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Measurements & Tests

» Radio frequency emission
radiated emission f > 30MHz
conducted emission f < 30MHz

* Low frequency emission

» Radio frequency susceptibility
radiated susceptibility f > 80MHz
conducted susceptibility f<80MHz

e Susceptibility to transients
 Low frequency susceptibility

==y  Equipment and

measurement & test methods?
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Radio frequency emission
1. Spectrum analyser

RF input Log Envelope
Mixer IF gain IF filter amp detector

attenuator

Input
signal

Video
filter

Pre-selector, or
low-pass filter

- (ngal'ator
h 4 -
@ Reference
oscillator
A {
i LCD or CRT
Spectrum Analyzer Block Diagram Display
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Radio frequency emission

RF Amplifier Mixer

1. EMI recelver

Super-heterodyne receiver

Filter

IF Amplifier Audio Amplifier

.

DD

Local Oscillator

Demodulator

i
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Radio frequency emission

Bandwidth
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Radio frequency emission

Bandwidth
| A | B | ¢ | = |
9kHz 150kHz 30MHz 300MHz 1000MHz
B.W. 200Hz oOkHz 120kHz 120kHz

@ 6dB

Broadband = signal width > B.W.
e.g. 30kHz = Broadband for band B and Narrowband for band C

Noise level (dB) = 10 x log,, (BW,/BW,)

e.g. changing BW from 10 kHz to 120 kHz increases noise level of 10.8 dB.
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EMI receiver

Detectors
IF weighting
amplifier function
e 1T
pulse signal
pum T Peak
% RMS
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EMI receiver
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EMI receiver
Detectors

- C,QC,M

PU’ rapport cyclique oyen

C = créte, QC = quasi-créte, M = moyenne

pulsé, rapport cyclique faible
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EMI receiver
Detectors

Pulse repetition frequency (PRF)
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CISPR band B (150 kHz to 30 MHZz)

-70
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« Bandwidth
 Linear Polarisation

« Antenna factor

Radio frequency emission

AF =E/V (linear) or E - V (log)

ey

& =
Q. g
" ,A <4 ’:'

2. Antenna

i
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Radio frequency emission
2. Antenna

Typical antenna factors

I:I ] ] 1 1 ] ] ] ] ] ] ] ] ] ] ] 1
30 40M BOM BOR FOM 100m 200 300m 4008 500K BO0K soom 1
Frequency [Hz]

Copyright © 2020 Véronique Beauvois, ULg

13




W LIEGE
Radio frequency emission
2. Artificial network
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Radio frequency emission
2. Absorbing clamp and current probe

v
anneaux de ferrite (blindage absorbeur de courant)
?\/ vers l'analyseur
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transformateur m:m le récepteur
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Radio frequency emission

petite longueur libre

gaine isolante

champ E

y 3

2. Near-field probes

lacune dans
blindage

ame soudée A
au blindage

sur le coude

champ H

¢ détermine
la sensibilite

gaine isolante

3.11
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Radio frequency emission
3. Measurement sites — Open Site (OATS)

Site in conformity with CISPR16-1
(SA @ +/-4dB of NSA 30-1000MHz)
- No reflecting object in the CISPR ellipse
- Metallic ground plane
- Measurements @X 3, 10 or 30 m (10 m preferably)
- EUT @ 1 m height
- Antenna scanning between 1 and 4 m

Copyright © 2020 Véronique Beauvois, ULg
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Radio frequency emission
3. Measurement sites — Open Site (OATS)

CISPR ellipse

Large diameter = 2X

Small diametre = V3 X

X
[« (]

antenna EUT
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Radio frequency emission
3. Measurement sites — Open Site (OATS)

1
Scanned 1mto4 m ,,_---(}’T)

in height
R L1m
h
Antenna 1o be relocated .. | 7" T
to maintain constant ~ ——%4 _ -
distance A 2 A~ p=Periphery of EUT as it is rotated
- o through 360°

* h1 =Imand2m

A = Distance maintained between the vertical
projection of the centre of the transmit and
receiva antennas

IEC 1303193
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Radio frequency emission
3. Measurement sites — Open Site (OATYS)

OATS Belcomlab, Oudenburg (B)
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Radio frequency emission
3. Measurement sites — Open Site (OATS)

Problems

eclimate & weather forecast
eelectromagnetic noise
(e.g. communications, mobile, TV...)
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Radio frequency emission

3. Faraday room
According to Gauss theorem

Weak points Door, honeycomb, cables...

