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WHY DO WE NEED FILTER?
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TRANSMISSION MODE

= Recognize the transmission mode:

Differential Mode

noise or signals on a line(s) with a return path

Common Mode

noise on all lines propagating in the same

direction with respect to earth

Against Differential Mode Noise

WYY Y
L

Use a differential Ferrite or choke

4 | EMC AC LINE FILTER

EXTERNAL | CPASCUAL | APRIL 2025

E

Line (Positive

arth (Ground)

Against Common Mode Noise
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Use a Common mode Choke



https://redexpert.we-online.com/redexpert/#/

DIFFERENT TYPE OF NOISES

= Common Mode Noise = Differential Mode Noise

Use a common mode choke or snap ferrite Use a ferrite bead or filter choke

& — @

= Both Common Mode and Differential Mode Noises

Use a capacitor
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WHAT IS A FILTER?
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EMISSION VS. IMMUNITY

= Emission = Immunity / Susceptibility
= We measure the noise generated by the = We try to disturb the product
product.
= Use of filter
= Use of filter = To reduce the noise which came from external sources.
= To reduce the noise generated by the
product.

EMC AC LINE FILTER Ll
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FILTER TOPOLOGY

Input Impedance@ Topology - Output Impedance
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FILTER CIRCUITS

Low pass
R L . .
R = Attenuate high frequency signals
| B _ | | B
L c . -/ = | ow frequency signals go through
] - C without attenuation
= u
Number of order = Number of reactive (L or C) parts
High pass
C C
} } = || I '2 = Attenuate low frequency signals
R jDﬂ L = High frequency signals go through
without attenuation
= n
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WHAT DO WE WANT TO FILTER?

= Example: Lighting applications
= Mains 250 VAC at 50/60 Hz — Indoor, outdoor commercial
= Low Voltage 12/24 VAC — Architectural and outdoor landscape/garden

= Noise at much higher frequencies
= Radiated Emissions (RE) 30 MHz — 1 GHz
= (Conducted Emissions (CE) 150 KHz — 30 MHz

—

R L

Lowpass
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IMPEDANCE - OF A FERRITE

MAIN PARAMETERS -

e

= Cutoff frequency (f.)
= Frequency at which we arrive -3db (per reactive part).
» From this frequency the attenuation starts.
= Resistance = Reactance/Imaginary (Z): best parameter setting to

[ SR IDE  4 54 )5 s Sp an S S PR

=
g4
S
3

filter at the intended cutoff frequency. 1 s
= Attenuation (4) |
= Depending on frequency.
= 20db/dec for each reactive part.
= Rule of Thumb
= The cutoff frequency should be at least one decade before the ™
noise frequency starts.

-33dB-—---

-36dB

-39dB

-42dB -~

~45dB -~

.48dB H H L - i L
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1]
e —— REDEXPERT


https://redexpert.we-online.com/redexpert/#/

QUESTION #1

Capacitors can be used to filter what mode(s) of noise?
a) Differential mode. w/

b) Standby mode.

c) Transmission mode.

d) Common mode. v

EMC AC LINE FILTER Ll
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S21(v)

PASS FILTER 1ST ORDER

— IDEAL LOW-

Ideal filter

EXAMPLE

1
10GHz
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EXAMPLE - IDEAL LOW-PASS FILTER 2ND ORDER

= |deal filter
= No parasitics

- R . .:'121.5'\:”:' . R R e S21(wlo)
L ! | ﬂﬂ--h"mh . jis
R 50 “JQ'Q"J i l BB Ldiae b M-"xh i
AEE{_ ,.,»"_:x?"c *0m € < “Rout i ' m“'a‘_.‘ _
i: ) =% < 50 el 3 THY EEHH B 3 PHBERGT RBRRHH
\—./ 100p 0 i MH\H i ;
-20dB/dec .
b o W TR T N
.acdec 50 10 10g p— 5 x IR
.net I(Rout) VLC It ' } N
o SR : IR R A A AR R EhY
H ‘\-\
o 20E S ] Y
Cutoff frequency Xe =X, . ‘
(@ 6dB attenuation - 1 140 ot . ! ! | B g . ‘\.‘.\
~ 27 kHz ° 2m/IC AR | -40 dB/ dec .
' 16048 - -4+ A N
! 1“-;‘
N,
Attenuation per decade " X
40dB/dec e -
= 10k 1008z i H O 100KH: MMz A0MHz 100 AEH 2 1GH:z 10GHMz
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0dB

