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“Far-field” EMC Measurements
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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 “finished’ prototype
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"Near-field” EMC measurements
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"Near-field” EMC measurements

* Advantages:

O

O
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No real need for anechoic or reverberation room
Detailed information about EM “hot-spots” above device
Can be easily done on sub-parts or early prototypes
Can be used to build EM models for the device

* Applications:
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Debug-method to quickly find root-cause

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

Test method intra-system EMC
Basis for up-to-date design rules!
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NEATH-Project (IWT 120131)

* General EMC debug workflow DEBUGGIN:

o Where to start?

* lteratively locating the origin and/or
cause(s) of EMI

o What to use? Qg;zzﬁz;.:gk
» Guidelines * am:e:;mmm
° Debug kit g Check the plug

o How to measure? T st o

from Debugging ™ 2002 by David Agans

e |nstrumentation o

wwwdbggg ules.com

* NF probes, current probes, antennas, ...
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?
NO I Guideline on NF probes J

< 200-

300MHz?

YES
NO
RE test w/o

Check for box

Guideline on glerconneaing rediation Guideline on near-
cables ) .
Current Probes field scanning

Concentrate on NO
interconnecting YES Pass? Found? Work on PCB
cables
NO YES e  Spectrum analyser
e  Oscilloscope
e Curent e Mixed Domain
probe e Near-field scanning
techniques Add femites on Gaskets, filters,
e  Elimination ower cables slot reduction, ...
technique P or box resonance
e  Filters, )
shielding, RedeS|gn_or on-
separation, ... board fixes
Pass? Pass? NO Pass? NO
YES YES YES
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
 Don’t stand 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
« Wrap things up in conductive foil and
slowly peel back
 Make a list of harmonics, resonance
frequencies,...

YES Pass?

NO




Four basics of troubleshooting (H. Ott)

* DIVIDE AND CONQUER:
o elimination technique

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

- IMPLEMENTATION OF FIXES: Mir_ T
o HF parasitic effects!! [~ i

o Lumped components, pigtails, ...

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



Four basics of troubleshooting (H. Ott)

 “KILL IT DEAD”: make compliant no matter what it takes
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http://hottconsuItants.Wordpress.com/cgategory/troubleshooting/ w



General Debug Workflow: Cables

I l
RE@test site ar with l I
lab setup I |
(with all cables)
| I
I l
| I
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ND _— —_— _— —_— _— —_— _— —_— —-_—
PRt N Simplified view:
{ < 200- > :
300MHz? )] Noise
YES +
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TS Cabl DUT
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( Sl > Check for box
interconneding ' achaki
\ cables / radiation R
e 200 MHz 400 MHz Frequency
Depends on size of DUT




How to Measure CM Currents?

* CDNE (CISPR 15 & 16)

* Work-Bench Faraday Cage




Current Probes?

Frimary Winding
iwire under tost) i

U AA A
Y
' imdi .
RFEunnE:er> seeanaany winding Commercial Current Probes
(50 Bhm)

Schematic diagram

DIY Current Probes




Characterization of a Current Probe

Insertion Loss FCC current probe
0 T | T T T | 530 P T T T T T T

_5_Transfe |n . 1 -

o Z0=50Q St

Insertion Loss[dB]

_45 .......... ......... ................... ....... ,,,,, 4 ; -

Frequency[MHz]
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Proposal Workflow Current Probe

RE test wio

i inter conneding
Guiddine on cables
Cumrent Probes
Concentrate on
interconnecting YES Pass?
cables
MICH
Cumrent
probe
techniques
Eli m'ngtinn Add fermites on
technique power cables
Filters,
shielding,
separation, ...
Pass? Pass? MO
YES YES
Source: H. Ott

MULTI-CONDUCTOR
INTERFACE

EQUIPMENT
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CLAMP-ON
CURRENT
PROBE

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

? How large can the CM current be ?




Limit Line for CM Current?

\ V on receiver Current probe
E at antenna i | .
] Al y I
| /
39 dBuV I
£ | /
Sl r- 353 donv |- !
2 | 29.7dBpV [~
© a5l r-f==—--- T | I
< Fce l I 13 I LRl I
g wmp i ! Probe Limit” !
3 a0 I I ::: | I
] CISPR 22 : : | : /
“Antenna Limit” 1 | | | Y
I | I |
L l 1 1 L [ I I
30 MHz2 88 MHz 216 MHz 980 MHz f l I 1 |
BB MHz 100 MHz 216 MHz 1GHz ¢

I 30 MHz

230 MHz 1 GHz

E..=RTEXIey=RFTX V.. /Z;

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

Source: C. Paul 15




Limit Line for CM Current?