Resonant cavity (Q quality factor)

i #
| |
I
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|

im
y.
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10kHz 60 dB
100kHz 83 dB
1IMHz 112 dB
30MHz 122 dB
200MHz 141 dB
1GHz  130dB
10GHz 103 dB
18GHz 82 dB

Radio frequency emission
3. Faraday room

1000
14.125
398.107
1.258.925
11.220.184
3.162.277
141.253
12.589

Shielding attenuation: 20 log (E, / E4ec)
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Magnetic effect

Resistive load
+

Geometric effect

Radio frequency emission
3. Anechoic room

Absorbing materials

-> ferrite tiles

--> foam (polyurethane) loaded with carbon
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Radio frequency emission
3. Anechoic room

Typical performance of ferrite tiles

Attenuaticn (dB)
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Radio frequency emission

3. Anechoic room

Typical performance of foam pyramids
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Radio frequency emission
3. Anechoic room

Reflectivity (@ULg EMC Laboratory)
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Radio frequency emission
3. Anechoic room

et B

SAC ULG, Liege (B)

g
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IEC Bus

Radio frequency emission
4. Radiated emission

= Em System Software

>

EM
Test Receiver

RF Input,

TEST SITE

Receiving Antenna

A LA

Mast
[ Groundplane

LA

E.U.T.
Turntable ;

Mest & Turntable
Controller

&

|

Copyright © 2020 Véronique Beauvois, ULg

29




université

% # LIEGE
t

Radio frequency emission
4. Radiated emission
Limit (EN 55022)

Table 5 — Limits for radiated disturbance of class A ITE
at a measuring distance of 10 m

Frequency range

Quasi-peak limits

MHz dB(uV/m)
30 to 230 40
230 to 1 000 47

NOTE 1 The lower limit shall apply at the transition frequency.

NOTE 2 Additional provisions may be required for cases where interference

OCCurs.

Table 6 — Limits for radiated disturbance of class B ITE
at a measuring distance of 10 m

Frequency range

Quasi-peak limits

MHz dB(uv/m)
30 to 230 30
230 to 1 000 37

NOTE 1 The lower limit shall apply at the transition frequency.
NOTE 2 Additional provisions may be required for cases where interference

OCCurs.
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Radio frequency emission

4. Conducted emission

= 200

Vertical metal plate (or Faraday room)

'5 \

1\?

'i
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Fa
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l
XH_' Non conductive table

g

Conductive ground plane

g
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Radio frequency emission
4. Conducted emission

Limit (EN 55022)

Table 1 — Limits for conducted disturbance at the mains ports

of class A ITE
Limits
Frequency range dB(uWv)
MHz
Quasi-peak Average
0,15to 0,50 79 66
0,50 to 30 73 60

MOTE The lower limit shall apply at the transition frequency.

Table 2 = Limits for conducted disturbance at the mains ports

of class B ITE
Limits
Frequency range dB(uV)
MHz
Quasi-peak Average
0,15 to 0,50 66 to 56 56 to 46
0,50 to 5 56 46
5to 30 60 50

MOTE 1 The lower limit shall apply at the transition frequencies.
NMOTE 2 The limit decreases linearly with the logarithm of the frequency in the

range 0,15 MHz to 0,50 MHz.