SOURCE IMPEDANCE

Simulation

]
VLC1
{R}
AC 1

Rser

-100dB

.net I{Routl) VLC1

R S S

-140dB

.1/50/100 Ohm

R input — 0

P Y

10Hz
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LOAD IMPEDANCE

= Simulation
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Rser=50 . 100p | R}

AC1 i

Rl Ry N

.step param R list 0.1 50 100
.ac dec 50 10 10g

.net I(Rout) VLC

Routpue = 0,1/50/100 Ohm
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QUESTION #2

Which has the better attenuation? And how many order of filter?
b)

i e
O N | X L1 L1 O
colewer -
<Jr>'ﬁﬁﬁﬁﬁﬁﬁﬁﬁC411111111111'Z.R0u’tCl’.
ﬁ'__ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ__l}15|'.lﬁﬁﬁﬁﬁﬁﬁﬁﬁ.'ﬁ5_0ﬁﬁﬁﬁ
| CACA8 . |

Rser=50. . | oo
N

J 3" order = 3 reactive components

EMC AC LINE FILTER Ll
2 1 | EXTERNAL | CPASCUAL | APRIL 2025 RED EXPEHT


https://redexpert.we-online.com/redexpert/#/

CONTENTS

= Qverview

= Filter basics

= EMC filter components

= WE-CLFS
= Typical datasheet information
= More than you expect

= REDEXPERT

= Design your EMC Filter kit

= Demo
L © ' O L
L4 ==CY
B 5 Cx .l /47
97 ' le‘ ::C*r
N O . O N

B
22 | b e REDEXPERT


https://redexpert.we-online.com/redexpert/#/

EMCFILTER

= Topology

combination of differential and common mode

L O ' $ _LCY O L’
L1

PE077|7__R: . il
NP 1 on

EMC AC LINE FILTER Ll
2 3 | EXTERNAL | CPASCUAL | APRIL 2025 RED EXPEHT


https://redexpert.we-online.com/redexpert/#/

DISCHARGE RESISTOR

= Resistance Value Selection

L O | ¢ « R should be as high as possible -> Low Power consumption

* R should be as small as possible to discharge fastly

PEOT7|7 “R — ule: T = RC < 1

?7?

N O é o
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DISCHARGE RESISTOR

Advanced

N

N

Single-Stage

= (Calculation

<
LO

|
|
}
L Y {
oy [npe 3 | o
|
|
|

= Example: Single-Stage Advanced PN: 810912020

NO ch

CGes = 2 X 1uF * 1.1 + (5nF * 1.2)

810912020:
CGes = 2,206pF

Cx = 1uF +10% tolerance

T (RC time Constant) = RCgeS ->r1=1 C\/ = 10nF + 20% tolerance
Electrical Properties:
1 .
R = =4533091() -> Maximum value e Iatnie [ W jRRl W
Cges Rated Voltage o | Sav e 080k v | max
Rated Current lh | @40°C/AT<BDK 20 A max,
= Next possible value: 330k £2*1.1 = 363k 2 i | N PISIE O LTAL W
DC Reststance Fpc | @20°C 10 m0 | max
Inductance L |10k 0.1 mA 1 mH | +50%/-30%
X2-Capacitance G [Tk 1V 1 | 0%
Y2-Capacitance Cy [1RIZ 1V 10 | a20%
Discharge Resistance R |@20%C 330 W | =10%
otiation TestYollage | v, | | S0z 2 15mA 2000 |vao)| max
ln_:u':nﬁmlm\fnltane Vi, | 25/ 10 mA 1075 |voR| max

25 mercmeriren REDEXPERT®
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LEAKAGE CURRENT

= Regular Operation

PE

[ipag = 21 f+ Cyp * V
according to 60939-1

26 EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

= Neutral Line Interruption (worst case)

- * L * +
Cx Cx
- 1

Cvy | Cv Cvyn | Cv

PE * »

