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WHY DO WE NEED FILTER?

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

Limits defined by standard

https://redexpert.we-online.com/redexpert/#/
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Live (Positive)

Earth (Ground)

▪ 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

Neutral (Return)

Cs

Against Differential Mode Noise

Use a differential Ferrite or choke

Against Common Mode Noise

Use a Common mode Choke 

TRANSMISSION MODE 

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

Line

https://redexpert.we-online.com/redexpert/#/
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DIFFERENT TYPE OF NOISES

EMC AC LINE FILTER
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▪ Common Mode Noise ▪ Differential Mode Noise

▪ Both Common Mode and Differential Mode Noises

Use a capacitor

https://redexpert.we-online.com/redexpert/#/
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WHAT IS A FILTER?
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https://redexpert.we-online.com/redexpert/#/
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EMISSION VS. IMMUNITY

EMC AC LINE FILTER
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▪ Emission
▪ We measure the noise generated by the 

product.

▪ Use of filter
▪ To reduce the noise generated by the 

product.

▪ Immunity / Susceptibility
▪ We try to disturb the product

▪ Use of filter
▪ To reduce the noise which came from external sources.

https://redexpert.we-online.com/redexpert/#/
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FILTER TOPOLOGY
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Topology Output ImpedanceInput Impedance

↑ ↑

↓ ↓

↑ ↓

↓ o ? ↓ o ?

↑ o ? ↑ o ?

𝑋𝐶 =
1

2𝜋𝑓C

𝑋𝐿 = 2𝜋𝑓𝐿

T-Filter

Pi-Filter

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

EMC AC LINE FILTER
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Low pass

High pass

▪ Attenuate high frequency signals

▪ Low frequency signals go through
without attenuation

▪ Attenuate low frequency signals

▪ High frequency signals go through
without attenuation

Number of order = Number of reactive (L or C) parts

https://redexpert.we-online.com/redexpert/#/
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WHAT DO WE WANT TO FILTER?

EMC AC LINE FILTER
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▪ 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

Lowpass

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


14

MAIN PARAMETERS

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

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

filter at the intended cutoff frequency.

▪ Attenuation (𝐴)
▪ 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.

https://redexpert.we-online.com/redexpert/#/
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QUESTION #1

Capacitors can be used to filter what mode(s) of noise?
a) Differential mode.
b) Standby mode.
c) Transmission mode.
d) Common mode.

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

https://redexpert.we-online.com/redexpert/#/
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EXAMPLE – IDEAL LOW-PASS FILTER 1ST ORDER
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▪ Ideal filter
▪ No parasitics

Cutoff frequency : 

𝒇𝒄 =
𝟏

𝟐𝝅𝑹𝑪

=
1

2 ∗ 𝜋 ∗ ( 50 + 10 ∗ 50/(50 + 10 + 50)) ∗ 100 ∗ 10−12

= 58.36 MHz

Cutoff frequency

@ 3dB attenuation

58,36 MHz

Attenuation per decade

20dB/dec

https://redexpert.we-online.com/redexpert/#/
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EXAMPLE – IDEAL LOW-PASS FILTER 2ND ORDER
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▪ Ideal filter
▪ No parasitics

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

EMC AC LINE FILTER
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▪ Simulation

𝑅𝑖𝑛𝑝𝑢𝑡 = 0.1/50/100 𝑂ℎ𝑚

0.1 ohm

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

EMC AC LINE FILTER
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▪ Simulation

𝑅𝑜𝑢𝑡𝑝𝑢𝑡 = 0,1/50/100 𝑂ℎ𝑚

100 ohm

https://redexpert.we-online.com/redexpert/#/
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QUESTION #2

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

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

3rd order = 3 reactive components

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

EMC AC LINE FILTER
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▪ Topology
combination of differential and common mode

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

EMC AC LINE FILTER
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▪ Resistance Value Selection

• R should be as high as possible -> Low Power consumption

• R should be as small as possible to discharge fastly

??