Copyright © 2020 Véronique Beauvois, ULg
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Harmonics Emission
EN 61000-3-2 (<16A)

(classes A, B, C, D)

/74\

[ ]

» Classification of EUTSs

» Limits only for 40 first harmonics (2kHz)
» Quality of source (harmonic content)
» Measuring equipment based on TFD

harmonic analyzer

| I

Source
Impedance

Generator

input impedance

EUT

Copyright © 2020 Véronique Beauvois, ULg
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Flicker Emission

EN 61000-3-3 (<16A)

» Quality of the source
» Measuring equipment
» Reference impedance

-
Source R JX
Impedance LISN e
Generator R j l flicker
| - eter

EUT
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Radio-frequency Susceptibility
1. Equipment

 Frequency generator (150 kHz — 3 GHz - minimum)
with modulation (AM (pulse))

 Broadband Power Amplifiers
According to the required level and the characteristics of the
transducers.

*Transducers : antennas (VSWR, Gain), couplers (CDN,
clamp)...

* Field probe

Copyright © 2020 Véronique Beauvois, ULg
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Radio-frequency Susceptibility
2. Anechoic room

Electric field uniformity

Transmitting o. o
antenna \\ \Q\@ ¢
% \G)\‘L

Floor, partially covered with absorbers
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Radio-frequency Susceptibility
2. Anechoic room

yooS

P a,___
Y .¥F
' | N
/ (%
Wy \/
', v
‘.\ \\
|“ \ -
| r \
‘t i -

FAC Belcomlab, Oostende (B)

g
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Radio-frequency Susceptibility

2. Anechoic room

AC ULG, Liege (B)
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Radio-frequency Susceptibility I_W/

2. Alternate solutions — Reverberating Chamber

- A reverberating chamber (R.C.) is a metallic enclosure
with high conductivity walls (Faraday room) completely
Isolated from external EM world (except by the
connections).
- This enclosure Is equipped with a rotating structure,
panels, called a stirrer.
- No absorbing material (anechoic room), to maximise
reverberations.
- Properties:
- Statistical E field uniformity in a defined volume,
- E field level is high, even with a low injected power
(reverberations).
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Radio-frequency Susceptibility
2. Alternate solutions — Reverberating Chamber
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Ground refaranca plana

Dimal=<D3m
—

Radio-frequency Susceptibility
3. Test methods — RF conducted susceptibility

ELUT

(Equipmant

ungar test)

=

CEIl / EN 61000-4-6
3or 10V

80% AM 1kHz

150k-80MHz (230MHz) | ..

|

|||||||

[
N A ’ 111 R

e -

HF generaior

Tasl genarator

....................................................

Auibary

i

Copyright © 2020 Véronique Beauvois, ULg

43



LIEGE

université

Radio-frequency Susceptibility

3. Test methods — RF conducted susceptibility

Fs
AE podl M

IN port

& E ]
.
)

. |
W W, . 1

L ]
N l — |EUT perl
...... -
vvvvvvv

o L ‘
RS

COM-M3I, ) (typ)
CON-M2E, C, (typ)
COMN-M1, G, (typ)

=10 nF, G (typ)
=10 nAF. C; [lyp)
= 22 AF. C; [lyp)

=47 nF, A= 300 (3, L = 280 uH at 150 kHz
=47 nF, &= 200 6, L = 280 pH at 150 kHz
=47 nF, @ = 100 &, L = 280 pH at 150 kHz

Figure D.2 — Example of simplified diagram for the circuit of GDN-M1/-M2/-M3
used with unscreened supply {mains) lines (5ee 6.2.1.1)

i
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Radio-frequency Susceptibility
3. Test methods — RF conducted susceptibility
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3. Test methods — RF radiated susceptibility - AC

CEI/EN 61000-4-3
r-
3 or 1OV/ m AREA OF UNIFORM 1 "~k gI!JRl\JI'EI)E:ED) I_BW.C%%UCTIVELY
FIELD \L T~_ 70 1m OVERALL LENGTH
80M-2.7GHz (Step 1%) NON—CONDUCTING ! S~ :
TABLE — 1~ ~e
80% AM 1kHZ /;\MH \ 7 ACTUAL WIRING OVERALL
. . d I _LENGTH < 1m
FIELD GENERATION S
ANTENNA .
| Lo e S reevese
\ | > AL N P
I <D
a i
VA
PH "\\,. | = OP\ﬁ\ONAL ANECHOIC MATERIAL MBER
& 1S HEbucE PLOOR REFECTIONS 0

