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 Practical EMI Filter Design
 Architecture
 Selection (Redexpert)
 Simulation (LT Spice)

 Layout and Tracking
 Practical Example – PoE Type 2 Flyback
 Filter design
 Signal integrity
 LT Spice Simulation vs RTA4004 Measurement

 General Interfaces (USB, RS485, Ethernet, CAN, etc.)
 EMI filtering and OVP 

AGENDA
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PRACTICAL EMI 
FILTER DESIGN

PRACTICAL EMC DESIGN
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Cost

Pre-design Prototype Production Time

• Dependent on when EMC conformity is considered in a design phase

BETTER SAFE THAN SORRY
ECONOMICAL POINT OF VIEW: 

EXTERNAL | M ALALAMI | 21FEB2022
PRACTICAL EMC DESIGN
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ARCHITECTURE

 Multiple stages

 Considers Conducted and Radiated Emissions/Immunity

 Accounts for Common mode and Differential mode transmission

 Includes OVP (ESD/EFT/Surge)

 Considers Layout and Tracking

 Considers practical component and functional shortfalls 

DESIGN CONSIDERATIONS

PRACTICAL EMC DESIGN
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 Noise Mode

 Common Mode Noise
 Differential Mode Noise

Transmitter/

Source

Receiver/

Load
differential

common

Data lines

D-

D+

e.g.: USB

ARCHITECTURE
SIGNAL PROPAGATION

PRACTICAL EMC DESIGN
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Pay attention to:
SRF of used 
components

 small C  = higher SRF

Choose ferrite bead
= build no resonance with C 
= broadband filter 

Source Impedance Load Impedance

C

L CC

L

L

C

L

ARCHITECTURE
DIFFERENTIAL FILTER TOPOLOGIES
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ARCHITECTURE

 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

COMMON MODE CHOKE – PRINCIPLE OF OPERATION

PRACTICAL EMC DESIGN
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SELECTION

• DC Bias Effect

• Parasitic effects (e.g. Leakage Inductance)

• Temperature

• Impedance vs Frequency

• Most important ………

• Availability !!!

COMPONENT SELECTION CONSIDERATIONS

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022



10

SELECTION
CHIP FERRITES DC BIAS

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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• SRF moves to higher frequency

• Impedance decrease 
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SELECTION
BEHAVIOR OF THE  IMPEDANCE AT TEMPERATURE

PRACTICAL EMC DESIGN
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SELECTION
MLCC VOLTAGE DEPENDENCE

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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SELECTION
SELECTION TOOL - REDEXPERT

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

 Jochen Baier
 2015-06-11
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SELECTION
REDEXPERT - USER INTERFACE

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

Graph 2

Graph 1

STORAGE

SELECTION TABLE

Design
Tools
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https://www.we-online.com/redexpert/#/module/1

www.we-online.com/redexpert

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

https://www.we-online.com/redexpert/#/module/1
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SELECTION
FILTERING OF INPUT AND OUTPUT - EMI FILTER DESIGN

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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SIMULATIONS

 Conducted Emissions (CE) and Radiated Emissions (RE)

 Damping

 Leakage Effect

 Oscillation (Instability)

 Time domain

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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SIMULATIONS – COMMON MODE FILTER DESIGN 

 Power Supply Switching Frequency Considerations (L)
 EMI Higher Frequency Considerations (Z)
 Layout and Tracking
 Capacitor with and without Damping

WITH CHASSIS / EMC GROUND

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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SIMULATIONS - COMMON MODE FILTER DESIGN 

 Load Impact
 Capacitor Damping

DM (LEAKAGE) EFFECT

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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WE-MPSB
74279226101

SIMULATIONS

 Load Impact
 EMI Higher Frequency Considerations
 Pulse Rating (WE-MPSB) 
 Layout and Tracking
 Capacitor Damping

RE DIFFERENTIAL MODE FILTER DESIGN

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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Source: LT Website

SIMULATIONS

Start Up Conditions:
No EMI Filters on I/P or O/P
Max Vin = 30V
Vout = 5V, Min Load 50mA (DCM)
Actual filter component models 
used (no ideals)

RE DIFFERENTIAL MODE FILTER DESIGN – BUCK EXAMPLE 

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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I/P and O/P

Ferrites

Introduced

Start up

Transient

Steady State

Reached

No Filters

2.6ms

O/P Cap

Introduced

(Not Damped)

