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Screening attenuation of coaxial cables determined in GTEM-cells

A. Knobloch and H. Garbe
Grundlagen der Elektrotechnik und Messtechnik, Univatsitannover, Appelstr. 9A, D-30167 Hannover, Germany

Abstract. This paper describes the determination of the physically on reflection and absorption of the screening ma-
screening attenuation with a GTEM cell. An analytical part terial. In a general case (Fig. 1 right) the screen or enclosure
gives the link between the voltage at the cell port and theshould have no equipment inside that absorbs a part of the
total radiated power. The next section investigates the oppower. To obtain the poweP; that comes as an orthogonal
timal cable setup in the cell. With a measurement of theincident wave to the screen the orthogonal incident power
common mode current on the cable and a simulation of thedensity vector has to be integrated on an envelope area near
radiation resistance the loop antenna characteristic of the cady the screen. This could be done analytically, but not in
ble setup could be verified. It is shown that the use of fer-practice. To obtain only the screening effecivness of the ca-
rit cores decrease the difference between the maximum anble screen, the screen has to be tested under insertion loss
the minimum screening attenuation. The determination ofconditions. With this considerations it becomes obvious that
great screening attenuation could be improved with the usehe screening attenuation for cables (Eqg. 1) depends not only
of N-type measurement cables. A comparison between thifrom the screenay varies with the geometry, material and
GTEM cell method and the standard methods shows a goothe surroundings of the cable.

agreement. The standard methods absorbing clamp and triaxial

method determine the maximal radiated powRrvia the

common mode current that flows on the screen. It is a pos-

1 Introduction sibility to obain the worst case radiated power. The question
which part of this power is really radiated depends e.g. on

The main topic of this paper is the screening attenuaiijon the terminating resistors of the primary (inner) and the sec-

of coaxial cables. The first section introduces its definitionondary (outer) circuit (Fig. 1 middle) and the surroundings.

and the boundary conditions. The next section describes thin this paper the radiated power is measured in the GTEM

special characteristics of a GTEM cell and the last sectiongell.

present the determination of the screening attenuation in the

GTEM cell. The definition for the screening attenuation of

coaxial cables is given by Eq. (1):

2 GTEM cell

1
a; = 10-log (Pz) @ The Gigahertz TEM cell (GTEM) is a special 80TEM
) _ i . waveguide that is used for emission and immunity tests. The
In Eq. (1) P, is the feeding power an#; is the radiated ¢ s terminated with absorbing material and a mesh of re-
power (see Fig. 1 left and middle). The screening attenuationjsyors that form the characteristic impedance (Fig. 2).

suggested that this value is a measure depending only on the . . .
screen of the cable. For a better understanding of Eq. (1), the The part of the cable that is placed in the cell, radiates

. o . ome power. Unfortunately the power that could be mea-
screening attenuation is now considered for a more genera : :

. . sured at the cell port is not the half of the radiated power,
case (Fig. 1 right).

The word screening attenuation implies that it is a mea_because at this port only the TEM-part of the radiation could

. . be measured. In Wilson (1993) a method is presented to de-

sure for the screening effectivness of the screen only. It bases~ . . .
termine the total radiated powép with a sequence of 3 or-

Correspondence toA. Knobloch thogonal measurements. The cable set is characterized by

(knobloch@ieee.org) an equivalent multipole model. With this model the link
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Fig. 3. Voltages of the 3 cable setudseft: Loop antenna, perimeter = 1 iRjght: Monopol, length = 0.57 m.
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Fig. 4. Screening attenuatiary: Left: Loop antennaRight: Monopol.
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Table 1. 3 orthogonale cable setups.

Position 1 Position 2 Position 3 Example

Loop antenna

Monopol -~ - -

Current
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Fig. 5. Left: Current clampRight: Current on the screen.
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Fig. 6. Left: Radiation resistandRight: Screening attenuation.

between the voltage at the cell port and the total radiatecositon of the cable under test (CUT) in the cell. A good

power is (IEC 61000-4-20, 2003): approximation for the normalized field vector is:
no k(2) 2 2 2 = 4\/2 i
P2 - g . e%ch ' \/Uml * Um2 * Um3 (2) o a ‘ m=1,3,5...
coshM - y) . a
In Eq. (2) 1o is the field impedance of free spadg, = (sinh(M T OSM -0 -sm(M- E) oM g)> - ()

27 /A is the wave numbefZ, is the characteristic impedance

of the waveguidel,, is the voltage, where the index be- For the parametets b, g andk and the coordinate system
longs to the 3 cable setups angl, is the normalized field x, y andz see Fig. 2.Jy is the zero order bessel function and
vector that depends only on the geometry of the cell and theV is an abbreviation fomr /a withm = [1, 3,5. .. c0].
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Fig. 8. Left: Ferrit coresRight: Screening attenuation.

