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AGENDA

= Differential EMI Filter.

= Low Pass Filter topologies.
= Main parameters.

= Solution using REDEXPERT.

= Application examples.
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INTRODUCTION TO
DIFFERENTIAL EMI FILTER




DIFFERENTIAL EMI FILTER
What is it?

It's a filter designed to attenuate differential mode
noise — REDEXPERT focuses on Power Supply
Lines.

» Transformer outputs.

= \/cclines.

= DC-DC converters.

Noise has a higher frequency than the useful signal.

= Alow pass filter is needed:

4|

= To pass the low-frequency (or CC) useful signal.
= To attenuate the high-frequency noise.
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DIFFERENTIAL EMI FILTER

How does it work?

= The useful signal goes through the filter mostly unaffected.

= The noise is attenuated by the filter.

Dissipated as heat

< <

Source mEp .

. -
NOISE Reflection

Sent to GNDl

5 | EMI FILTER DESIGNER - REDEXPERT

OSCAR GONZALEZ | AUGUST 2024 | WE DAYS



LOW PASS FILTER
TOPOLOGIES




LOW PASS FILTER TOPOLOGIES
Topologies in REDEXPERT

Passive
filter
topologies
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LOW PASS FILTER TOPOLOGIES

Selection criteria

= Arrangement of capacitors and ferrites: = QOrder of the filter — Number of passive components:
= Zsource >Z load 2|Ferrite first. = The more the dB per decade, the more passive
= Zsource =Zload = Ferrite or Capacitor first. components — 20 dB per decade per component.
= Zsource < Z load ->|Capacitor first.

Project’s Title: Topology:

Title

My EMI Filter project u u [&]

A A I I 60 dB from 150 kHz to 1.5 MHz
c1 c1 cl c2

Input parameters: (1 decade)

Operating voltage Operating current 9 3 paS sive com p onen tS '

12V 1A Ot Qua @ -
Load / LISN impedance Moise source impedance
1000 100
u 12 [&] 12 u 12

Cut-off frequency o o o o .

150 kHz I I I I I

Attenuation at Frequency

60dB 1500 kHz QO T-Filter (O sth-Order LC-LC (O sth-Orderci-cL
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MAIN PARAMETERS

9 | EMI FILTER DESIGNER - REDEXPERT

OSCAR GONZALEZ | AUGUST 2024 | WE DAYS




MAIN PARAMETERS

System Parameters

System

Parameters
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Operating

From the power supply

line (source).

\/oltage

From the power supply
=——>| line (source) — Add 40% to

Current compensate for peaks.

Operating

If unknown, for power
-_— lines its typically 10
Impedance Ohms.

Source

L oad If unknown, for power

lines its typically 10
Impedance Ohms.




MAIN PARAMETERS

Attenuation Requirements

Considerations

Cut-off Frequency at which we = Cut-0Off Frequency
—>| want the filter to start the must be lower than
Frequency attenuation. the Attenuation at

Attenuation Frequency.

Requirements = At least one value

Attenuation Enter the target of must be filled out.
-_— attenuation at a given

at Frequency frequency.

= (Conducted emissions:
150 kHz — 30 MHz.
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SOLUTION USING
EXPERT
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SOLUTION USING REDEXPERT

Parameters

= USB 3.1 60W — Low pass filter for the VVcc line. = (QOperating voltage: 20V.

= (QOperating current: 3 A — 5 A to prevent peaks.
= Source impedance: 10 Ohms.

» Load impedance: 10 Ohms.

= Cut-Off frequency: 100 kHz.
= Special interest at 5MHz, attenuation of 100 dB.
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SOLUTION USING REDEXPERT

Parameters
Project’s Title: Topology:
Title
Power Line USB 3.1 60W L1 L1 L1

Input parameters:

Operating voltage

Operating current

20V 5A
Load / LISM impedance Moise source impedance
100 100
Cut-off frequency
100 kHz
Attenuation at Freguency
100 dB 5000 kHz
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L1 L2 L1 L2

ol el
— 1 . 1 1.

(O T-Filter (O sth-Order LC-LC

L1 L2

wlad

CT°T

.

(O sth-OrdercL-cL



SOLUTION USING REDEXPERT
Selection and simulation - Capacitors

Power Line USE 3.1 60W

L1
33.0 pH

15 |

C@z20.0V
1.?:113 WF T 1.E§p|= T 1.00uF 163 nF
o O
The voltage across a capacitor decreases

L o [ oy assmo its capacitance — REDEXPERT considers
R = the capacitance drop to pick the right part.
c2 J_|: 1.00 uF 250V 8.58 mn
Details
Calculated C1 Capacitance Calculated C2 Capacitance
159 nF 159 nF

Calculated L1 Inductance

31EpH

Insertion Loss

-108 dB@5.00 MHz
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SOLUTION USING REDEXPERT
Selection and simulation - Ferrite / Inductor

Power Line USE 3.1 60W

L1
33.0 pH

0w | oo | 33.0H
o '}
The current driven in a ferrite decreases
L o :ov  assmo its inductance — REDEXPERT considers
1 ovene s3opH | s0a 3somo the inductance drop to pick the right part.

L
=
c2 T 1.00 uF 250V 8.58 mn -e

Details

Calculated C1 Capacitance Calculated C2 Capacitance
159 nF 159 nF

Calculated L1 Inductance Insertion Loss

IMBpH -108 dB@5.00 MHz
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SOLUTION USING REDEXPERT

Selection and Simulation - Insertion Loss

Cut Off at 100 kHz

-3dB of attenuation

Insertion Loss

10.0dB

-10.0 dB
-30.0de
-50.0 dB
-70.0 dB
-90.0 dB
-110dB
-130dB
-150dB
-170 dB
1.00 kH=z 10.0 kHz 100 kHz 1.00 MHz 10.0 MHz

-108 dB at 5 MHz
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SOLUTION USING REDEXPERT

Summary

Circuit Schematic

L1
T e

1
1 .