V on recelver Current p;obe
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Source: C. Paul




RTF Reasoning 1: Radiated Power

* Assumptions:

. _ P
o CMimpedance of cableis [p _y59.17_ 5= Jus o [E
about 150 Ohm ' 4mr 377
o At “low” frequency 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)
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Board

Vo=V O ) I”'

Sowrce

«—>

leabie =1 m

Ground

Source and load impedance
unknown in practice

Source impedance doesn’t have
influence on RTF

Load impedance does have
influence on RTF

- Source

‘ Load




Simulation Result

60 T L T T T
——Radiated Power RN
—Resonant Dipole P
501 —Small Dipole (C. Paul)
~—Small Monopole (H. Ott) : 3

Finite Length Monopole (H.Ott)
===Shorted load

40H s Ope]’[ load

RTF [dB]
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New Proposal RTF
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General Debug Workflow: Enclosures
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Hand-held Near-Field Probes
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Hameg HZ530 EMV

. Agilent Technologies
1 ncvating the HP Way
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Source pictures: A. Mediano, EMC Europe 2013, Brugge




Basic Types of Near-Field Probes

Magnetic field probes

Figure 1 Three constructions for magnetic field probes

Co-ax shields soldered
to metal case

Best design

Typical
diameters
from 10mm
to 50mm

- Semi-rigid
co-ax loop
with central

= “\break in shield
\ Q - : 5 Suitable insulation
—{ii]

Both shield and centre
. conductor soldered to shield

co-ax loop
-« with central

break in
. shield

(two individual layers
recommended, each
__rated for max. voltage)

il
Epoxy, or other

— . type of strainrelief <~ \
A = R TR V(4 " Nocentral
. &l break in
- ; ' the co-ax
P ] /' W\,  shied
Both would benefit from a CM ' _

Only the centre conductor
is soldered to the shield

choke as above, or at least a
ferrite clipped onto their lead

Source: Keith Armstrong, EMC Testing Part 1

Electric field probes

Figure 2 An electric field probe, and a pin probe

Electric field probe
50QBNC Centre conductor exposed by approximately 10mm, and insulated

=

j=.. -

Epoxy, or other
type of strain relief

it

Suitable insulation (two individual layers recommended,
each rated for the maximum voltage to be probed)

/[

Pin probe

e

Low-value capacitor (e.g. 10pF) with suitable voltage
rating, soldered in series with centre conductor.
Both would benefit from a CM choke bifilar wound Pin exposed for direct contact
on a soft-ferrite toroid as shown in Figure 1,
or at least a ferrite clipped onto their lead




DIY Near-Field Probes

* Shielded (magnetic) probes prevent coupling of the E-field

* Gap in shield to prevent shield currents from flowing

* Unshielded probes: coupling of electric and magnetic field
o Not an issue when locating emission hotspots

* Below: probes made from insulated (# shielded!) wire and paperclip
(right)
o Care needed for short circuits or electrocution when not insulated

Source: Keith Armstrong Source: Doug Smith
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Debugging - Enclosures

Minimize the longest dimension in your slots and seams (<2/20) EMCIO 30mm near field ‘probe Icenter box
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NF Measurement Set-Up

* Nearfield probes: -
> Magnetic (loop) probe :
o Electric (dipole) probe

Which probe do we use?

o Slot radiation: Z=E/H<<< mmmMagnetic (loop) probe
> PCB edges: Z=E/H>>>  mmm Electric (dipole) probe




* RBW 300 Hz
*Att Dds VBW 1 kHz M1[1]
Ref -30.0 dBm SWT 1.1s

-112.70 dém
1.866651830 GHz

Max Hold




NF Probing: PCB edges

ldea is to detect Common-Mode
voltage between board and casing
Helps to understand the need for
sufficient fixations between board
and casing

Not interested in ‘edge radiation’,
but rather common-mode voltages
that exist between the board and
the casing.




Use of Comb generator

No cable that exits the casing,
which allows us to analyze the
shielding of the casing
correctly.



NF / FF Test Set-Up

B e o s

80-100 em
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http://www.wa5vjb.com/

General Debug Workflow: PCB

Hand-held Near-Field Probes
Check for bax — Cowamnon ° SNETS-LINDGREN
radiation Guiddine on near- BE 500 BrobeSel Hameg HZ530 EMV i)
field scanning
ez
F ound? Ho Work on PCB 4
(<) A Medinno 2011 12
YES «  Spedrumanalyser
«  Osdlloscope
' W i ed Domain
' Mear-field scanning
(Gaskets, filters,
dot redudion, .. Antenna tc
or box resonance aceiver
Fedesign or on-
board fixes
Pass? Mk
YES




Near-Field Scanning System

Xpert CNC controller

Xpert miIIingmachine

=\l

National Instruments EM probes

GPIB-USB-HS

EMI Receiver
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DUT Near-Field Emissions at 114 MHz

AL CF e a5 e ot
Al iy 288 sarvpas)




PO OF e e a5 SOegivoe!
(Dt vt 258 sarvpins)




Adjusted DUT: Far-Field Emissions
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Recommended literature

* This presentation is based on:

o “EMI Troubleshooting Cookbook for Product Designers”
by K. Wyatt and P. André, 2014

e “EMC for Product Designers” by T. Williams (4t Ed. 2006)
* “EMI Troubleshooting Techniques” by M. Mardiguian (1999)

* “Testing for EMC Compliance: approaches and techniques”
by M. Montrose (2004)
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Recommended literature

e Online:

o Doug Smith s
e http://emcesd.com/

o Keith Armstrong
 http://www.cherryclough.com/home ; |
 http://www.compliance-club.com/ & Q 4

“JACK OF ALL TRADES,

o Ken(neth) Wyatt S

o http://www.emc-seminars.com/
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