CM/DM NOISE SEPARATION USING
OSCILLOSCOPES FOR MORE
EFFICIENT EMC FILTER DESIGN
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A Conducted Emission Compliance Test As Part Of The EMC-Directive Is An Essential Task To
Perform For Power Converter Designs >> EMI Input Filter

The Design And Validation Of An EMI Input Filter Is Typically An Iterative Task During The Design

Conducted Emission Tests Are Often Performed As Pre-Compliance Test To Obtain An Early
Feedback

For An Effective Iterative Filter Design, It Is Essential To Know Details Of The Total Noise
Spectrum

— Frequency And Magnitudes Are Not Sufficient

— Understanding Of The Propagation Method Of The Noise Source (Common or Differential
Mode)
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DO YOU REMEMBER?
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WHAT IS EMI?

» EMI = ElectroMagnetic Interference

— Unintended / undesired radio frequency emissions from a device (equipment under test)
» These emissions can create problems for other electric or electronic devices

» Regulations and standards specify acceptable emission levels over various frequency ranges
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AGGRESSOR AND VICTIM

Over the Air
Radiated
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Interference Supceptance
Conducted

Rohde & Schwarz



ASPECTS OF AN EMI PROBLEM

Source of Recention
Disturbance P

Emission Coupling Impact
= Magnetic field * Inductive = Loss of performance
= Electric field = Capacitive = Fail function
= Electro-magnetic field = Electro-magnetic = Destruction
= Galvanic
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COMMERCIAL EMC PROBLEMS
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PUSHING THE LIMIT OF EMI

More powerful computing power
Faster and higher bandwidth communication
Complex technology integration

Power consumption and longevity
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COMPATIBILITY

» Capability of a device or
system to operate in an
electromagnetic
environment and not
disturb or be disturbed by
other devices

» Required to conform to
industry specific standards

EMC = EMI + EMS




ELECTROMAGNETIC COMPLIANCE
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SYSTEM CONFIGURATION

Receiver Transducer Device under Test

LISN/ ISN/ .
Absorbing Clamp
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EMI Test Receiver
<
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COMPLIANCE RADIATED EMISSION TEST
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Turntable Control Unit

I Switching Unit
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Software



COMPLIANCE CONDUCTED EMISSION TEST

Ground Plane EUT

Controller

Test Receiver
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STAGES OF EMC TESTING
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EMI Debugging omplia
Circuit Pre-Production
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WHICH TOOLS TO USE?
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FROM COMPLIANCE TO EMI DEBUGGING
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Source of interference

kind of interference dominant source frequency range

WURTH ELEKTRONIK

radiated or

conducted

fundamental wave and
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interferences controller switching
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CONDUCTED EMISSION

Active Line
I I
Differential Mode
(T I
Neutral Line
Common Mode
Earth

-
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EMI FILTER CIRCUIT
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EMI FILTER CIRCUIT

Differential Mode
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EMI FILTER CIRCUIT

Common Mode
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EMI FILTER CIRCUIT - CM CHOKE
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EMI FILTER CIRCUIT - CM CHOKE

Common Mode
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LIMITATION OF STANDARD CE-MEASUREMENT SETUP

» The Standard Measurement Setup Provides Only A Combination Of Different Noise Sources.
» The Setup In Combination With EMI-Receivers Are Not Suitable To Debug.
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CONDUCTED EMISSION MEASUREMENT

DC-DC Isolated Flyback Stage ( Vin = 24V, Vout = 5V, lout = 2.5A, Fsw = 300kHz )

Positive Conductor Negative Conductor
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COMMON AND DIFFERENTIAL MODE THEORY

DC/DC
Converter
-®

Noise
Source
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SOFTWARE SOLUTION

» What Is Required To Implement This SW Solution
— Multiple FFT Is Required
— Low Noise Frontend

Power
Supply

DuT

— Powerful Hardware
— 2 Channels
>> An Oscilloscope Can Offer These Capabilities

» Pros
— Time / Freq Domain Correlation
— No Extra Hardware Is Required
» Cons
— Noise Level (~0dBuV)
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CONDUCTED EMISSIONS SETUP
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Case Study

DM FILTER EFFECT ( X-CAPACITOR )
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Case Study

CM-MODE FILTER EFFECT (Y-CAPACITOR)

S % WA N BN LY I D

Help Recall Save Image  Zoom  Cursor Mask  Histogr.. Measure Annotate FFT  Spectro.. 12

Diagram1: C1,C2 X

Diagram2: M1,R1 X

Noise Floor

Diagram3: M2,R2 X

™ Noise Floor

Smv/ b 5mY/ be 108/ 1048/ 10dBpv/

ov 500 0V 500  FFImag((C1-C2WIm1)/2)  FFTmag((C1+C2)/2) 3 0 dBpV
50 MHz 50 MHz RBW:9kHz  80dBuV RBW:Skhz 80 dBuV

Rohde & Schwarz

Trigger Horizontal Acquisition
> oe

Edge  25mV  Free  266ps/ 25GSa/s HD-Mode
.73 Trg'd 0s 665Mpts  16bit  Hist34

m"k'wwim,l

LIWMMW% (
i Wﬂ w

A A M

bl et

10 e

ittt wm,!
e b A oA ;

—
+ + + + —
Math  FFT Bus Ref  Gen

Menu

ONfikdtedenabled



Case Study

CM/DM-FILTER APPLIED
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CM/DM Separation

HARDWARE SOLUTION

cm

Oscilloscope

Noise
CM or DM
Separator > or

Spectrum
Analyzer

‘@ %
Adv: Also one port device like a Spectrum Analyzer can be used

Dis: The measurement can be performed only in a sequential way
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CONCLUSION

» The oscilloscope is A great tool to debug EMI and optimize filter designs

» The setup is relatively simple but the user needs to consider some impacts:
— Vertical scale — noise level

— Ground plane to close the cm-path
— Sampling rate should be high enough >> nyquist criterium
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Find further information:

EMC Pre-Compliance and Compliance Solutions

EMI Debuqging with Oscilloscopes

THANK YOU



https://www.rohde-schwarz.com/products/test-and-measurement/emc-field-strength-test-solutions/pg_overview_105350.html
https://www.rohde-schwarz.com/solutions/test-and-measurement/electronic-design/power-electronics/embedded-power-electronics-ics/emi/emi-theme_250262.html

Conducted Emissions Setup

DEMO SETUP

Rohde & Schwarz



Conducted Emissions Setup

BASIC EMI CONDUCTED EMISSIONS SETUP

Instrument
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FPL1000

FPL1007 - Spectrum Analyzer - 5 kHz - 7.5 GHz
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CHOOSE PREFERRED SCOPE

RTM3000 MXO0 4 RTOG6
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EMI FILTER CIRCUIT
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EMI FILTER CIRCUIT

Differential Mode
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EMI FILTER CIRCUIT

Common Mode
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EMI FILTER CIRCUIT - CM CHOKE
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EMI FILTER CIRCUIT - CM CHOKE

Common Mode
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EMI FILTER CIRCUIT - CM CHOKE

Differential Mode
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WURTH FILTER DESIGN KIT
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COMPONENT FILTER RESPONSE
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