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0 Introduction

The testing of dectromagnetic interference presents, in generd, enormous problems due to the very
high cogts involved in congtructing and preparing test equipment. Over the past years, investigations
have been carried out as to how these very complex field tests could be carried out usng smpler,
less expendve equipment.

Various new test ingtalations have been proposed based upon far field measurements of an antenna.
Theam of these indallations was to test the emisson or interference resstance of adevice under far
fiedd conditions as redigtic as possible. TEM cells and other TEM wave guide congtructions have
aready become part of today's standards. Well-enclosed housings no longer require expensive,
shielded rooms. Therefore, alarge requirement has evolved for this type of inexpensive test
equipment. Recently, alot of test facilities have been offered on the market as further possibilities for
fiedld measurements. They dl dam to fulfil the function of TEM wave guides.

Theintention of this presentetion isto investigate how it could be determined whether they fulfil TEM
wave conditions. This leads to definitions as presented in IEC 1000-4-3. This standard should
appear as EN 61 000-4-3. The generd definitions from the standard will be clarified to dlow a
comparison between the test devices. The proposed limits for field homogeneity and depolarisation
angle are judtified.

Under these assumption TEM-, GTEM-, G-Strip and MAC-cdlls are tested. Asaresult the
gpplicable frequency range for each test facility could be clearly identified.
1 Antennafar field = TEM wave propagation

As shown in[1] each given dectromagnetic field can be described as a superposition of well known
wave types caled field modes:

Theterm Txy stands for "There is no component of the x- and y-field in longitudinal direction
(=direction of wave propagation). There are only transverse components of x- and y-field".
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From this we can see that the TEM-wave doesn't have to have alongitudina component.

Theratio of |ETEM| and |HTEM| isgiven by
GI'EM = |%TEM| :\/E:lchw
|HTEM | €o

The propagation velocity of the TEM-mode is given by the materid congtant likewise:

for propagation in air.

Thisisthe wel known speed of light.

Identifying TEM-fields we have to look for the following criterions:

1. Only fidd components in the transverse plane

2. Rétio of the absolute vadlue is given by 120p W.

3. Propagation velocity isequd to c.

Ancther important aspect of the TEM mode is that it isindependent of the radiator / antenna.

After this scientific considerations let's have alook to red applications of field measurements. As
proposed by |IEC 1000-4-3 atypica test set-up is shown in figure 1.

Transmitting antenna

Equipment under test

o

Fig. 1. Immunity measurement in an ALC (MAZ, Hamburg)

Page 2 of 27



WS: "TEM Waveguides - Principles, Evaluation Criterions and Examples -" ©Prof. Dr.-Ing. H. Garbe, 2000

An antenna.illuminates the EuT for the frequency range from 10 - 1000 MHz. The distance between
EuT and transmitting antenna has to be 3 m.

It can be show thet the rediated field far away from the antenna fulfils the TEM-mode criterions. the
rule of thumb for the minimum distance is some what in the order of the used wavelength. For this
case thisisnt valid. The wavelength from 10 MHz requires a distance of 30 m. On the other hand a
high fidld strength is needed at the EuT. So a compromise is found and the minimum distance is st to
3 m. Nevertheless TEM-mode conditions is assumed &t the EuT.

Concluding this chapter we can say that we need a defined field mode (TEM mode) to ensure
reproducible and well defined field measurements. If severd test facilities have to be compared the
main task is how the test Ste generates a pure TEM-fidd.

2 Evaluation Criterions

The cdibration procedure for fild immunity testsis shown in figure 2.
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Fig. 2. Fidd cdibration according to IEC 1000-4-3

Various criterions which dternative test equipment must fulfil, can be extracted from the IEC 1000-
4-3 standard. They are presented briefly below:

Field Homogeneity

The |EC 1000-4-3 chap. 6.2 requires the field to be homogeneous over a surface in front of the test
object.

A surface perpendicular to the direction of the field propagation is selected. This square surface must
be at least as large as the irradiated surface of the device under test (DUT), but not more than 1.5m
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x 1.5m. The DUT isremoved and the field strength measured at each of 16 equdly digtributed
points. For at least 12 points, the difference between the minimum and maximum vaues must not
exceed 6 dB.

field propagation o
/ ‘ v
I i1 0.8 m

conducting surface

Fig.3: Definition of field homogeneity for irradiation test according to |EC 1000-4-3

The surface in which the field point are located must be aslarge as the irradiated surface of the DUT.
Thetest points may not be situated on the conducting surface or under the DUT.

A disadvantage of this procedureis that 25% of the measured values are not taken into account in

any way. For this reason a new dtatistical approach was proposed in [4]. Assuming a Statistical
distribution of the measured values the 6 dB criterion can be written as

with:  mean vaue X=-a X

standard deviation 5=, 1 ----- a ()g - 3&)2
probebility p(x- kxSE x £ x+k>s)= 75%® k=115

To obtain the required homogeneity of the field strength at first the mean vaue and the sandard
deviation for the n=16 measured field values have to be caculated. If 20>40g-?-(--t-]-"--1--§-:- issmaller than 6

x+11

dB the criterion isfulfilled. Figure 4 shows an example for the fidld homogeneity of a GTEM cdl a

100 MHz.
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Fig. 4: Fied homogeneity of aGTEM call
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Defined field polarisation / TEM wave propagation

”... Thisinvestigation shdl be carried out separately for vertical and horizontd fidlds ....” (IEC 801-
3/1EC 1000-4-3 chap. 7)

At this point the observed field strengths must be differentiated. The total field strength is often
viewed as

— 2 2 2
Eg =|EZ +E2+E;

Polarisation direction

yd E
Ey
a
X
Ex

.