HOME  SIGHIN HELP CARTo

Lipag = 21 * fxCges xV
IEC 60939-1:2010

Passive filter units for electromagnetic interference

suppression - Part 1: Generic specification ILEAK < 3 5 mA “ges T

TC 40 | Additional information - _|_ [

Abstract PREVIEW

|EC 60939-1:2010 relates to passive filter units for electromagnetic interfarence
supprassion for use within, or assocated with, electronic or electnical equipmenl and
machines. Both single and multi-channe! filters within cne enclosure are included
within the scope of this generic specification This genenc specification estabhshes
standard terms, inspection procedwes and metheds of test for use in sechonat and
detail specifications within the IECQ-CECC system for electionic components. Ths

edition mcludes the followng significant technical changes with respect to the ] wi
previous edifion
Show more »
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COMMON MODE

PE 0?7 —

N O ¢ ¢ O N
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COMMON MODE

wiorst

S21(ve)

Unit
v
A
méA
mil
mH
JF
nF
k0

v (AC)

VoG

Value
250
10
0.534
15
1
0.68
6.8
680
2000
1075

I
|
|
|
|
T
1
I
|
I
i
{5
I
1
|
!
)
“
' ' ' 1e -]
! s = .-
\
I
1
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|
I
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I
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1
1
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L
T
T
L
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1
T
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!
¥
T
I
I
T
T
L
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!
R DRV ——
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!
T
'
T
T
T
T
!
}

tAqTTR- - 1o
Test conditions

250 V (AC), 50/60 He
250 V {0C)
@ 40 °C/ AT< GOK
o | 250 V (ACY 50 Hz
Ry |@20°C
10 Ktz 0.1 mA
iz 1V

1kHZ 1V
@20°C

L
&
Ty
R
Viac | 50 M2 25/ 10mA

Vipe |25/ 10ma

Insulation Test Voltage
Insulation Test Voltage

L-=M

case leakage current could reach twice this level. There is no leakage current for DC applications.

1) |eakage current is calculated according to IEC 602391, If the neutral fine is intermupted

1KHz 10KHz 100KHz 1MHz 10MHz 100MHz 1GHz 10GHz 100GHz

100Hz

Rout
50

T
.

Lomic
1m

Example. 810911010

u
Vo
50

.net I{Rout) V6

WE

REDEXPERT"

Lo
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o
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DIFFERENTIAL MODE

Lleak is the leakage current inductance
Lleak Lleak 1% of L CMC
A

' .
Why here Cy/2?

Cx Cy/2

Whats the difference?
What happen here with the two caps?
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+50%/-30%

+10%
+20%

mH
uF
nF

0.68
6.8

10 kHz/ 0.1 mA

1kHz/ 1V
1kHz/ 1V

L

Cx
Cy

Inductance

Capacitance

X2-Capacitance

Y2

DIFFERENTIAL MODE EXAMPLE

S21(vic)
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HOW TO CREATE A GOOD FILTER? L o e
PE — []R ML ;& b
= Common or differential mode noise? L, !
N o L1 ow

= Frequency area of the noise
» (Choose a CMC with the right core material
= Cutoff frequency one decade before the noise

Each core material brings more impedance in a range of frequency

More impedance < More attenuation

s T w1
= \What attenuation do we need? . | \ Il 'r
= Choose the “right” CMC e \ REIR
= Number of reactive parts g | Mamcvsaine | \ [ _H'
Lol g [l [ TRIE KR TR PSEERTTIT T ckikhi]
= Source and load impedance ~ e | /| > % U
= |n datasheet we show 50/50 ohm for reference. s | P SR / H a il
oo | KH2= 100MHz '; &K
= Special requirements? 10% |
= Medical devices 0% 4= =il - : - ﬁ:LtIm 4

Frequency [MHz]
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Single Phase Common Mode Chokes (2 Windings)
A

