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210kHz

320kHz

430kHz
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Filter
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The need for filters

Conducted interference

Radiated interference!!!

10

from 30 MHz

150kHz to 30 MHz
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Typ. Design of a filter

Differential mode

Common mode

Same effect in DM and CM?



06.09.2019   |   Public   |   EMC Filters - From components to design

© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us.                       www.we-online.com

Topology

Number of reactive components?Effects on the filter?

Filtering through reflection

or dissipation
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COMMON MODE FILTERS
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The problem

Conducted interference

Radiated interference!!!
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The solution
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Structure
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Differential mode

Current flow

Magnetic flux

18
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Common mode

Current flow

Magnetic flux
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Simulation – 1 winding
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Simulation – Differential mode
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Simulation - Zoom – 20x
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Permeability – complex permeability

Impedance from core and 

windings

Impedance of winding 
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Materials – Inductors (Storage)
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Materials – Choke (Filter)
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Winding styles

Sectional Bifilar
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Winding styles – Common mode
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Winding styles – Differential mode
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Insertion loss

Zo = 50 Ohm

29
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Insertion loss – 4 Ports

30

S-Parameters!

100/100 Ohm Insertion Loss Diff Mode

50/50 Ohm Insertion Loss Diff Mode

100/100 Ohm Insertion Loss Common Mode

50/50 Ohm Insertion Loss Common Mode
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Rated current

Temperature chamber

Gen.
Temp.
meterSource
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Derating

ΔT = 55 K

TR = 70 °C TMAX = 125 °C

32
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Saturation
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DIFFERENTIAL MODE FILTERS
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Construction of a differential mode filter

35

Material – High losses

MnZn

Iron powder

Relevant parameter

Frequency characterization

Impedance

Saturation? Rated current?

WE-SD

WE-FI
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Impedance

36
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WE-SD 744711010 – 10 µH

WE-FI 7447026 – 10 µH
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What am I filtering?
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Common mode attenuation
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Differential mode attenuation
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It is all about the parasitics! 

Depending on the shape, number of turns, material, etc.

40
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Working voltage

250 V

760 V

20 – 60 V

41



06.09.2019   |   Public   |   EMC Filters - From components to design

© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us.                       www.we-online.com

Temperature – WE-CMB

42
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Temperature – WE-CMBNC
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What am I filtering?
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CY – Leakage current

45

𝐼𝐿𝐾 = 2 ∗ 𝜋 ∗ 𝑓𝑅 ∗ 𝑈𝑅 ∗ 𝐶𝑌

𝐼𝐿𝐾 =
𝑈𝑅
𝑍𝐶𝑌
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 VR: 250 V (AC/DC)

 1-Phase Filter

 Climatic Category 25/100/21

(from -25 to +100°C /

21 days Humidity test)

 Fast on connectors (max. 20A)

 Chassis Mounting (M4) 

 Certifications:

WE-CLFS  Complete Line Filter Solution

Single-Stage Single-Stage 

Advanced

Two-Stage
46
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WE-CLFS  Complete Line Filter Solution

47
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 During the design of the filter was important to keep the performance through the increasing rated current. The following effects were consider:

 Inductance is reduced. Thicker wire in the same core – Reduced number of turns

 CY increased to compensate the reduction of nominal inductance

 CX increased to compensate the reduction in the leakage inductance due to the small number of turns.

 R reduced to keep 𝜏 = 𝑅𝐶 < 1

WE-CLFS  Complete Line Filter Solution

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

+ + +- -

48
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Simulation of a filter for RS485

Specifications - EMI

 Where could most of the radiation come?

 RS-485 max. Cable length  1,2 km

 1,2 km=
λ
4
 High efficiency Antenna!

 fλ =
c
λ
=
300000kms
4,8km

= 62,5 kHz

16,5 dB

744222

50
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Simulation of a filter for RS485

Specifications – Datarate in differential mode

 Datarate max. 12Mbps (6MHz Base frequency with NRZ)

 3dB frequency defined at 15MHz

 R1=R2=120 Ohm (RS-485)

 C1?

 A = 3dB @ 15MHz!

 After some calculations

 C1=181,38 pF

 What is C1?

Ls = 90nH for 744222

51
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Simulation of a filter for RS485

Specifications - Datarate

 Max Capacitance of the channel 181,38 pF

 TVS Diodes = 56 pF

 Cy = 100 pF

 Cx = 100 pF

 Ctotal?

 Ctotal = 100pF + 56/2pF + 100/2pF = 178 pF

52
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Simulation of a filter for RS485

53

Common Mode

Differential Mode
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Simulation of a filter for RS485

54
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Design your EMC Filter
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Why your filter is not working ....

• Order of filter is correct? • Wrong mode?:

• Wrong orientation?

Z Z

Z Z
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Why your filter is not working ....

• Saturation of inductors? • Parasitics in some frequency?

WE-SD

744710203

WE-CLFS

810912003
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Why your filter is not working ....

• Dangerous location?

• I/O Feedback
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Why your filter is not working ....

• Parasitics in layout? • Potting materials?

• Low cost "equivalents"?
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