E, <
Popagation directic

Fig. 5. Definition of the fiedd components

On the other hand, the field strength component in the polarisation direction is often investigated.
For wave guides with dominant higher order modes a consderation of the tota field strength is
better. Both values are investigated in the following comparison.

This requirement should clarify any possible radiation intrusion channels. The dependence of
interference res stance on the polarisation direction alows deductions to be made concerning , e.g.,
intrusive radiaion caused by dits or other apertures.

By determining the depolarisation between the theoretical and actud polarisation angles, information
can aso be gained on the existence of TEM-mode. The existence of a component in the direction of
propagation gives information about the presence of a higher mode. The error angle can be deduced
from the following equetions.

where:
Expol isthefield strength component in the transverse direction perpendicular to the polarisation

vector
Eiong isthefield strength component in the direction of propagation
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actual field strength

«# direction of propagatior

polarisatio

Extrans Elong

tran: se surface

Fig. 6: Definition of depolarisation angle
Theided angle of 0° can never be achieved. Assuming a point source the propageation of the TEM
waveis sphericd. Thisintroduce an angle of 14°. Asdready shown in [4], avadue of 20° for both
anglesisredigic. Thisleadsto thelimit that 75% of the measured depolarisation angles have within
+20°.

3 Measuring the field components

Normally a high resstive dipole is used to messure the components of the E-field. The radiation
pattern of such adipoleis shownin figure 6.
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Fig. 7: Rediaion pattern of a high resgtive dipole

It can be seen that through the diode the sign of the E-field componentsis missing. Thisleadsto a
misinterpretation of the direction of E as shown in figure 8.
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Fig. 8: Effects of themissng Sgn

To recongtruct the Sgn the measurement has to be done twice at each point. Figure 8 shows the
procedure for arotation of the coordinate system of 15°.
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measured vector

Fig. 8: Recondruction of the missng sgn

4 TEM wave guide examples
41 Measurement set-up
Thefollowing were investigated:

TEM Cdl (Crawford type)
GTEM 500

GTEM 1250

G-Strip

MAC

The positioning of the measurement points is shown in figure 9. Figure 10 displays the measurement
equipment for the example of a GTEM-cell. For each field point the components of the eectrica
field strength are shown. The following nomenclature is used for the coordinate system:

z coordinate

coordinate in the propagation direction or longitudina direction

y coordinate

polarisation direction

x coordinate

direction of transverse plane perpendicular to the direction of polarisation
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Septum

area of field points

Fig. 9: Fdd pointsinthe TEM Cdl

50W

test yolumn

GTEM-waveguide

Septu u

50W )qZE

Millivoltmeter E-field broadband terminatiol
URV55 EMCO 7110 with discrete resistors
Rohde&Schwarz EMCO 7123 and absorbers
L]

amplifier signal generator

PowerLabs | SMTO02 PC

R727LC Rohde&Schwarz =

Fig. 10: Measurement equipment

Nine measurement points in one plane were chosen for each of the three arrangements and this plane
was further considered. For the TEM cdll, GTEM cdl, G-Strip and MAC the frequency range 10
MHz to 1000 MHz was considered. The input voltage (fig. 10) was dwayssetto 10'V.

a/ mm b/ mm

TEM 490 580

GTEM 500 450 +/- 40 460 +/- 50

GTEM 1250 1140 +/- 94 | 1160 +/- 94

G-Strip 350 660
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MAC 225 450
Tab. 1: Dimensonsof aand b

To judge the different TEM wave guide the results are displayed in the order as written in table 2.

Figure | Value solid line dashed line | Unit

a) Measurement set-up

b) transversd depolarisa= | a, 2:115:s deg
tion angle

C) longitudina depolari- a, 2:115: s deg
sation angle

d) Field strength E +115x%s E-115% |4V
7% intervad m

e 75% Interval in dB 20| E+116s |6 dB

E- 116s

Tab. 2: Title of the measurement figures

The measurement results can be found in the annex of this paper.

5 Conclusion

Within this presentation it was is investigated how it could be determined whether a new proposed
test diteis equd to the old Open Area Test Site (OATS) or anechoic chamber (ALC). The genera
definitions from the stlandard will be darified to dlow acomparison between the test devices. This
leads to the condition that a pure TEM wave must be generated on such anew test site. A new
datistical gpproach characterising the field homogeneity was shown. The criterion "depol arisation
angle" determines the dominant present of the TEM mode.

Under these assumptions TEM-, GTEM-, G-Strip and MAC-cells were tested. As aresult the
gpplicable frequency range for each test facility could be clearly identified.
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Annex

TEM cél (Crawford type)

A

TEM-Zelle

Site view

top view

Fg. a
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tem-Zelle, longitudinaler Fehlerwinkel

Fg. c Longitudind depolarisation angle
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GTEM 500

Fg. a

Measurement set-up
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Fig.b:  Transversd depolarisation angle
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gtem-Zelle, longitudinaler Fehlerwinkel
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C GTEM 1250

Fg. a M easurement set-up
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Fig.b:  Transversa depolarisation angle
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Schwankungsbreite, 75% /dB
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Fig.a  Measurement set-up
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