Lo

C1

1
i

c2

Bill Of Materials

Specifications Edit

EXPERT Filter Designer

"Power Line USB 3.1 60W"

_ PARAMETERS SELECTION AND SIMULATION
TYPE: Pi

Veop: 200V

lop: 5.00 A

LOAD / LISM IMPEDAMNCE: 10.0 0
MNOISE SOURCE IMPEDANCE: 10.0 0
ILOSS -108 dB(@5.00 MHz

= ADD

# N.. Order Code Value Properties Oty

1. C1... | 885012106022 1.00pF  Assembling Technology =SMT 2

Capacitance = 1.00 pF
Rated Voltage = 25.0V
Height = 800 pm

2. L1 TLLTT04330 33.0pH  Inductance = 33.0 pH 1
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SUMMARY

Print the summary




APPLICATION EXAMPLES
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APPLICATION EXAMPLES

Example 1

= QOffer a filter for an output of a Boost Converter:
= The output power is 24W (48 V @ 0.5 A) — Add
more current for peaks, 0.7 A.
= Cut-Off frequency required at 25 kHz
= Power line — Consider 10 Ohms impedance
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Bl

o

£ —

¢ | I Mo

g -

J

& @

20 | EMI FILTER DESIGNER - REDEXPERT

OSCAR GONZALEZ | AUGUST 2024 | WE DAYS



APPLICATION EXAMPLES

Example 1 - Summary

Insertion Loss

20.0dB

Circuit Schematic Specifications Edit
"Boost Converter 246W" ;00 48
L1
TYPE: LC

[ | 20.0dB

—|— Unp: LBO0V

o } o lop: BOO0 M
LOAD f LISM IMPEDAMNCE: 10,00 400dB

MOISE SOURCE IMPEDAMCE: 10.0 0
ILOSS -5.92 dB(@25.0 kHz

-60.0dB

Bill Of Materials @ ADD #0048

# N.. Order Code Value Properties Qty
-100dB
1. C1 885012210032 2.20pF  Assembling Technology = SMT 1
Capacitance = 2.20 gF A20d8

Rated Voltage = 50.0 V
Height = 2.50 mm

-140dB

2. L1 TL4TL62101 100 pH Inductance = 100 pH 1
Rated Current = 800 mA

-160dB
1.00 kHz 10.0kHz 100 kHz 1.00 MHz 10.0 MHz
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APPLICATION EXAMPLES

Example 2

= Offer a filter for an output of a battery:
= The battery provides 18 A up to 50 VDC (nominal
36 VDC) — Let's set the current to 25 A for peaks.
= (Cut off frequency at 150 kHz — 120 dB needed at
30 MHz

>—_—o/c &
]’ SAANS 1y
§ k Iff
(W] rd
g \ s i\
c N ’ :
o 4 i
o ; ,f
Fr
~ AY Y Y4
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APPLICATION EXAMPLES

Example 2 - Summary

Insertion Loss

20.0 dB

Circuit Schematic Specifications Edit
"Eattew " 0.00 d8
L1
” - TYPE: Pi
e -|— == Vop: 50.0V e
fa ! e ||:||}: 250A
LOAD / LISN IMPEDANCE: 10.0 0 o

MNOISE SOURCE IMPEDAMNCE: 10.00
ILOSS -126 dB({@30.0 MHz

-60.0 dB

Bill Of Materials E ADD -20.0de

# N... Order Code Value Properties Oty

<100 dB

s C1... 885012207100 220nF Assembling Technology = SMT 2
Capacitance = 220 nF
Rated Voltage = 50.0 V
Height = 1.25 mm

-120dB

-140 dB
2. L1 T443763540220 22.0pH Inductance = 22.0 pyH 1
Rated Current = £0.6 A

<160 dB
1.00 kHz 10.0kHz 100 kHz 1.00 MHz 10.0 MHz
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APPLICATION EXAMPLES

Example 3

= QOffer a filter for the output of the transformer
750370041:
= Qutput of 5 V at 1 A (let's do 15 A to
compensate for peaks).
= Switching at 1 MHz — Cut off at the frequency of
operation, interest of 40 dB at 30 MHz.

> P eaaany
/
!
/
!
!
5 /
v /
a — /
=
8 /
f’
/
!
!
______
> |—a—r"ryMm °

GND A
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APPLICATION EXAMPLES

Example 3 - Summary

Insertion Loss

10.0dB

Circuit Schematic Specifications Edit
0.00 dB
"Transformer"
L1
TYPE: LC
1 -10.0de
—|— Vop: 500V
o . o lop: 1.50 A
LOAD / LISN IMPEDANCE: 10.0 0 20048

MNOISE SOURCE IMPEDAMCE: 10.0 0
ILOSS -65.8 dB@30.0 MHz

-30.0de

Bill Of Materials 0048

# N.. Order Code Value Properties Qty

-50.0dB
1. C1 885012205015 33.0nF  Assemnbling Technology = SMT 1
Capacitance = 33.0 nF
Rated Voltage = 10.0 W
Height = 500 pm

-60.0dB

-fo.0de

2. L1 74438343022 2.20pH Inductance = 2.20 pH 1
Rated Current = 1.65 4

-80.0de
1.00 kHz 10.0 kHz 100 kHz 1.00 MHz 10.0 MHz
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QUESTIONS?
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CHAT WITH US!

= Ljve Technical Chat

= Real People

= Sales Support

= Engineering Assistance

= Quick Problem Solving

www.we-online.com/en/components/products " 24 hours Monday - Friday
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http://www.we-online.com/en/components/products

THANK YOU
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