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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

• Susceptibility to transients

• Low frequency susceptibility

Equipment and

measurement & test methods?
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1. Spectrum analyser

Radio frequency emission
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1. EMI receiver

Super-heterodyne receiver

Radio frequency emission
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Bandwidth
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Radio frequency emission
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9kHz 150kHz 30MHz 300MHz 1000MHz

A B C D

200Hz 9kHz 120kHz 120kHzB.W.

@ 6dB

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

Noise level (dB) = 10 x log10 (BW1/BW2)

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

Radio frequency emission

Bandwidth

7



Copyright © 2021 Véronique Beauvois, ULg

EMI receiver

Detectors
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detector
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EMI receiver

Detectors
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EMI receiver

Detectors
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2. Antenna

• Bandwidth

• Linear Polarisation

• Antenna factor

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

E V

Radio frequency emission
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Typical antenna factors

Green and purple: dipoles

Blue: Log-periodic

Red: Ultralog

2. Antenna

Radio frequency emission
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2. Artificial network

Radio frequency emission
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2. Absorbing clamp and current probe

Radio frequency emission

15



Copyright © 2021 Véronique Beauvois, ULg

2. Near-field probes

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

Radio frequency emission

- 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
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CISPR ellipse 

Large diameter = 2X

X

antenna EUT

Small diametre = 3 X

3. Measurement sites – Open Site (OATS)

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

Radio frequency emission
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OATS Belcomlab, Oudenburg (B)

3. Measurement sites – Open Site (OATS)

Radio frequency emission
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Problems

climate & weather forecast

electromagnetic noise

(e.g. communications, mobile, TV…)

3. Measurement sites – Open Site (OATS)

Radio frequency emission
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3.  Faraday room

According to Gauss theorem

Weak points Door, honeycomb, cables… 

Resonant cavity (Q quality factor)

q

?

?

q

Radio frequency emission
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Shielding attenuation: 20 log (Esans / Eavec)

10kHz 60 dB 1000

100kHz 83 dB 14.125

1MHz 112 dB 398.107

30MHz 122 dB 1.258.925

200MHz 141 dB 11.220.184

1GHz 130 dB 3.162.277

10GHz 103 dB 141.253

18GHz 82 dB 12.589

E

3.  Faraday room

Radio frequency emission
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Absorbing materials

Magnetic effect --> ferrite tiles 

Resistive load --> foam (polyurethane) loaded with carbon

+

Geometric effect

3. Anechoic room

Radio frequency emission
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3. Anechoic room

Radio frequency emission

Typical performance of ferrite tiles
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3. Anechoic room

Radio frequency emission

Typical performance of foam pyramids
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Reflectivity (@ULg EMC Laboratory)

Bleu: ferrite

Rouge: ferrite + cône

3. Anechoic room

Radio frequency emission
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SAC ULG, Liège (B)

3. Anechoic room

Radio frequency emission
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4. Radiated emission

Antenna Code

IEC Bus

EMI 

Test Receiver

Controller

TEST SITE

HF

Mast & Turntable
 Controller

CONTROL AREA

EMI System Software E.U.T.

Receiving Antenna

Groundplane

Mast Turntable

RF Input

Radio frequency emission
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Limit (EN 55022 > EN 55032)

4. Radiated emission

Radio frequency emission
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Conductive ground plane

Vertical metal plate (or Faraday room)

Non conductive table

4. Conducted emission

Radio frequency emission
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Limit (EN 55022 > EN 55032)

4. Conducted emission

Radio frequency emission
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Harmonics Emission

EN 61000-3-2 (<16A)

➢ Classification of EUTs

(classes A, B, C, D)

➢ Limits only for 40 first harmonics (2kHz)

➢ Quality of source (harmonic content)

➢ Measuring equipment based on TFD

EUTSource

Impedance

Generator

harmonic analyzer

input impedance
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Flicker Emission

EN 61000-3-3 (<16A)

➢ Quality of the source

➢ Measuring equipment

➢ Reference impedance

EUT
Source

Impedance

Generator flicker

meter

R

R

jX

j

X

LISN
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Measurements & Tests

Susceptibility

Véronique Beauvois, Ir.

2021-2022
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1. Equipment

Radio-frequency Susceptibility

• 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
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Electric field uniformity

Floor, partially covered with absorbers

Transmitting

antenna

1.5m

1.5m

0.8m

2. Anechoic room

Radio-frequency Susceptibility
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FAC Belcomlab, Oostende (B)

2. Anechoic room

Radio-frequency Susceptibility
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AC ULG, Liège (B)

2. Anechoic room

Radio-frequency Susceptibility
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2. Alternate solutions – Reverberating Chamber

Radio-frequency Susceptibility

- 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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2. Alternate solutions – Reverberating Chamber

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

CEI / EN 61000-4-6

3 or 10V

150k-80MHz (230MHz)

80% AM 1kHz

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

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

Radio-frequency Susceptibility
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CEI/EN 61000-4-3

3 or 10V/m

80M-2.7GHz (step 1%)

80% AM 1kHz

3m

PV

PH

3. Test methods – RF radiated susceptibility - AC

Radio-frequency Susceptibility
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- 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

- In air @ 2, 4, 8 and 15 kV

3. Test methods – Electrostatic discharges

Radio-frequency Susceptibility

47



Copyright © 2021 Véronique Beauvois, ULg

3. Test methods – Electrostatic discharges

Radio-frequency Susceptibility
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3. Test methods – Electrostatic discharges

Radio-frequency Susceptibility
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3. Test methods – Electrostatic discharges

Radio-frequency Susceptibility
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3. Test methods – Electrostatic discharges

Radio-frequency Susceptibility
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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

– Voltage from 250 V to 4 kV with a repetition frequency @5/100kHz

3. Test methods – Burst

Susceptibility to Transients
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3. Test methods – Burst

Susceptibility to Transients
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3. Test methods – Burst

Susceptibility to Transients
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Coupling with a Coupling-Decoupling Network

CDN (33nF)

Coupling with a capacitive 

clamp
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CEI / EN 61000-4-5

– Surge wave

– Common and differential modes

– Positive and negative polarities, once per minute

– Open circuit 1.2/50µs @ 0.5 to 4 kV (0.5 – 1 - 2 – 4)

– Short circuit 8/20µs @ 0.25 to 2kA (0.25 – 0.5 – 1 - 2)

– Coupling with coupling-decoupling networks, capacitors…

3. Test methods – Surge

Susceptibility to Transients
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CEI/EN 61000-4-5 (differential mode)

3. Test methods – Surge

Susceptibility to Transients
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CEI/EN 61000-4-5 (common mode)

3. Test methods – Surge

Susceptibility to Transients
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- 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 = 1.26µT)

-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.

Low Frequency Susceptibility

3. Test methods – 50 Hz magnetic field
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- 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)

- Voltage variations 

3. Test methods – Dips/Interruption/Variation

CEI/EN 61000-4-11

Low Frequency Susceptibility
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Susceptibility – EUT monitoring

- It is required to monitor the EUT behaviour during the susceptibility 

tests.

- Performance criteria (A, B, C, D)

- Parameters monitoring:

– BER

– Voltage - Voltmeter

– Scope

– Luxmetre

– Observing (camera)

– …
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