CORE MATERIAL AND FREQUENCY

Iz 100 mA i i0A 100 A
L 100 gH imH 10 mH 100 mH
LxWxH Min: 15x 75 x 18 mm
[ o3mA | [l Semmtom
’. WE-CMB Ry 0007330
T Vi P50V,
LxWxh: 325y 28 x 22 mm
= = : 0NZE-02300
Common Mode Chokes for Mains Power Lines &) oy % o rord
Core Material  100kHz 1 Miz 10 MHz 100 MHz 10 GHe
@ Frequen ; LaWxH: 185x 14522 mm
PENCY MnZn Manganese-Zc) — R 0.004-0.044 0
| NiZn Nickel-Zinc) a He I 0.175-0.7mH 2 20
MNanocrystalline
| Fe {iron Powder) LxWxHMn  205x23x205mm
LxWxHMa 4653 28 x 445 mm
ﬁ WE-CMB 68-215A R 0.0030 — 0.044 0
HV 07— 4.7 mH Wi TEO V)
LxWxH Min: 2133 166 225 mm
04-285A LeWrHMae  213x 213 % 17.8 mm
WE-FC Rz 00B-2880
a 11-43 mH Vie P Ve
LxWxH: 37 ¥ 26 x 45 mm
o R 0050-090
w WE-FCL B 1.25-50A Y 950V,
LxWxH Min: 171155 % 125 mm
LxWxHMa  17x 115217 mm
' WE-TEC ﬂ.'E—I.Bl [ 031-360
Vir M0V
LxWxH Mn: 25 % 27T 5% 9.7 mm
_ LaWeHMx  25x275x 107 mm
° WE-LPCC B 120 450 Ml 95-2354 i 0.0014 —0.0006 0
— 450 it Vi POV,
Lx W xH Min: 18318 x 13 mm
03-6A LxWxHMa:  235x335x20 mm
WE-LF Poc 002-260
® 0.4—50 mH e 20V
LxWxH: 233x 185 x11.5 mm
WELF 04524 | s e
casn T T E— Vir 250V
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QUESTION #3

Which filters are for common-mode noise and differential mode noise?

L O i

PEO77|7 R\ =

N O ¢

B v B owm

3 7 | EMC AC LINE FILTER
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https://redexpert.we-online.com/redexpert/#/

CONTENTS

= QOverview

= Filter basics

= EMC filter components

= WE-CLFS
= Typical datasheet information
= More than you expect

= REDEXPERT

= Design your EMC Filter kit

= Demo
L © ' O L
L4 ==CY
B 5 Cx .l /47
97 ' le‘ ::C*r
N O . O N
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L W H

Size Dimensions Mount
[mm} [mm)  {mm)
Single-Stage £ Bh 35 29 Chassis .
- Low Leakage Version
Single Stage Low | eakage D 64 35 29  Chassis Without Y-capacitors, for a leakage current of almost OmA
. Suitable for industrial applications with strict requirements against leakage
Single-Stage-Advanced Gf', i 518 29 Chassis A s
current or already exhausted leakage current values within the application.
Single Stage Advanced Low Leakage [:'I—j 75 518 29 Chassis
Two-5tage [:ﬁ 1149 585 &5  Chassis
Two _Sta ge Two Stage Low Leakage ELJ} 1148 585 45  Chassis
Z N
N P i

Advanced

/N
A\ 4

Single-Stage |

L

¢, L.

PEO— R—C —/—— —— — ——s:

||
|
LT

I NO oN

EMC AC LINE FILTER Ll
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WE-CLFS MATCH CODE SETUP

810912001 15 20 2 0.22 1000
810912003 8 10 3.3 0.33 1000
810912006 6 10 33 0.33 1000
810912008 8 6 4.7 0.47 680
810912010 10 | 6 ' 47 | 047 | 680
810912012 12 27 6.8 0.68 470
810912014 14 | 22 | 68 | 0.68 | 470 |
810912020 20 1 10 1 330

We increase the rated current, stable performance is required, following effects appear:
= |nductance Drop: Using a thicker wire while using the same core -> Less turns possible
= CY increases to compensate decreasing inductance

= CXincreases to compensate decreasing leakage inductance

= R decreasestokeept=RC<1

EMC AC LINE FILTER Ll
40 | EXTERNAL | CPASCUAL | APRIL 2025 RED EXPEHT
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WE-CLFS INSERTION LOSS

Typical Insertion Loss:

Z N/

= Different system impedances possible (worst case)

40 Ca Y,

IN
7‘1} = 0.1Q/100Q & 100Q/0.1Q also available up to 100 MHz

& 30 ,/ i’ |
*:E 4 | d :
£ i | V = Asymmetrical = Common mode
E 20 , L
F
10 =  Symmetrical = Differential mode
& '
- /
0 _’!""":-:‘.'"'“"' M, . i
0.01 | _[’[ 1 10 ijoo
-10 [of
Frequency [MHz]
s A 50 (3/50 O asym == = A 50 (/50 O sym
soee AD1QM00Qsym == === A 100 /0.1 O sym

EMC AC LINE FILTER Ll
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WE-CLFS RATED CURRENT

Rated Current | 11 [@40°c/aT<60K A max.