-

" FIGURE 6. EXAMPLE OF TEST SET--UP FOR
TABLE—TOP EQUIPMENT

Copyright © 2020 Véronique Beauvois, ULg 46



& Radio-frequency Susceptibility I_H%#)

3. Test methods — Electrostatic discharges
- Electrostatic discharges with ESD gun, generator, and different tips
according CEI/EN 61000-4-2

- Levels 1 to 4 and X according the environment
- By contact @ 2, 4, 6 or 8 kV
- lnair@ 2, 4, 8 and 15 kV

gLt 21 Hl 4l | &l e &l il 100

Time {ns)

EC 2000

Figure 2 - Ildeal contact discharge currant waveform at 4 k¥
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Charge swilch

O HY
supply

Radio-frequency Susceptibility
3. Test methods — Electrostatic discharges

R PN
{ [ e e 7 Discharnga lip
S

Discrange switch

- LIECharge esurm

MOTE 2 Gy + Gy has a typical valua of 150 pF

MOTE 3 Ry has a typlcal value of 330 0

* connechon

MNOTE 1 [:-;J 5 a gistributad capacitance which axisis batwaan the ganerator ang 135 summoundings

Figure 1 - Simplified diagram of the ESD generator

i
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Radio-frequency Susceptibility

3. Test methods — Electrostatic discharges

1 By of tha genaratar
\

LY a1z £ 1
. intarchangeabie part {Hp) - -
o T~ -'"':-'":"
- _:.-__l |_~ I\.__-'I i
| - 2841
5+
ll. - -—
.'"I B FROTTS

2a} — Discharge slectroda for alr discharges

i "
P12+ - o 257 1p 40°
' 4 r

Sharp point
G FNsEs

ib) - Discharge slactrods for contact discharges

Figure 3 - Discharge electrodes of the ESD generator
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Radio-frequency Susceptibility

dischange b HCP

L1

Pivansr Supghy

I'ypical posien for inginect

Groynd reference
planae (SRP)

3. Test methods — Electrostatic discharges

Typical posilion lor direcl
dischange o EUT

Twpical position for indirect
Irsvilah :
o &,mmng dischargae o VP

Hortzomal coupling plars
(RCPY 18 m <08 m

1 ) b Profective conducior

¥
¥ -
WGP
DEm=dhm

Insulating
. Sunpar
ToaAT0 ki
L3
[ 1470 kD
w
Prravar
supply
[ ]
£ 4TI RED
L]
470 kD
4
hon-conducting tabl
G FaDn
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Radio-frequency Susceptibility
3. Test methods — Electrostatic discharges

g
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Susceptibility to Transients

3. Test methods — Burst
CEI/EN 61000-4-4

— Electrical Fast Transient (disconnection of inductive loads)

— Applicable to all ports (AC & DC power ports, signals and control
ports — length > 3 m)

— Positive and negative polarities

— \oltage from 250 V to 4 kV with a repetition frequency @ 5 kHz

&
u

| Pulza
*

?-:IE s o 5 kHz
& Vrapetion frequency
1 e at 100 kHe

aTs

h-
:l ?5 Burst duralion

I1LnkF

‘H‘““N| [
|
Bursl periad 300 ms

- [ 3
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Susceptibility to Transients

3. Test methods — Burst

Coupling/detoupling sacticns
shall b mouried drecily on
lhe reference ground plana
Banding cornectans shall be

as short a5 possible

INes Decouping

e banr
S .

