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Background & Outline of Our Work:

• Modern electronic equipments susceptibility against 
electromagnetic irradiation shows a strong angular 
dependence.

• In this presentation we:
1. Quantify typical parameters and compare measured 

values to theoretical predictions.
2. Investigate if the results from low level coupling 

measurements also are applicable to high level 
Radiated Susceptibility tests.
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Background - Directional Dependence
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METAL PLASTICS PCB’s 

Power Supply 
Unit Wings 

Main Board 
Electronics 

Transmitter 
Board 

FOL Outlet 

WIRES 

Manufactured by

Length 815 mm

Diameter 105 mm

Wing size 50x120 mm

The Test Object, GENEC
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Description of Measurements – In Theory
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Description of Measurements – In Practice
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Typical Coupling Measurement Results
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Choice of Angular Resolution
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The minimum angular resolution needed to resolve the 
angular dependence [Bäckström et al. IEEE EMC Symp. Montréal 2001 pp. 1227 –1232]:
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Frequency 
(GHz) 

qD  
(theory) 

Most narrow peak 
3 dB half-width 

0.5 13 33 
1 10 16 
2 6.6 8 
4 4.1 5 
8 2.5 2.5 
18 1.1 £ 1 

 

Thus, antenna theory gives a good estimate of 
the required angular sampling interval.

Calculated and Measured lobe widths
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Absorption Cross Section in 
Anechoic and Reverberation Chamber
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Estimates of the maximum directivity from “standard” antenna 
theory yield 30 dB (at 1 GHz) to 50 dB (at 20 GHz) for an 
antenna of the size of GENEC.

This is far above the measured 10 - 15 dB. Not surprising since 
GENEC is not designed to be an antenna!

Theoretical Estimation of the Maximum 
Partial Directivity
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An approach based on antenna theory but using a stochastic 
approach gives:

Theoretical Estimation of the Maximum 
Partial Directivity II
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Maximum Partial Directivity
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First Conclusions

• We can theoretically predict parameters as lobe 
widths and maximum partial directivities for typical 
electronic equipment.

• The result above, we have shown for low level 
coupling measurements, but are they also applicable 
to high level Radiated Susceptibility testing?
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Radiated Susceptibility Testing

GENEC

Fibre Optic 
Link between 
GENEC and 
control roomPositioner

S-band 
Antenna

Microwave Test Facility

(Irradiation Source)
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The Test Set-up, Parameters

A B 0

-90

90

180

In wing plane

Microwave 
Test Facility 15m

E = 250 V/m – 13 kV/m prf = 30 Hz
n= 2.857 GHz pulse length = 4.7µs
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Disturbance Criterion

• The criterion need to be unequivocal

• The evaluation of the criterion need to be fast
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Unequivocal and Fast 
Disturbance Criterion

Non-disturbed signal Disturbed signal



19
Sensor Technology  - Magnus Höijer IEEE EMC Sweden Chapter, April 21, 2004

Result: Susceptibility

For every angle the minimum 
power density (    ) needed to 
disturb GENEC is monitored.

dS
litySusceptibi

1
º

dS

Irradiation in the wing plane, 
Polarisation parallel to the wing plane.

Unit: /Wm dB 2
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Adjustment of the Position of GENEC

The scientists 
are using their 
knowledge of
trigonometry!
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Unit: /Wm dB 2

The test set-up was 
dismounted, and 
completely rebuilt the 
next day.

The Susceptibility 
test was repeated 
(green curve).

Repeatability of susceptibility test

Irradiation in the wing plane, 
Horizontal polarization.
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Comparison between RS-test and 
Coupling measurements I

Cross section:  Unit : 
S

P proberec,ºs 2m

Susceptibility:  Unit : 
dS

Susc
1

º Wm /2

How to compare             with      ?2mWm /2
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Comparison between RS-test and 
Coupling measurements II

The directivity (defined according to the IEEE-standard)
is calculated from both the RS-test and the coupling 
measurements and plotted in the same polar diagram. 

The expression “apparent directivity” is introduced to 
emphasize that we have only calculated the directivity in 
one plane, and it might differ from the whole solid angle 
directivity.
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Comparison between Radiated 
Susceptibility Test & Coupling 

measurement I

Blue curve: RS-test

Red curve: Coupling 
measurement Probe B

Green curve: Coupling 
measurement Probe A

-20 -10 0 10 dB
Directivity:
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Comparison between Radiated 
Susceptibility Test & Coupling 

measurement II

Red curve: Coupling measurement Probe B

Magenta dashed curve: RS-test

Irradiation in the wing plane, Vertical polarization.
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Final Conclusions

• We can theoretically predict parameters as lobe 
widths and maximum partial directivities for typical 
electronic equipment.

• The predictions are equally good for low level 
coupling measurements as for high level Radiated 
Susceptibility testing.