3.0ms

Dynamic

Load

Transient

3MHz

3.4ms

3MHz Load

Transient

OFF

3.7ms

Step Load

Transient

FL → LL

4.5ms

O/P Cap

Damped

3.6ms

Step Load

Transient

LL → FL

4.0ms

Output Voltage

SIMULATIONS
RE DIFFERENTIAL MODE FILTER DESIGN – BUCK EXAMPLE 

PRACTICAL EMC DESIGN
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SIMULATIONS
EMI FILTER DESIGN – RE ARCHITECTURE

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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Modeled Part Numbers:

Inductor: PD1280 744 770 127 27uH

Capacitor C1: 885012210032 MLCC1206 2,2uF

Capacitor Cd: 885012209028 MLCC1210 10uF

Resistor R: 4 OHm

SIMULATIONS
CE DIFFERENTIAL MODE FILTER DESIGN

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

LTSpice_SIM/LC_filter_2016.asc
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R𝐷𝑎𝑚𝑝 = 0.1

R𝐷𝑎𝑚𝑝 = 0.5, 1, 2

Effect of negative resistance with a 2nd order filter DC

DC

RL
UOutUIn

IoutIIn

PIn ~ Pout

VIn * IIn = VOut * IOut

∆V/∆I < 0

SIMULATIONS
CE DIFFERENTIAL MODE FILTER DESIGN

PRACTICAL EMC DESIGN
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CE DIFFERENTIAL MODE FILTER DESIGN – BUCK EXAMPLE

Synchronous Buck Converter Specification 

Vin = 10V

Vo = 5V

Iout = 5A (FL)

Iout = 50mA (LL)

Fs = 700kHz

LC input filter

Where is the Damping?

RDamp = ESR of Electrolytic

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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CE DIFFERENTIAL MODE FILTER DESIGN – BUCK EXAMPLE

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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LT SPICE SIMULATION – MAINS FILTER EXAMPLE

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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LAYOUT & TRACKING

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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TYPE 2 POE FLYBACK CONVERTER (LT3758A)

 Design Requirements:
• Vin= 9V-30V
• Vout = 12V
• Iout = 1.5A (up to 2.5A)
• Max Efficiency 90%

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf
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TYPE 2 POE FLYBACK CONVERTER (LT3758A) 
EMI FILTER CIRCUIT

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf
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TYPE 2 POE FLYBACK CONVERTER (LT3758A) 
DESIGN SIMULATION: POWER CIRCUIT

PRACTICAL EMC DESIGN
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../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf
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TYPE 2 POE FLYBACK CONVERTER (LT3758A) 
DESIGN SIMULATION: POWER CIRCUIT

PRACTICAL EMC DESIGN
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../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf


34

OVP DM_RE DM_CE CM_RE CM_CE DM_CE

CM_RE

CM_RE

TYPE 2 POE FLYBACK CONVERTER (LT3758A) 
DESIGN SIMULATION: FILTER CIRCUIT

PRACTICAL EMC DESIGN
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../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf
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TYPE 2 POE FLYBACK CONVERTER (LT3758A) 
DESIGN SIMULATION: FILTER CIRCUIT

PRACTICAL EMC DESIGN
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../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf
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TYPE 2 POE FLYBACK CONVERTER (LT3758A) 
TEST AND MEASUREMENT: OVERVIEW

PRACTICAL EMC DESIGN
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../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf
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TYPE 2 POE FLYBACK CONVERTER (LT3758A) 
TEST AND MEASUREMENT: CONDUCTED EMISSIONS

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf
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TYPE 2 POE FLYBACK CONVERTER (LT3758A) 
TEST AND MEASUREMENT: SIGNAL INTEGRITY

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf
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TYPE 2 POE FLYBACK CONVERTER (LT3758A) 
TEST AND MEASUREMENT: SIGNAL INTEGRITY

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf
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 Several issues identified:
• Ground connection far from the input/output capacitors, Mosfet Source / Rsens and IC Power GND
• AGND and PGND not separated
• Track to gate of mosfet to small
• Critical: Feedback signal shadows the auxiliary winding switching signal.
• Critical: Current sense signal overlaps the FET Drain signal. 

