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Transfer impedance & Screening attenuation

high frequencies: Screening attenuation Wave length
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(IEC 62153-4-1)
Ratio of U/l = R [Jlength dependent, (Ohms law)
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Coupling between two lines (equivalent circuit)
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Char. impedance Z, dielectric constant ¢, velocity of propagation v, propagation constant y = a +jB
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The Summing function S

introduced from

Halme/Szentkuti 1988 (I * f)y (I * g 2sin( (B iBz)-Lc)
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Calculated Coupling Transfer Function T, (RG 058)

The Coupling Transfer Function shows the behaviour

of Zyand a, of a cable screen over the frequency T}” =(Zr22r) Z 2, 2 S;'
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Progress of triaxial test procedure

Until the end of the 1980ties only Transfer impedance was measured with the triaxial set-up.
Based on the Coupling Transfer Function, Otto Breitenbach, Germany, started 1990 the research
to measure screening effectiveness with the triaxial procedure also in the higher frequency range.
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Breitenbach realized, that the max. values of the resonances of the triaxial procedure at higher
frequencies could be used as measure of the Screening attenuation up to and above 3 GHz.
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Principle of the Triaxial test set-up

Transfer impedance & Screening attenuation from DC up to and above 9 GHz
with one test set-up

generator (Slgrj%” under test tube matching resistor
/ L receiver —\
.................................. >
7 AR A AR \
) —
J— —

The triaxial set-up consists of the DUT in the middle of the tube, the generator and the receiver
included in a modern VNA, the matching resistor at far end and the short circuit at near end.

The DUT is fed by the generator. Due to the weak screen, energy is coupling into the outer system
respectively in the tube and a wave is travelling in both directions first.

The short circuit at near end causes a total reflection; and the complete energy which couples into
the outer system is travelling to the receiver and is measured there.

The logarithmic ratio of the received power to the input power is the Screening attenuation.

IEC 62153-4-3Ed2, Transfer impedance, IEC 62153-4-4Ed2, Screening attenuation
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Common mode & differential mode

Common mode

\
unbalanced ) >< ><

coaxial
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P com,near Ucom,n / Q) Ucom,f B

«— Zomn screen/returnpath Zcom!, tar end unbalance
TCTL = Ssd21

near end unbalance

screen and//or other pairs
TCL = Scd1i1

Differential mode

\
difn / Ua
XK

diff,n Gegentaktbetrieb Zdjff,n

Balanced cables can be operated in the common mode as well as in the differential mode.

The "Unbalance Attenuation” of a pair describes in logarithmic scale how much power couples
from the differential mode to the common mode and vice versa. It is the logarithmic ratio of the
input power in the differential mode Py to the power which couples to the common mode P,
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Calculation of unbalance attenuation of balanced pairs

L J - longitudinal unbalance T,

Gy/2 U —Cp Cr — UG /2 T, = (G, + jaC,)- (G, + jaC,)

lateral unbalance L,

G2 U ——c,2 Cj2 —— []62/2 - L,=(R,+ jaL,)— (R + jaL,)
L, R,
- ) unbalance coupling function
1 [
2
dx Tu,n :(TA 'Zunbal. iLA) 7 ZSn
u,f unbal S
summing function:
2
at high frequencies, S, |= T / and at low frequencies S, |=—1
the asymptotic value approaches to:| / ('Bdiﬁ‘ t Beom): the summing function becomes: | ¢

if one sets the summming function into the equation for the unbalance coupling function,
the length / shortens at high frequencies from the equation of unbalance coupling attenuation.
at low frequencies / remains in the numerator; the result is a length dependency at low frequencies

EMC Europe 2019 - Barcelona — 02. — 06. September 2019
Bernhard Mund, bda connectivity GmbH, Herborner Str. 61a, 35614 Asslar, Germany, www.bda-connectivity.com, bernhard.mund@bda-c.com 10




Screening effectiveness of unscreened balanced pairs

EMC Europe 5 BARCELONA
™~

Coupling attenuation on screend balanced pairs

DUT

unbalanced
load

O.
MV = @
L generator \— balun o cap/

receiver

/— generator /— tube (CoMeT) /7 balanced/

/7 tube (CoMeT) balanced/

unbalanced load

| TN

. y 3}

TP - connecting unit \_ CuT \— screening cap
—— generator, 180° phase shift receiver
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Screening & Coupling attenuation with Triaxial procedure

unbalanced load

5@

TP - connectingL cuT I screening cap/

— generator  unit

Ve generator [ tube(CoMeT 40) /7 balanced/

receiver

The principle for coupling attenuation measurement on screened balanced cables is the same than

the basic triaxial procedure with a generator (respectively 2 generators) a receiver and a short
circuit at near end.

