 mm 7.50 mm 18.0 mm
<+ 7448012002 WE-CMBNC XS oy 250V 1.60mH 2.00A 1.00 k2 7 125°C 1.50 kW THT 14.0 mm 7.50 mm 16.0 mm @
< 744842311 WE-CMB NiZn S5 lErrg 250V 110 pH 3.00 A 1830 2 125°C 1.50 kW THT 18.5 mm 14.5 mm 22.0 mm @
744841247 WE-CMB NiZn XS BT 250V 47.0pH 2.00A 9110 7 125°C 1.50kV THT 16.0 mm 7.50 mm 17.5 mm @
<
7448012002 7448022010 X 744821201 744822222 744841247 744842311
WE-CMBNC - X5 WE-CMENC - 5 WE-CMB - X5 WECMB - 5 WE-CME MuZn - X5 WE-CME Nufn - 5
1.60 mH - 2.00 A 10.0mH - 200 A 1.00mH - 200 A 220mH - 200 A 400 pH - 200 A T pH - 300 A
| |
Show Panet: [owz | owz | bec |
o remerend
10 k0 m 100k 3EA
34
10kQ
1k 4
254
N 1k E
& 1000 4 @ = 2A
g | g z |
E g - -
= = 000 = 194
w
100 | =
i 14
|
i 100
10 : 500 ma 4
|
i
W urth Electfonics 1o - |
1kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1GHz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1GHz -40.0°C  -20.0°C o°c 20°C 40°C
Freguency Frequency

https://we-onlin';‘em.tii:e(”)tT /re/50CBbSaH
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https://we-online.com/re/5oCBbSaH

CMC DEMO
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BLUE IS CM AND RED IS DM

Spectrum 1 X

Hz 10 100 39.06
Spectrum 2 X

Hz 10 100 39.06
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X CAPACITOR

SELECTION




X CAPACITORS

X capacitors are meant to filter
differential noise.

Need to meet special safety criteria
since they are connected to between
line and neutral.

X1 - Peak Impulse 4 kV
X2 — Peak Impulse 2.5 kV

X class capacitors can be substituted
by Y class capacitors of the same or
higher voltage rating.

® O |_'
Cvy
L1 J—
T OAAAAY I
Y Y Y Cy /77
) J—
—é O N'
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CALCULATING X CAPACITOR VALUE

Estimating Differential (Leakage) Inductance

"fom = =
Zﬂ\/LDM'Cx
le — 1 p— 1
2m-fpm)?-Lpy ~ (2m-25kHz)%-10mH-0.025
*C, = 162nF
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X capacitor DEMO
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BLUE IS CM AND RED IS DM

(Crae
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WHERE DID MY IMPEDANCE GQO?




CALCULATING X CAPACITOR VALUE

Calculating Differential (Leakage) Inductance

ZpM 20
27 fpy 27 *300KHz
1
(2mfpm)*:Lpm
B 1
~ (2m-25kHz)?-10uH
" C, =4.7uF

" LDM — - 1OUH

le=

x_Effective — 3.4uF
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EXPERT

1007250 tems gy
e ' Order Code T Series T Size T Spec Vo ¥V LV 7 Zowmi @300kHZ T /OMI@300kHz i\ Lines T Te ¥ Vr OV Assembli. T L v W
S —
7448023005 WE-CMBNC s = 250V 500mH  300A 179 k0 9500 2 125°C 150KV THT 1BOmm 14 i
7448024503 WE-GMBNGC s 3 250V 300mH 4504 111k 5860 2 125°C  1.50kV THT 180mm 14t
7448025003 WE-CMBNC s = 250V 250mH 5004 s08 0 4640 2 125°C 150KV THT 18Omm 144
7448026002 WE-CMBNC s =3 250V 1.50mH 6004 5190 3000 2 125°C 150KV THT
o T
<
7448022010
WECMENC - S
10.0mH- 2004
Show Pane [ cmz |
Common Mode Impedance =0 Differential Mode Impedance =0
10 k) 0
w0 1ha
2 8
2 g
- " 20
o 100
| 19
1 kHz 10 Kz 100 kHz Mz 0 MHz 100 MHz 16Hz Wz 10 kHz 00 kHz 1Mz 10 MHz 100 Wbz
Frequency Fraquency

WORTH
ELEKTRONIK

T° Fiters.