Gmund reference glama

Elacirical las!
frarsianbipurst l:
qeneradr
™ s
AL L G .*. i
Grownd ralenances plans

Line=errrinas
o Be tesled

Coupling
e

EUT

T+ . Insulating

SLIpEE
L ]

& F— »
Grounding conreclion accanding
10 the manufaciurer's speciication
Lenght to ba spacified in the test plan

i
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Susceptibility to Transients
3. Test methods — Burst

Signal from test genarator

-

i & .'.
L B S
t “ L
L- | - — = - -
e La
J— Ls . | - .
supply | [ = Ly
La | I — —— ';u . EUT
" LT o 1 e comm . :
PE . e e — - -
> 100 uH Farnbas
Fikaring C.= 33 nF
& Connesied to sarth
Decoupling section Coupling section
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Coupling with a Coupling-Decoupling Network I_W))
CDN (33nF)

Coupling with a capacitive
clamp

-’U/ [] [:] ] [:] [:] [<] [<] [:]

Highi-waltage
.\\ Coupling plat L coaxial connecior
40

mmmmmmm
coadal connecton

||||||||||||

Copyright © 2020 Véronique Beauvois, ULg 55



% # LIEGE
&

université

Susceptibility to Transients
3. Test methods — Surge
CEI / EN 61000-4-5
— Surge wave
— Common and differential modes
— Positive and negative polarities, once per minute
— Open circuit 1.2/50us @ 0.5t04 kV (0.5-1-2-4)
— Short circuit 8/20us @ 0.25 to 2kA (0.25-05-1-2)
— Coupling with coupling-decoupling networks, capacitors...

i
u
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Susceptibility to Transients
3. Test methods — Surge

CEI/EN 61000-4-5 (differential mode)

Ghararaleur Fondas
COmRinens

Résaay g découplage

= =18 uF
L

L > T * L= .
Réseau T
dalimenafion |y —o—& L * EST
oA (o] 1

=15 ] r
Tarre da réddrance

L

[ P

Figure T — Exemple de montage d'essai de ligne a couplage capacitif
sur lignes a ¢c.a.jc.c.; couplage entre fils (confermament a T.2)
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Susceptibility to Transients
3. Test methods — Surge

CEI/EN 61000-4-5 (common mode)

Candraleur d'ondas
combinisas

Résaau da ddcouplage T‘I

Lo L B :
Ry —— [

d'alimarkation 2 .
W — e L -—¢ =51
ca. foe) | §
FE - - - - -

Tarma da rdfdrarnos

Figure B — Exemple de montage d'essai de ligne & couplage capacitif sur lignes
a c.aJe.c.; couplage entre un fil et la terre {conformément & 7.2)
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Low Frequency Susceptibility
3. Test methods — 50 Hz magnetic field

- CEI/EN 61000-4-8

-Environments:
- Residential and commercial
— Industrial and Power plants

- 50 / 60 Hz magnetic field — permanent - Levels: 1 to
100 A/m (1A/m = 1.26uT)

-50 / 60 Hz magnetic field — short duration (1 to 3s) —
Levels: 300 to 1000 A/m

-Method: 50 / 60 Hz current circulating in a coil (or 3 -
3 axis). Immersion or influence methods.

Copyright © 2020 Véronique Beauvois, ULg
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Low Frequency Susceptibility

3. Test methods — Dips/Interruption/Variation
CEI/EN 61000-4-11

- Dips, short interruptions and variations: applicable to all equipment
connected to the low voltage power mains (up to 16A/phase)

- Dips (40 or 70% of Un during a half period or some periods)
- Short interruptions (0% of Un during a period less than 1 minute)
- \oltage variations

“1
W

2 ’ [ parocs)
0 ote

Figure 1a) ~ Voltage dip - 70 % voltage dip sine wave graph

NOTE The volage decredses b= T0 % ‘or 2% penods. Blep of 2ero croenieg
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Susceptibility — EUT monitoring

- Itis required to monitor the EUT behaviour during the susceptibility
tests.

- Performance criteria (A, B, C, D)
- Parameters monitoring:

— BER

— \oltage - Voltmeter

— Scope

— Luxmetre

— Observing (camera)
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