rule: 𝜏 = 𝑅𝐶 < 1

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

EMC AC LINE FILTER
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▪ Calculation

810912020

▪ Example: Single-Stage Advanced PN: 810912020

𝐶𝐺𝑒𝑠 = 2 × 1µ𝐹 ∗ 1.1 + 5𝑛𝐹 ∗ 1.2

𝐶𝐺𝑒𝑠 = 2,206µ𝐹

𝜏 (𝑅𝐶 𝑡𝑖𝑚𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡) = 𝑅𝐶𝑔𝑒𝑠 -> τ=1

𝑅 =
1

𝐶𝑔𝑒𝑠
=453309Ω -> Maximum value

▪ Next possible value: 330k Ω *1.1 = 363k Ω

810912020:
Cx =   1µF +10% tolerance
Cy = 10nF + 20% tolerance

https://www.we-online.com/components/products/datasheet/810912020.pdf
https://www.we-online.com/components/products/datasheet/810912020.pdf
https://www.we-online.com/components/products/datasheet/810912020.pdf
https://redexpert.we-online.com/redexpert/#/
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LEAKAGE CURRENT

EMC AC LINE FILTER
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𝐼𝐿𝐸𝐴𝐾 = 2π ∗ 𝑓 ∗ 𝐶𝑌𝐿 ∗ 𝑉

according to 60939-1

L

PE

▪ Neutral Line Interruption (worst case)

𝐼𝐿𝐸𝐴𝐾 = 2π ∗ 𝑓 ∗ 𝐶𝑔𝑒𝑠 ∗ 𝑉

▪ Regular Operation

𝐼𝐿𝐸𝐴𝐾 < 3.5 mA

https://webstore.iec.ch/publication/3947
https://redexpert.we-online.com/redexpert/#/
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COMMON MODE

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


29

COMMON MODE

EMC AC LINE FILTER
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▪ Example. 810911010

https://www.we-online.com/en/components/products/WE-CLFS?sq=810911010#810911010
https://redexpert.we-online.com/redexpert/#/
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DIFFERENTIAL MODE

EMC AC LINE FILTER
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https://redexpert.we-online.com/redexpert/#/
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DIFFERENTIAL MODE
Lleak is the leakage current inductance

Lleak 1% of L CMC

Why here Cy/2?

Whats the difference? 

What happen here with the two caps?

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

https://redexpert.we-online.com/redexpert/#/
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DIFFERENTIAL MODE EXAMPLE

▪ Example: 810911010

EMC AC LINE FILTER
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https://www.we-online.com/en/components/products/WE-CLFS?sq=810911010#810911010
https://redexpert.we-online.com/redexpert/#/
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EXAMPLE: 810911010

Common Mode

810911010 Datasheet
▪ Actual measurements

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

https://www.we-online.com/components/products/datasheet/810911010.pdf
https://www.we-online.com/components/products/datasheet/810911010.pdf
https://www.we-online.com/components/products/datasheet/810911010.pdf
https://www.we-online.com/en/components/products/WE-CLFS?sq=810911010#810911010
https://redexpert.we-online.com/redexpert/#/
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HOW TO CREATE A GOOD FILTER?

▪ Common or differential mode noise?

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

▪ What attenuation do we need?
▪ Choose the “right“ CMC
▪ Number of reactive parts

▪ Source and load impedance
▪ In datasheet we show 50/50 ohm for reference.

▪ Special requirements?
▪ Medical devices

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

https://redexpert.we-online.com/redexpert/#/
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CORE MATERIAL AND FREQUENCY
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https://www.we-online.com/components/media/o689028v410%20cm-additional-info-emi-suppression-mains-power-lines.pdf
https://www.we-online.com/components/media/o689028v410%20cm-additional-info-emi-suppression-mains-power-lines.pdf
https://redexpert.we-online.com/redexpert/#/
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QUESTION #3