Rated Temperature / \ Max. Temperature Rise @ Rated Temperature

General Information:

Operating Temperature -25up to +100 °C
Climatic Category 25100/21
Rated Temperature Th A0 e

EMC AC LINE FILTER Ll
43 | EXTERNAL | CPASCUAL | APRIL 2025 RED EXPEHT
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WE-CLFS DERATING

120%

100%

Vs .\
y

Rated Temperature

80% . N

60% - \
0% | \\
20% T

0% | | | | : \ﬁ)— Max. Operating Temperature
0 20 40 60 80 100

Temperature [°C]

Current [A]
o
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WE-CLFS

EMC FILTERS

WE

Single-Stage-Advanced

Easy to use l Perfectly shielded

fast-on connectors

Amazing size-current ratio
{current capabilities)

High performance
filter inside

Perfect ground connection

Single-Stage Two-Stage

. Two-Stage

T
Single-Stage-Advanced

o

Additionally available

Spice models: Real simulation due to
measured data (s-parameter) not a
simulation of the single components.

3 different sizes

Certifications

& & N«

45 | EMC AC LINE FILTER
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i Single-Stage ! i

LD . 1

! L | , : g
ipeo;\j[]ﬂz 1 I_n‘vi i—‘:*—:—
| I’ [v [ |

| NO : I

O

Compare our EMC fillters in REDEXPERT:
www.we-online.com/redexpert-emc-filters

More information about WE-CLFS:
wiww.we-online.com/we-cifs

Discharge Reslstor R:
Discharge of capacitors,
Important safety standards

Common Mode Choke L:
High cornmon and partly
differential mode attenuation,
without deriving any leakage
current to ground

X-Capacltor Cx:
Increase the differential made
attenuation

Y-Capacitor Cy:

Strongly increases common
and partly differential mode
attenuation, driving some
leakage current to ground

REDEXPERT BBL”Z4
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WE-CLFS MOUNTING INSTRUCTIONS

47 |

1. Safety Rules

While mounting and removing, the electronic component
shall be operated in voltage-free condition pursuant to the
five safety rules described in the standard EN 50110-1.

1. Disconnect

2. Secure against re-energization

3. Determine voltage absence

&4, Grounding and short-circuiting

5. Cover or fence off adjacent, energized parts

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

2. Ground Connection

To establish a low impedance path for parasitic currents,
the filter housing shall have a wide connection area to the
ground plane. The ground plane shall be free of paint or
other isolating materials.

A solid connection to the grounding plane is established
with M4 screws. The tightening torque varies with the
selected screw and should not exceed the limit of 5 Nm.

3. Protective Earth (PE) Connection

The protective earth connection shall be the first to be
connected while installing the filter and shall be the last
to be disconnected. It's crucial to prepare the protective
earth connection with careful consideration of the leakage
current.

*The colors of the cables are chosen according to the European standard.
Please refer to the standard that applies to you


https://www.we-online.com/components/media/o761458v410%20WE-eiSos_Montageanleitung_WE-CLFS_A4_Digital_L8.pdf
https://redexpert.we-online.com/redexpert/#/

WE-CLFS MOUNTING INSTRUCTIONS

4. Placement

Filter Position Short Connections Minimize Crosstalk

The filter position is suggested to be close as possible to Keep the connection to the PE as short as possible. To minimize crosstalk do not place incoming and outgoing
the application. If there are long distances between the Use short cables to minimize the parasitic effects of cables next to each other.

filter and application, it is recommended to shield the the setup.

cables, otherwise, the functionality might be affected.

48 |cscuenire REDEXPERT®
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IMPROVING THE DESIGN - V1.0

A7/ 7722777727772/

Ny

Filter

/
Z
7
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é
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IMPROVING THE DESIGN - V1.1

Tz 7772424242444

SMPS

O E<
| L ‘
Filter e i ‘
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IMPROVING THE DESIGN - V2.0

g

e
«'Q
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MORE THAN YOU EXPECT!

= \WWE use Film Capacitors
= have a good temperature and aging behavior

Products

= S-Parameters & LT-Spice Models

u made from S_paramete rS “ Pitch 7.5 mm Pitch 10 mm Pitch 12.5 mm Pitch 15 mm PFitch 22.5 mm Pitch 2

= We are the only manufacturer that has this.