IEC 62153-4-9, Coupling attenuation on screened balanced cables was revised recently;
Edition 2 was published in May 2018. Edition 2 contains the balunless measurement of coupling
attenuation with open test head as well as the measurement with standard test head up to 2 GHz.

IEC 62153-4-9Ed2, Coupling attenuation — Triaxial method
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Unscreened pairs with Triaxial procedure - principle

In order to accept the triaxial procedure as reference procedure, some experts demand to measure
also the screening effectiveness of unscreened balanced pairs with the triaxial test set-up.

——— generator tube (CoMeT 40) balanced/
1 P diff [ unbalanced load

< ............................ > Pcom’far
irigid H H : :
semirigi T P X X @

_— X

coax \
/ .......
@ P \ screen cap
com, near CuT

— generator, 180° phase shift receiver

This figure shows the principle set-up for balanced unscreened pairs.
The principle is the same than the balunless procedure for screened balanced cables.

Since there is no screen on the unscreened pair,
there is no short circuit at the near end as in the basic triaxial set-up;

hence coupling measurements can be performed on both ends.
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Near end Coupling attenuation with Triaxial procedure

generator

receiver unbalanced load

near: Scd11 e T T > fern: Ssd21

P e \ /_ J/
TP — connecting unit \_ CUT \ load

generator, 180° phase shift screening cap

/ tube (CoMeT 40) /— balanced/

This figure shows the configuration for near end coupling attenuation measurement.

The back travelling energy at the near end as shown above is considered as the near end
coupling attenuation.

It can be measured as Scd11 where Scd11 is also the unbalance attenuation (TCL) of the
unscreened cable under test (CUT) at near end !

near end coupling attenuation of a single unscreened balanced pair = TCL !
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end coupling att. & TCL of an unscreened balanced pair

near end unbalance attenuation (TCL) of a 5m single unscreened balanced pair, laid on a
wooden table and the near end coupling attenuation measurement (Scd11) in the triaxial set-up

0.0 e , .
A8 HL...Y.
£ —

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

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

200 400 600 800 1000 1200 1400 1600 1800 2000

near end coupling attenuation of a single unscreened balanced pair = TCL !

EMC Europe 2019 -

Barcelona - 02. — 06. September 2019

Bernhard Mund, bda connectivity GmbH, Herborner Str. 61a, 35614 Asslar, Germany, www.bda-connectivity.com, bernhard.mund@bda-c.com 15

Screening effectiveness of unscreened balanced pairs

EMC Europe 5 BARCELONA
o~

Far end Screening- & Coupling att. with Triaxial procedure

/— generator tube (CoMeT 40) balanced/
/ /7 unbalanced load

/\< ............ /\ A /\>
—T:“ ........ — — @
S — >

11 - connecting\_ CuT \— screening cap/

— generator  unit receiver

set-up for the far end screening attenuation (Ssc21) and the far end coupling attenuation (Ssd21)
measurement of an unscreened pair.

The CUT is matched with 50/50/25 Ohm; that means 100 Ohm for the differential mode and 50
Ohm for the common mode.

The 50 Ohm common mode resistor is in series to the receiver of the network analyser.

The Ssd21 measurement (far end coupling attenuation) is in principle the same than the Scd21
measurement (far end unbalance attenuation).