3 Cable setup In the voltage curve progression of the monopol the antenna
resonances could be seen.

The measurements are done with a RF-Generator SMT02 With the three voltages the total radiated power is calcu-
with a source power of 13 dBm. A Spectrum-Analyser lated with Eq. (2). The screening attenuatigrresults with
FSPO7 steps from 1 MHz up to 1.5 GHz in 1 MHz incre- Eq. (1). To see the influence of different setup sizgsis
ments. To obtain a good signal to noise ratio the resolutiondetermined for 2 different perimeters and lengths.
bandwidth is 30 Hz and the video bandwidth and span are 1
kHz. The preamplifier is on and the used detector is at autq,

peak. The measurement is controlled W'th aPCviathe GPI%O 100 or 200 MHz. After that it stays more or less constant,
connection. The used GTEM cell type is 1250. except the resonance or antenna effects varies the curve. This

To determine the total radiated power in the GTEM cell characteristics could be explained with the radiation resis-
the CUT has to be placed in 3 different setups that are ortance of an antenna (see next section). With respect to ob-
thogonal to one another. With respect to a minimum modifi-tain a measure that is more or less independent of a special
Cation of the cell it WOUId be gOOd to have Only one additional antenna Characteristic the |00p antenna ShOWS a more con-
hole. With this restrictions two setups are possible a loop- Ofstant screening attenuation over the whole frequency range.
monopol antenna. Table 1 shows three possible orientation$he |oop antenna has the additional advantage that it could
for each setup. To hold the cable in the optimal position ithe ysed for the determination of the coupling attenuation.
is fixed with elastic bands on a pOIyStyrene circle. The testTherefore a |onger cable is needed to consider the unbal-
cable is a RG 58 coaxial cable (Alcatel). anced attenuation. So the loop is advantageous, because on

Figure 3 shows the three voltages of the different cablethe one port the feeding power could be very near to the
setups and the noise level. As expected the voltage for posisource without a great attenuation and on the other port the
tion 2 of the loop antenna is maximal approximately over thelong cable could follow to have the effect of the unbalanced
whole frequency range, because the electric and the magnetiable. In this paper the cable perimeter of 1 m is choosen to
fields of the cell and the antenna have the same orientatiordetermine the screening attenuation.

Each curve in Fig. 4 is the mean of two measurements. For
oth setups the screening attenuation decrease from 0 Hz up
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Fig. 10. Left: RG 58 Alcatel Right: RG 58 Suhner.
4 Antenna characteristic of the cable setup to the dependence of Eq. (4). With this radiation resistance

and the measured current the calculated and the measured
To investigate the antenna characteristic of the loop antenngcreening attenuation fits very well (Fig. 7).

the common mode current an the cable screen is measured.

To avoid further interference in the test lead, ferrit cores
on the cable are used (Fig. 5). The curve of the measured Influence of ferrit cores
currentis plotted in Fig. 5. With this current and the radiation

resistance of a loop antenna (Simonyi, 1989) In the standard absorbing clamp method ferrit cores are used
4 to avoid unwanted surface wave propagation. Now the in-
R. — 20 (2_7T> (r2)? (ay  fluence of ferrit cores should be investigated for the GTEM
$ A 0 cell method. Therefore ferrit cores are clamped on the ca-

. 5 ble (Kitagawa: 2 RFC10 und 2 RFC13) as it is shown in
the total radiated power could be calculatedPbo= 1< - R;. ig. 8.

: : i ig.
In Eq. (4)A is the wavelength ang is the radius of the I00p  There are two effects of the ferrit cores. In Fig. 8 the

antenna. _In Fig. 6the_rad!at|on resistance and the compansogcreemng attenuation is plotted without the beginning part.
of screening attenuation is presented. _ The resonance effects at 147 MHz, 235 MHz and 382 MHz

_The condition for Eq. (4) is that the loop antenna dimen- 56 gamped very well, but the whole curve shifted a little bit
sions are small in comparison to the wave length. With g, the mean value 52.3 dB to 55.2 dB with ferrit cores. As

loop antenna r_adlus 0 = 0.159 m_thls cond_ltlon_ willbe 5 vasuit one could see that the damping works, but now the
approximatly fit up to 90 MHz. This approximation could g eening attenuation is a function of the used ferrit cores.
be confirmed with the radiation resistance and the screening

attenuation in Fig. 6. To improve the model the radiation

resistance is simulated with an electromagnetic field simu6 Influence of Cable connections

lation tool CONCEPT. Therefore the loop antenna is simu-

lated with wires and the GTEM cell wall is considered with To see the influence of the cable connections a special

patches (Fig. 7). screened coaxial cable (Sucoflex 104B) is measured for two
In Fig. 6 the radiation resistance of the simulation showsdifferent feedthroughts. The supporting documents for this

resonances and has a flat frequency response in comparis@able indicate a screening attenuation of 120 dB and better.
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Figure 9 shows the measured screening attenuation fo8 Conclusion

2 different feedthroughts in the GTEM cell. An N-

feedthrought improves the screening attenuation approxiThis paper gives an analytical way and method to determine

mately 10 dB compared with a BNC-feedthrought. This the total radiated power of a cable in a GTEM cell. With this

shows a great the influence of used cable type. power the screening attenuatiep could be calculated. A
loop antenna is the optimal cable setup with respect to a mini-
mum modification in the cell and the outlook to determine the

7 Comparison with standard methods coupling attenuation with the same setup. With a measure-

. ) ) ment of the common mode current and a simulation of the ra-
In Breitenbach (1998) the screening attenuation of a RG S§jiation resistance the screening attenuation could be verified

cable is determined with the absorbing clamp and the triaxs, it 4 good agreement. Measurements with and without fer-

ial method. The values vary between 48 and 52 dB for thet ¢ores show that the difference between the maximum and
frequency points =200 MHz, =800 MHz und f=3 GHz.

In_ the minimum value of the screening attenuation decrease. To

the frequency range up to 1.5 GHz the measured screeningetermine great screening attenuations N-cables improve the

attenuation fluctuate approximateyi0 dB. _ results. A comparison between this GTEM cell method and
For the comparison two RG 58 cables from different g standard methods shows a good agreement. Further mea-

manufacturer are measured with and without ferrit cores insurement has to work out the upper boundary of the GTEM-
the GTEM cell. The used cable setup is a loop antenna with.o || method.

the perimeter of 1 m. Figure 10 shows the screening atten-

uation. The mean screening attenuation without ferrit cores
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