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

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

DMCM

https://redexpert.we-online.com/redexpert/#/
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WE-CLFS SCHEMATICS
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https://www.we-online.com/en/components/products/WE-CLFS
https://www.we-online.com/en/components/products/WE-CLFS
https://www.we-online.com/en/components/products/WE-CLFS
https://redexpert.we-online.com/redexpert/#/
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WE-CLFS MATCH CODE SETUP

WE-Article number
Rated Current 

IR [A]

Inductance

L1 and L2 [mH]

Y-Capacitors

Cy [nF]

X-Capacitors

Cx [µF]

bleeding resistor

R [kOhm]

810912001 1.5 20 2.2 0.22 1000

810912003 3 10 3.3 0.33 1000

810912006 6 10 3.3 0.33 1000

810912008 8 6 4.7 0.47 680

810912010 10 6 4.7 0.47 680

810912012 12 2.2 6.8 0.68 470

810912014 14 2.2 6.8 0.68 470

810912020 20 1 10 1 330

+ + +- -

We increase the rated current, stable performance is required, following effects appear:

▪ Inductance Drop: Using a thicker wire while using the same core -> Less turns possible

▪ CY increases to compensate decreasing inductance

▪ CX increases to compensate decreasing leakage inductance

▪ R decreases to keep 𝜏 = 𝑅𝐶 < 1

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

https://redexpert.we-online.com/redexpert/#/
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WE-CLFS INSERTION LOSS

▪ Different system impedances possible (worst case)

▪ 0.1Ω/100Ω & 100Ω/0.1Ω also available up to 100 MHz

▪ Asymmetrical = Common mode

▪ Symmetrical = Differential mode

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

https://redexpert.we-online.com/redexpert/#/
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WE-CLFS RATED CURRENT

Rated Temperature Max. Temperature Rise @ Rated Temperature

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

https://redexpert.we-online.com/redexpert/#/
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WE-CLFS DERATING

Rated Temperature

Max. Operating Temperature

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

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

EMC AC LINE FILTER
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https://www.we-online.com/components/media/o156212v446%20Catalogue_EMC%20Filters%20%28rev1%29.pdf
https://www.we-online.com/components/media/o156212v446%20Catalogue_EMC%20Filters%20%28rev1%29.pdf
https://redexpert.we-online.com/redexpert/#/


47

WE-CLFS MOUNTING INSTRUCTIONS
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https://www.we-online.com/components/media/o761458v410%20WE-eiSos_Montageanleitung_WE-CLFS_A4_Digital_L8.pdf
https://redexpert.we-online.com/redexpert/#/
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WE-CLFS MOUNTING INSTRUCTIONS
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https://www.we-online.com/components/media/o761458v410%20WE-eiSos_Montageanleitung_WE-CLFS_A4_Digital_L8.pdf
https://redexpert.we-online.com/redexpert/#/
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IMPROVING THE DESIGN – V1.0

4
7
0

Filter

SMPS
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https://redexpert.we-online.com/redexpert/#/
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IMPROVING THE DESIGN – V1.1

Filter

4
7
0

SMPS
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https://redexpert.we-online.com/redexpert/#/
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IMPROVING THE DESIGN – V2.0

Filter

4
7
0

SMPS

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

https://redexpert.we-online.com/redexpert/#/
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MORE THAN YOU EXPECT!

▪ WE use Film Capacitors
▪ have a good temperature and aging behavior

▪ S-Parameters & LT-Spice Models
▪ made from S-parameters
▪ We are the only manufacturer that has this.

vs.

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

https://redexpert.we-online.com/redexpert/#/module/11
https://www.we-online.com/en/components/products/WE-CLFS
https://redexpert.we-online.com/redexpert/#/
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REDEXPERT
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https://redexpert.we-online.com/we-redexpert/en/#/home
https://redexpert.we-online.com/redexpert/#/
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REDEXPERT
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https://redexpert.we-online.com/redexpert/#/module/32
https://redexpert.we-online.com/redexpert/#/
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REDEXPERT

EMC AC LINE FILTER
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https://redexpert.we-online.com/emifd/en/#/filter-designer/params-form
https://redexpert.we-online.com/redexpert/#/


57

DESIGN YOUR EMC FILTER KIT - 744998
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https://www.we-online.com/en/components/products/DESIGNKIT_744998
https://www.we-online.com/en/components/products/DESIGNKIT_744998
https://redexpert.we-online.com/redexpert/#/
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▪ Materials and tools.
▪ Test setup.
▪ Measurements.