"Ifar end coupling attenuation of a single unscreened pair = far end unbalance attenuation
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Far end Screening & Coupling attenuation of an unscreened balanced pair

0.0
S AV S
-10
-156

e At e e SN

1| ---------- Coupling attenuation (Ssd21)

200 400 600 800 1000 1200 1400 1600 1800 2000
far end screening attenuation of a single unscreened balanced pair = nearly zero !
far end coupling attenuation is nearly the far end unbalance attenuation (TCTL)
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Screening- & Coupling att. of multiple balanced pairs

Basic configuration for coupling attenuation of multiple unscreened pairs

TP-connecting ‘\ test head
unit tube Rom
=00 O & O & O @& ol =N E)
port2 fr——= e
Zcm pair under test Rom receiver
4-port °
Netzwork Rowm Rpm "
Rom Rom
Rom = R-diff. " Rom Rom
mode,
— = I OO (T
Rom Rom
Rom Rpm
I - - - oo
* -----------------------------------------
Rom Rowm

The pairs not under test are grounded by a resistor network 50/50/0. They act as an inner screen
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Far end screening attenuation of an unscreened Catbe

200 400 600 800 1000 1200 1400 1600 1800 2000

The measured screening attenuation (Ssc21) of about 8 to 12 dB of the unscreened pairs
can be explained by the remaining pairs which acts as “inner screen®.
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Far end unbalance- & coupling attenuation of a Catbe

N S O O DU W ﬁf'_ﬁﬁ'._'fﬁfﬁﬁﬁfﬁ ﬁﬁﬁﬁ_'?ﬁﬁﬁf_ﬁﬁﬁfﬁﬁ far end unbalance attenuation
J i : e of an unscreened Cat5e (Scd21)

far end coupling attenuation
of an unscreened Cat5e (Ssd21)

The far end coupling attenuation (Ssd21)
is about 5 to 10 dB better than the far end
unbalance attenuation (Scd21),

probably due to the screening effect of the
A - : : : remaining pairs with a trend to get equal
B T R T R T N TR values at higher frequencies.
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TP-connecting unit for balunless meassurement

/— generator

e

tube (CoMeT 40) balanced/
/ /7 unbalanced load

A

®||@

unit

TP - connecting\_ CuT I screening cap
receiver

@
J

The TP-connecting unit is connected to the triaxial tube with consistently ground connection
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900

1000

Screening attenuation of an unscreened
balanced pair with absorbing clamp MDS 21

The absorber of the clamp suppresses the
common mode currents.

At near end screening att. measurement,

the attenuation of the absorber is actually
measured,

hence Screening attenuation measurement of
an unscreened balanced pair with clamps
does not make any sense.

Coupling attenuation of an unscreened
balanced pair with absorbing clamp MDS 21

Coupling attenuation measurements of an
unscreened balanced pair shows poor values
below 100 MHz;

due to the poor attenuation of the absorber
below 100 MHz.

(should be discussed with IEC TC 46/WG5)
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Coupling transfer function (Ed.2) RG 214

Transfer Impedance 30.0 kHz - 3.0 GHz Test length: 0.93m Screening Attenuation
ZT/(mOhm/m) as(150)/dB

g 8 38

“Screening | ™
~-attenuation--| 7

T

ransfer impedance

g

-100

NEERRE | SN L] -105

Z;/[mOhm/m]

as/[dB]

VRN W . A 110

NN S S— s

for further details on Coupling Transfer Function see IEC 62153-4-1

------------- fssusefuecadasad oA

0.10

01 02 05 10 2 5 0 20 50 100 500 1000 2000
Frequency: ffMHz
see also 62153-4-1, clause 5
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Low frequency Coupling attenuation

Low frequency Coupling attenuation of single balanced pairs can be measured
with the same set-up as for Coupling attenuation but starting at 9 kHz

-30

/) IEURRRRNRRICRRNST SNSRI, SPRSD. | IE 0 X R
unscreened .,

Bl Lssassmsatumsalatstuntaitlconand EBLE Y S

-100
-110
-120

-130

10 2 34 6 10 20 3040 60 100 200 300400 600 1000 2000
The unbalance of the TP-connecting unit shall be considered; test length 3m, Ssd21
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Measurement uncertainties

When measuring unbalance or coupling, unbalance of test set-up shall be considered

Optimally calibrated and phase-stabilized measuring devices (VNA, test leads and connecting
units) show a specific frequency-dependent course of a system-mode conversion.

This is at low frequencies between -80dB and -70dB and increases with increasing frequencies at
about -60 to -40dB. Depending on the phase position, this system-mode conversion
superimposes the mode conversion of the test object constructively or destructively.