TYPE 2 POE FLYBACK CONVERTER (LT3758A) 
LAYOUT AND TRACKING REVIEW

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf


41

TYPE 2 POE FLYBACK CONVERTER (LT3758A) 

 Parasitic coupling capacitance estimated based on pcb and track parameters
 https://www.emisoftware.com/calculator/biplanar-capacitance/

 Modelled in LT Spice and simulated

SIGNAL INTEGRITY SIMULATION: POWER CIRCUIT

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf
https://www.emisoftware.com/calculator/biplanar-capacitance/
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TYPE 2 POE FLYBACK CONVERTER (LT3758A) 

 Results consistent with the measurements

SIGNAL INTEGRITY SIMULATION: POWER CIRCUIT

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf
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 Regulation is fine across the load and line spec conditions
 Efficiency is good at around 87% 
 Thermal performance is very good (max board temperature 42.4DegC).
 EMC Conducted emissions performance is also very good. 
 However, layout and tracking has resulted in an issue with signal integrity. 
 In General, Layout and Tracking issues: 

 Can be difficult to identify
 May not result in an immediate failure
 Or may result in a complete failure of the converter

 A good layout and tracking is essential along with filtering to achieve EMC and good functional performance. 

TYPE 2 POE FLYBACK CONVERTER (LT3758A) 
SUMMARY AND CONCLUSIONS

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

../../../02 My ADMs/Tom Jackson/Mav-Systems/PSU Project/LT3758-3758A Datasheet.pdf
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GENERAL 
INTERFACES
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APPLICATION GUIDE

https://www.we-online.com/applicationguide/en
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P/N 829999 STICK

P/N 829999 BAG
USB 2.0 FILTER

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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P/N 829993 BAG

P/N 829993 STICK

USB 3.0 FILTER

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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Full Speed – 480MHz

P/N 8492121

WE- EPLE CONNECTOR WITH INTEGRATED EMI & ESD FUNCTION 

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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WE- EPLE CONNECTOR WITH INTEGRATED EMI & ESD

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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TYPE-C FILTER BOARD – OVERVIEW

WE-MPSB

1812 100 Ohm

74279226101

WCAP-CSGP

0805 4,7µF/25V

885012107018

WE-MAPI

4020 1,2µH

74438356012

WE-CNSW

0805 90 Ohm

744231091

WE-CNSW HF

0504 60 Ohm

7442335600

WERI

632712000011

WERI

632723130112

WE-TVS

DFN1210

824012823

WE-TVS

DFN3810

824014885

WE-TVS

DFN1610

824045810

APP NOTE 007

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

https://www.we-online.com/web/en/electronic_components/produkte_pb/application_notes/anp007_effective_usb_31_filtering_and_protection.php
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Demo Board

App Note 083

RS-485 FILTERING

PRACTICAL EMC DESIGN
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https://www.we-online.com/web/en/electronic_components/produkte_pb/demoboards/rs_485/RS485.php
https://www.we-online.com/web/en/electronic_components/produkte_pb/application_notes/anp083adeadapterpcbzumfilternelektromagnetischerstoerungenaneinerrs485schnittstelle.php
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HPLE WHAT IS THIS?

 Why do I need this?
 HPLE = High Performance Low EMI

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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Standard Integrated LAN Xfmr HPLE Integrated LAN Xfmr

DIFFERENCE BETWEEN STANDARD AND HPLE?

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022
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NEW DEMONSTRATORS – DESIGN YOUR EMC FILTER

PRACTICAL EMC DESIGN
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https://www.we-online.com/web/en/electronic_components/produkte_pb/demoboards/designyouremcfilter/StartDesignYourEMCFilter.php
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INTEGRATED MAINS FILTER: WE-CLFS

 UR: 250 V (AC/DC)
 1-Phase Filter
 Climatic Category 25/100/21 
(-25 to +100°C / 21 days moisture test)
 Fast-On Terminals
 Chassis Mounting (M4) 

THREE TYPES

Single-Stage

Single-Stage Advanced Two-Stage

PRACTICAL EMC DESIGN
EXTERNAL | M ALALAMI | 21FEB2022

https://redexpert.we-online.com/redexpert/#/smodule/32
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NEXT BIG EVENT

 F2F Event
 Birmingham, UK
 Large Venue
 Registration link

Monday 10th of October 2022

PRACTICAL EMC DESIGN
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https://www.eventbrite.co.uk/e/powering-the-world-of-electronics-2021-tickets-161106767679
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Any Questions
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