▪ Without filter
▪ With filter

▪ Simulations and REDEXPERT.
▪ Conclusions.

Demo of AC EMC Filtering

CONTENTS
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* Some presentation images have clickable web links

A hand cursor pointing at something

Description automatically generated

https://www.we-online.com/en/products/components/overview
https://redexpert.we-online.com/redexpert/#/
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MATERIALS AND TOOLS

▪ Step down transformer
▪ Bridge rectifier
▪ FAE demo kit

▪ Line Impedance Stabilization Network (LISN)
▪ Step down DC-DC converter (Buck)
▪ Load
▪ Configurable filter board

▪ Discrete inductors and capacitors
▪ WE-CLFS parts
▪ Oscilloscope and spectrum analyzer
▪ Multimeter

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

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

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

AC Socket

AC-AC Stepdown
220V to 18V

b.) with filter(s)

LISN Buck
Sw Freq = 390 kHz

Load

Picoscope

Rectifier

Computer
With Picoscope SW

a.) without filter

https://www.we-online.com/en/components/products/WE-CLFS
https://redexpert.we-online.com/redexpert/#/
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NOISE FLOOR

EMC AC LINE FILTER
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DMCM

https://redexpert.we-online.com/redexpert/#/
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WITHOUT FILTER

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

DMCM

Transformer

LISN Filter Board Rectifier
Buck Load

Ground Plane

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

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

DMCM

+

-

Cx – 8903240230250.15 uF

Cx – 890324023025
0.15 uF

https://www.we-online.com/en/components/products/DESIGNKIT_744998
https://www.we-online.com/en/components/products/datasheet/890324023025.pdf
https://www.we-online.com/en/components/products/datasheet/890324023025.pdf
https://redexpert.we-online.com/redexpert/#/
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WITH CMC

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

DMCM

CMC – 7448223011 mH

CMC – 744822301
1 mH

+

-

https://www.we-online.com/components/products/datasheet/744822301.pdf
https://www.we-online.com/components/products/datasheet/744822301.pdf
https://www.we-online.com/en/components/products/DESIGNKIT_744998
https://redexpert.we-online.com/redexpert/#/
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WITH CX + CMC

EMC AC LINE FILTER
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DMCM

Cx – 8903240230250.15 uF

Cx – 890324023025
0.15 uF

CMC – 7448223011 mH

CMC – 744822301
1 mH

+

-

https://www.we-online.com/en/components/products/datasheet/890324023025.pdf
https://www.we-online.com/en/components/products/datasheet/890324023025.pdf
https://www.we-online.com/components/products/datasheet/744822301.pdf
https://www.we-online.com/components/products/datasheet/744822301.pdf
https://www.we-online.com/en/components/products/DESIGNKIT_744998
https://redexpert.we-online.com/redexpert/#/
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WITH CX + CMC + CY

EMC AC LINE FILTER
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DMCM

+

-

Cx, Cy – 8903240230250.15 uF

Cx, Cy – 890324023025
0.15 uF

CMC – 7448223011 mH

CMC – 744822301
1 mH

https://www.we-online.com/en/components/products/datasheet/890324023025.pdf
https://www.we-online.com/en/components/products/datasheet/890324023025.pdf
https://www.we-online.com/components/products/datasheet/744822301.pdf
https://www.we-online.com/components/products/datasheet/744822301.pdf
https://redexpert.we-online.com/redexpert/#/
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WITH CX + CMC + CY