BS0326022007C5 SPEC P o Active |1 Across the mains 15 nF 275 %2
850324022017CS SPEC s X2
EDA models: Components | Zip
P i
BS032402007 = fﬂ.; ALT | Altium_WCAP-FTX2 (rev23a).intLib %3

ZUK | CadStar_WOCAP-FTX2 (rev1%a).zip

H 1 C P-ETX: :
[] 80334025017 e s | Cadence_\WCAP-FTX2 {rev23al.zip 53
L o L EAG  Eagle WCAP-FTX2 (rev23a).lbr
83032402300205 SPEC x2

)

F-)

P E CAD files  zip
B2 |:| — - srtrh il i RE 30 | 3D_WCAP-FTX2-7_5_B80326022007CS frewt)pdf i
IGS | Bo0324022007CS (rev)igs
D B50324023004C5 SPEC /EE - ) bre ] & . x2
' STP | STP_WCAP-FTX2_830324022007xx [rev1).stp
L N o H90324023006L5 SPEC 4 X2
B2, il Electric models zip
FRR ARG CS SREE ek PSP | PSpice_WCAP-FTX2 rev23a) zip X2
8 1 0 9 1 1 0 0 1 830324023008C5 SPEC e Download all B files as zip archive | P %2
B9032402301005 SPEC J:: BFILES =] = X2

EMC AC LINE FILTER Ll
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REDEXPERT
| peai

Low entry access to
electronics design with

EXPERT

72 Design Tools

B EMI Filter Designer
D Magl*C Power Module Designer

:_]I ._x' Resonance Tank Calculation for Wireless Power
i Filter Circuits
"~ DC/DC Converter
" Wireless Con nectivity and Sensors
'l I' Capacitor lifetime calculator
Optoelectronics

Power Magnetics

54 | EMC AC LINE FILTER
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5 Product selection

EMC Components

Power Inductors and MagneN

MaglC Power Products
Signal & Communications
Capacitors & Resistors
Optoelectronics

Quartz Crystals & Oscillators

EMC Shielding & Grounding

< Product selection

¢ : R Ferrites for PCB Assembly
E =
‘E .

‘-

C & Ferrites for Cable Assemnbly

:"m. CM Chokes for Mains Power Lines

2' © M Chokes for Low Voltage and Data Lines
+ @

L J -

:
= Overvoltage protection

Pty ) .
Yo EMC Line Filter
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’ Compare different MLCC packages for their DC bias behavior to select

the best fitting part for your application. Or enter the desired
capacitance-value, to pick the proper cap.
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sl EXPERT  EMC Line Filter

3ditems
% Order Code % Series T size T spes Vi T ¥ e T L ¥l e 76 ¥R T | Rag T Vial=PE) T VrpclleN) U Weight 7 Length ' Width | Height ' Lines  Tg, | Assembling " @
<+ 810911001 WE-CLFS Single-Stage lnid 250V 1.50 A 173 pA  200mH 100nF 2.20nF 1.00 M2 300 mO 2.00 kv 1.075 kv 70.09 64.0 mm 35.0 mm 29.0 mm 2 1009C Chassis -
- 810911003 WE-CLF3 Single-Stage (areg 250V .00 A 173 pA  10.0mH 220nF 2.20nF 1.00 M2 100 m 2.00 kv 1.075 kv 70.0g &4.0 mm 35.0 mm 2%.0 mm 2 100°C Chassis
810911006 WE-CLF3 Single-Stage (B 250V 6.00 A 365 pA  2.20mH  470nF 4.70nF 1.00 M2 30.0 mo 2.00 kv 1.075 kY 74.09 64.0 mm 35.0 mm 29.0 mm 2 100°C Chassis
- 810911008 WE-CLFS Single-stage 507 250V 8.00 A 369 pA  2.20mH  470nF 4.70nF 1.00 M2 20.0 mQ 2.00kv 1.075 ky 76.09 64.0 mm 35.0 mm 29.0 mm 2 100°C  Chassis
* 310911070 WE-CLF3 single-Stage (5o 250V 10.0 A 934pA 1.00mH &BONF 6.80 nF 630 ko 15.0 m 2.00 kv 1.075 kv 75.09 64.0 mm 35.0mm 29.0 mm & 100°C Chassis
810912001 WE-CLFS Single-Stag... [ 250 v 1.50 A 173pA  200mH 220nF 2.20nF 1.00 MO 300 mQ 2.00kv 1.075 kY 129g 75.0 mm 51.8 mm 29.0 mm 2 100°C  Chassis
-+ 210912003 WE-CLFS Single-Stag... [y 250V 3.00 & 259pA 100mH 330nF 3.30nF 1.00 MO 100 m0 2.00 kV 1.075kV 1349 75.0 mm 51.8 mm 29.0 mm 2 100°C Chassis
< : v
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'é'i'iﬂ;'om.. EXPERT Filter Designer

