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Disadvantages:

o Have to be performed in anechoic or reverberation room (costly
and not always available)

o Only pass/fail test

o Little insight in root-cause

o Limited debug possibilities

o Normally only on ofinish
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NNefarel do EMC measu

A Advantages:

o

o

o

o

No real need for anechoic or reverberation room

Detailed informastponsabawd v & Md &
Can be easily done on sub-parts or early prototypes

Can be used to build EM models for the device

A Applications:

o

o

Debug-method to quickly find root-cause

In-house pre-compliance test method (submodules, choice
components, é&)

Test method intra-system EMC
Basis for up-to-date design rules!

B ) o



NEATH-Project (IWT 120131)

A General EMC debug workflow DEBUGGIN:

o Where to start?
A lteratively locating the origin and/or
cause(s) of EMI

Make it fail
o Whatto use? ““;;;*::’::’;:::J:“
A Guidelines ! -
. ; Keep an audit trail
A Debug kit g~ Check he pig
- Get a fresh view
0] HOW tO measure? " K If you didn't fix it, it ain't fixed

A Instrumentation Y
ANF probes, current
o How to interpret?

o How to solve?

http://www.kuleuven.be/samenwerking/remj/projects/neath ]




RE@test site or with

lab setup
[ Guideline on PCB antennas I (with all cables)
YES Pass?
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cables ) .
Current Probes field scanning

Concentrate on NO
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END

General EMC debug workflow



../../admin/reports/20130920_neath_guideline_currentprobes.pdf
../../admin/reports/Guideline NFScanning.docx
../../admin/reports/20131024_neath_guideline_nfprobes.pdf
../../admin/reports/Guideline PCB antennas-V3.docx

Debugging during EMC Testing

Go inside the EMC test chamber and
RE@test site or with
e attach antenna to spectrum analyzer:
Make sure to see the SA display
D o nstahd between antenna and DUT
Be aware of safety!!
Start by grabbing cables either by hand
or with a stick
Disconnect cables one at a time
Measure CM currents on cables
Place hands on the chassis: press and
squeeze
A Wrap things up in conductive foil and
slowly peel back
A Make a list of harmonics, resonance
frequencies, é

YES Pass?

NO

To o Po I I I Ix



Four basics of troubleshooting (H. Ott)

A DIVIDE AND CONQUER:
o elimination technique

A PREDOMINANT EFFECT:
o Locate dominant source
o Leave all fixes in place!!

A IMPLEMENTATION OF FIXES: Mir_ T
o HF parasitic effects!! I i
o Lumped components, prgtail

http://hottconsuItants.Wordpress.com/csategory/troubleshooting/ w



Four basics of troubleshooting (H. Ott)

AAKILL I'T DEADO: make compl i

http://hottconsuItants.Wordpress.com/cgategory/troubleshooting/ w



General Debug Workflow: Cables

I l
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How to Measure CM Currents?

A CDNE (CISPR 15 & 16)

A Work-Bench Faraday Cage

A é




Current Probes?
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Schematic diagram

DIY Current Probes




Characterization of a Current Probe

Insertion Loss FCC current probe

Insertion Loss[dB]

Frequency[MHz]

| o



Proposal Workflow Current Probe

Guiddine on
Cumrent Probes

J

Concentrate on

interconnecting
cables

Cument
probe
techniques
Eli mination
technigue
Filters,
shielding,
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Pass?
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RE test wio
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YES Pass?
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power cables

Pass?

YES

MO

Source: H.

Oott
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A Move probe over length cable
A Keep track of maximum (max-hold)

? How large can the CM current be ?




Limit Line for CM Current?
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Source: C. Paul

RTF = Radiation Transfer Function
Z; = Transfer impedance current probe

15



Limit Line for CM Current?
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Source: C. Paul




RTF Reasoning 1: Radiated Power

A Assumptions:

. _ 2
o CMimpedance of cableis [, _y59.17_ | 5= Jus o [E
about 150 Ohm ' 4mr 377
o At nffequancy radiation |
Is equal in all directions y
o CM current constant over RTF = £ el
length cable Tou| 7

o Antenna is in far-field

So, for 40dBuv/m at 3m this means that the max CM current
would be about 4.5 uA (13 dBUA)

| o
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Ground

A Source and load impedance
unknown in practice

A Source impedance
influence on RTF

A Load impedance does have
influence on RTF




Simulation Result