/' Order Code

T Spec

Series  /  Description

885012209048 E WCAP-CSGP | General Purpose 1210 X7R 470 yF m

EXPERT

o size ¥ Ce.Y C Tole..

Ve VR

W Voo eies) @240V

>20.0 MQ 3.38 pF

DF

5.0%

Titem €3
Q ¥V Ton ¥ Tam Y TCC W Length TV Width

-55.0°C 125°C | £15% 3.20 mm E’\

DC-bias Voltage

v
< >
= moRe H
Show Pans! ['C v Vo |
Capacitance / DC-Bias Voltage =[]
" 210
4pF ’\
3.38uk.
3 ap
3
g 2y
3
1uF
oF
. 20v v v s0v




CALCULATING X CAPACITOR VALUE

So which One is it?

1
| —
feut—ofr_pm 2L -Ca
1
- _ . — — 13OKHZ
fCut of f_DM_Estimate 2tV10uH 1621F

1
" fCut—off_DM_Calculated — V10Ul 3AUF = 26.2KHz

[sw=300KHZ _ v, 40dB = 14dB

DM Estimate=130KHz
f5W=300KHZ

- AttDM_Estimate — 108

. AttDM_Calculated = log( ) - 40dB = 42dB

fDM_Estimate =26KHZ
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Y CAPACITOR

SELECTION




Y CAPACITORS

28 |

Y capacitors filter common mode noise
Need to meet special safety criteria since they are connected
to earth.

Y1

= Double or Reinforced Insulation
= (0-500V rated voltage

= 8kV peak impulse voltage

Y2

L O ® ® ON
= Basic or supplementary insulation Cy
= 150-500V rated voltage L ——
= 5KV peak impulse voltage Cx
Y4 PE 0— R = ===
= Basic or supplementary insulation /77 Cy /77
= 0-150V Lo p—
= 2.5KkV peak impulse voltage
N o . : O N’

Y class capacitors can only be substituted by Y class capacitors
of the same or higher voltage rating!
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CALCULATING Y CAPACITOR VALUE

B f — 1
M ZTL'\/LCM°Cy

1 1

Y @nfem)?Lem  (2m-25kHZz)2-10mH

N
~
|

] C — 4. 1 O OpF Pay attention to leakage current limits for your standard!
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Y capacitor DEMO
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BLUE IS CM AND RED IS DM

Spectrum 1 X

Hz 10 100 39.06
Spectrum 2 X

Hz 10 100 39.06
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FILTERIN LT SPICE

= Models found in the "Contrib” folder in LTspice.

= |atest updates automatically downloaded when LTspice is updated.

= Use equivalent circuits of real components.

= Do not use to simulate saturation! (Since models do not include accurate nonlinear

BH loop
L Line . . . Load
;I 1 L2 4 Cy
m PR—
R1 % U3 ’ W‘-”J " [885352213 015 Vi
[ —
50 = 1 2 o v 3 —
% ~7 1Y
EI S 744822222 2.2m " [ 885352213 015 Rser=50
9 AC1
" »
N

.ac dec 100 10k 100MEG
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NEED DESIGN HELP?

= 7 different textbooks (magnetics,
Ltspice, etc.) Nearly 1000 pages of
practical information.

= OQver 110 application notes

= Local assistance (email, phone,

video call, online chat, etc.) \ HANDBOOK
- . Reto$. .ngeller SMPS tgptocl;;ii oman |
= Design for Electromagnetic Design , e pot oLUBE=——
S S for Electromagnetic
Compatibility--In a Nutshell: Theory CompatiZiy Sy

Theory and Practice

and Practice | SpringerLink
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https://link.springer.com/book/10.1007/978-3-031-14186-7
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