PARAMETERS SELECTION AND SIMULATION SUMMARY

EMI Filter Designer for differential mode:
Use this application to design a discrete electronic EMI filter for conducted differential noise, for example from your DC-DC converter, and evaluate the realistic response based on real components.

Project’s Title: Topology: Advanced
Title O sMD components only

My EMI Filter project 4 L, i

NN
Input parameters: | = J_ J_ g [0 shielded inductors anly
ci C1 C1 Cc2
Operating voltage Operating current o T o o T 8] o T 8] :
High temperature (125°C)
120V 500 mA She ;
DL o o O »i
Load / LISN impedance Moise source impedance O shared input capacitor DC/DC converter

100 Q 100 mQ

L1 L2 L1 L2 L1 L2
GlI C2I C!IC2I
o 1 M. T T M. T T .

Attenuation at Frequency O T-Filter (O ath-Order LC-LC O sth-Order CL-CL
20.0 dB 200 kHz

BEllE i - REDEXPERT’
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DESIGN YOUR EMCFILTER KIT - 744998

What are our EMC filters made of?

= X-Capacitor
Nl = |ncreases the differential mode attenuation

Discharge Resistor
= Discharge of X-Capacitor
= |mportant for safety

@ > J SMD Power Elements
peslﬁ""'f

= High current connection in SMD assembling

. |

Common Mode Choke || Y-Capacitors
= High common made and partly differential mode attenuation = Strongly increases common mode and partly differential mode
attenutation, driving some leakage current to ground

Effect of the single components io the filfer behaviour

57 |cscmenire REDEXPERT®
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DEMO OF AC FILTERING

Carpov Pascual, Field Application Engineer

EXTERNAL WURTH ELEKTRONIK MORE THAN YOU EXPECT



CONTENTS

Demo of AC EMC Filtering

= Materials and tools.
= Test setup.
= Measurements.
= Without filter
= With filter
= Simulations and REDEXPERT.
= Conclusions.

EMC AC LINE FILTER Ll
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MATERIALS AND TOOLS

= Step down transformer
= Bridge rectifier
= FAE demo kit

k7 PicoScope 7 T&M - PicoScope 52440 [JZ244/0039]
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= Configurable filter board = — Lo
= Discrete inductors and capacitors EE' Logarithmic it
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Measurements  Math channets ﬁ

= WE-CLFS parts
= QOscilloscope and spectrum analyzer
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Actions
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TEST SETUP

Picoscope

A Computer
AC Socket With Picoscope SW

a.) without filter

AC-AC Stepdown LISN Buck
220V to 18V

Sw Freq = 390 kHz

b.) with filter(s)

61 EMC AC LINE FILTER
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NOISE FLOOR H o B
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WITHOUT FILTER

(p\?r PicoScope 7 T&M - PicoScope 52440 [J2244/0039]
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WITH CX

F5 PicaScope 7 TBIM - PicoScope 52440 [J7244/0039]
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WITH CX + CMC

:'\:; FicoScope 7 TEM - PicoScope 52440 [JZ244,/0035]
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WITH CX + CMC + CY B v Bl owm
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WITH CX + CMC + CY B v Bl owm
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SIMULATION
Differential Mode
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SIMULATION

Common Mode :
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WITH CLFS
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Impeadance

REDEXPERT
With discrete CX — CMC - CY
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REDEXPERT
With CLFS
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CONCLUSION

= Sufficient filtering is obtained with discrete CX-CMC-CY configuration, like the CLFS single-stage diagram, for the given test setup.

= Simulation and REDEXPERT data support the discrete filters measurement results, having enough attenuation on the suspected
frequencies.

= With proper component selection, using discrete components can also have favorable filtering results like the CLFS filters.

= Need to ensure appropriate grounding setup to have optimized measurements.
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THANK YOU
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