The result of the measurement is thereby falsified and, in particular, very strong if the amount of
the mode conversion of the test object approaches or even undershoots the amount of the
system mode conversion.

All Low frequency Coupling attenuation (ag ) measurements (slide 18) may be victims of such
overlays. The system values should therefore be recorded and included in the measurement
uncertainty analysis.

An estimation of the system mode conversion can be done by measuring the reflected
mode conversion parameter Scd11 with a TP-connecting unit having an open loop;
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Measurements at higher frequencies

the tube.

W ' With the inner diameter D of the tube and the
B —yo 54 ' B ' p diameter d of the DUT, the cut-off frequency
80 i R _ i H .
- W\ 1j‘i’\ Jrl;' mﬁm Mﬂ [\W i j\w V\} -W [-! f p“; -ﬂ-\ for the H11-wave (TE11-wave) is given by:
%0 l/w ) \ V L\ |lv' 1] \\)U ]ﬁ '%M )JJ[| \!\( W. 'J l':1p‘ﬁ\“l‘ A, zz(D+d)
% | | Mk / \ \ | i '[ J 2
-100¢ L v - \{ - The influence of the H11 mode can be minimized if
-106 \ the CUT is mounted concentrically (symmetric) in

s Screening attenuation of a RG 214

# 0 200 a00 40 5000 oo o0 s soo  UP t0 9 GHz in Triaxial tube CoMeT 40
70

75

g0/ as(150)/dB

po{ T
poli L

il
(u

LN -V \n\
M‘WL\f %\U'V“ﬂﬂﬂ VH Mi N\% [MM\}JJ\W] h |

T

1000 2000 3000 4000 5000 6000 7000 8000 9000

Screening attenuation of a RG 214 up to

9 GHz in Triaxial cell with magnetic absorber
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Conclusion

The Triaxial test procedure is well established to measure Transfer impedance Z;
and Screening attenuation ag— or Coupling attenuation a; on communication
cables, connectors and components since more than 80 years.

EMC of screened & unscreened balanced cables below 30 MHz can be measured
as “Low frequency Coupling attenuation” a ;; from less than 9 kHz (DC) upwards.
It could be shown, that (Screening-) and Coupling attenuation of unscreened
balanced pairs can be measured easily with the triaxial test procedure,

(Coupling attenuation a. of single unscreened pairs = unbalance attenuation a,))
Hence the triaxial test procedure should be the preferred procedure respectively
the reference procedure to measure the coupling attenuation of screened and
unscreened balanced cables as already established for coaxial cables.

Advantages of the triaxial procedure: Continiously screened test set-up also for
unscreend pairs with well defined ground connections and a broad frequency
range from DC up to and above 3 GHz !

Further measurements from different test laboratories should be performed
Calibration of clamp procedure for unscreened pairs shall be discussed.
Further questions: bernhard. mund@bda-c.com
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Progress of International Standards for Triaxial Procedure

TS 62153-4-1 |Introduction to electromagnetic (EMC) screening 2014-01 |published
measurements
62153-4-3Ed2 |Surface transfer impedance - Triaxial method 2013-10 |published

62153-4-4Ed2 |Shielded screening attenuation, test method for measuring of [2015-04 |published
the screening attenuation as up to and above 3 GHz

62153-4-7Ed2 |Shielded screening attenuation test method for measuring the
Transfer impedance Zr and the screening attenuation as or the|2015-12 |published
coupling attenuation ac of RF-Connectors and assemblies up
to and above 3 GHz, Tube in tube method

62153-4-9Ed2 |Electromagnetic Compatibility (EMC) — Coupling attenuation, |2018-04 |Published
triaxial method

62153-4-10Ed2(Shielded screening attenuation test method for measuring the |2015-11 |published
Screening Effectiveness of Feedtroughs and Electromagnetic

Gaskets
62153-4-15 Test method for measuring transfer impedance and screening |2015-12 |[Revision in
attenuation - or coupling attenuation with Triaxial Cell preparation
62153-4-16 Relationship between surface transfer impedance and 2016-10 |published

screening attenuation, Conversion as and Zt
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