EMC AC LINE FILTER
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DMCM

+

-

Cy – 885352211002680 pF

Cy – 885352211002
680 pF

Cx – 8903240230250.15 uF

Cx – 890324023025
0.15 uF

CMC – 7448223011 mH

CMC – 744822301
1 mH

https://www.we-online.com/katalog/en/datasheet/8853522110021
https://www.we-online.com/katalog/en/datasheet/8853522110021
https://www.we-online.com/en/components/products/datasheet/890324023025.pdf
https://www.we-online.com/en/components/products/datasheet/890324023025.pdf
https://www.we-online.com/components/products/datasheet/744822301.pdf
https://www.we-online.com/components/products/datasheet/744822301.pdf
https://redexpert.we-online.com/redexpert/#/
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WITH CX + CMC + CY 680 + CX

EMC AC LINE FILTER
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DMCM

+

-

Cy – 885352211002680 pF

Cy – 885352211002
680 pF

Cx1, Cx2 – 8903240230250.15 uF

Cx1, Cx2 – 890324023025
0.15 uF

CMC – 7448223011 mH

CMC – 744822301
1 mH

https://www.we-online.com/katalog/en/datasheet/8853522110021
https://www.we-online.com/katalog/en/datasheet/8853522110021
https://www.we-online.com/en/components/products/datasheet/890324023025.pdf
https://www.we-online.com/en/components/products/datasheet/890324023025.pdf
https://www.we-online.com/components/products/datasheet/744822301.pdf
https://www.we-online.com/components/products/datasheet/744822301.pdf
https://redexpert.we-online.com/redexpert/#/
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SIMULATION
Differential Mode

EMC AC LINE FILTER
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Lleak = 1% of CMC L
0.00001 = 1% of 1mH

https://redexpert.we-online.com/redexpert/#/
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SIMULATION
Common Mode

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

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

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

DMCM

CLFS – 810911001

CLFS – 810911001

https://www.we-online.com/katalog/en/datasheet/810911001
https://www.we-online.com/katalog/en/datasheet/810911001
https://we-online.com/re/5tZ3KF2b
https://redexpert.we-online.com/redexpert/#/
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WITH CLFS

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

DMCM

CLFS – 810913006

CLFS – 810913006
A circuit board with wires

Description automatically generated

https://www.we-online.com/katalog/en/datasheet/810913006
https://www.we-online.com/katalog/en/datasheet/810913006
https://we-online.com/re/5tZ3KF2b
https://redexpert.we-online.com/redexpert/#/
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REDEXPERT
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With discrete CX – CMC - CY

Cx 8903240230250.15 uF

Cx 890324023025
0.15 uF

CMC – 7448223011 mH

CMC – 744822301
1 mH

Cy – 885352211002680 pF

Cy – 885352211002
680 pF

https://www.we-online.com/en/components/products/datasheet/890324023025.pdf
https://www.we-online.com/components/products/datasheet/744822301.pdf
https://www.we-online.com/katalog/en/datasheet/8853522110021
https://www.we-online.com/en/components/products/datasheet/890324023025.pdf
https://www.we-online.com/katalog/en/datasheet/8853522110021
https://www.we-online.com/components/products/datasheet/744822301.pdf
https://redexpert.we-online.com/redexpert/#/
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With CLFS

https://www.we-online.com/katalog/en/datasheet/810911001
https://www.we-online.com/katalog/en/datasheet/810913006
https://redexpert.we-online.com/redexpert/#/
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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.

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

https://www.we-online.com/components/media/o156212v446%20Catalogue_EMC%20Filters%20%28rev1%29.pdf
https://www.we-online.com/en/components/products/DESIGNKIT_744998
https://redexpert.we-online.com/redexpert/#/
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THANK YOU

EMC AC LINE FILTER
EXTERNAL | CPASCUAL | APRIL 2025

Christchurch: Mark.Toi@we-online.com

Christchurch: Mark.Toi@we-online.com

Auckland: Tasi.Samu@we-online.com

Auckland: Tasi.Samu@we-online.com

FAE: Carpov.Pascual@we-online.com

https://redexpert.we-online.com/redexpert/#/
mailto:Mark.Toi@we-online.com
mailto:Tasi.Samu@we-online.com
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