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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC CABLES AND OTHER
PASSIVE COMPONENTS TEST METHODS -

Part 4-6: Electromagnetic compatibility (EMC) —
Surface transfer impedance - Line injection method

FOREWORD

The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization co
all national electrotechnical committees (IEC National Committees). The object of, IE€ is to
interhational co-operation on all questions concerning standardization in the electrical and“electronic fi
this pnd and in addition to other activities, IEC publishes International Standards, Téchnical Specifi
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
Publ|cation(s)”). Their preparation is entrusted to technical committees; any IEC (National Committee in
in the subject dealt with may participate in this preparatory work. International, governmental a
govgrnmental organizations liaising with the IEC also participate in this préparation. IEC collaborateg
with [the International Organization for Standardization (ISO) in accordance with conditions detern
agrepment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an inte
consfensus of opinion on the relevant subjects since each technical committee has representation
interpsted IEC National Committees.

IEC [Publications have the form of recommendations for international use and are accepted by IEC
Compittees in that sense. While all reasonable efforts aré,made to ensure that the technical conten
Publ|cations is accurate, IEC cannot be held responsible for the way in which they are used or
misipterpretation by any end user.

In ofder to promote international uniformity, IEC, National Committees undertake to apply IEC Pub
trangparently to the maximum extent possiblg;in their national and regional publications. Any diy
between any IEC Publication and the correspgnding national or regional publication shall be clearly ind
the lgatter.

IEC jtself does not provide any attestation of conformity. Independent certification bodies provide cqg
assessment services and, in some, areas, access to IEC marks of conformity. IEC is not responsiblég
services carried out by independent\certification bodies.

All upers should ensure that they have the latest edition of this publication.

No liability shall attach to IEC"or its directors, employees, servants or agents including individual exp
members of its technical'committees and IEC National Committees for any personal injury, property da
othef damage of any \nature whatsoever, whether direct or indirect, or for costs (including legal fq
expenses arising out, of the publication, use of, or reliance upon, this IEC Publication or any of
Publ|cations.

Attention is drawn to the Normative references cited in this publication. Use of the referenced public
ensable-for the correct application of this publication.

Attentiof), is”drawn to the possibility that some of the elements of this IEC Publication may be the s

mprising
promote
elds. To
cations,
bs “IEC
terested
hd non-
closely
ined by

national
from all

National
t of IEC
for any

ications
ergence
cated in

nformity

for any

erts and
mage or
es) and
her IEC

btions is

bject of

patept'rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 62153-4-6 has been prepared by subcommittee 46A: Coaxial
cables, of IEC technical committee 46: Cables, wires, waveguides, RF connectors, RF and
microwave passive components and accessories cables, wires, waveguides, r.f. connectors
and accessories for communication and signalling.

This second edition cancels and replaces the first edition, published in 2006.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
46/650/FDIS 46/654/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list detallic

commynication cable test methods, can be found on the IEC website.

The cogmmittee has decided that the contents of this document will remain unchanged uptil the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the‘data relpted to
the specific document. At this date, the document will be
e recpnfirmed,

e withdrawn,

e replaced by a revised edition, or

e amgnded.

A bilingual version of this publication may be issued at.a later date.
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METALLIC CABLES AND OTHER
PASSIVE COMPONENTS TEST METHODS -

Part 4-6: Electromagnetic compatibility (EMC) —
Surface transfer impedance - Line injection method

1 Scope

This p
commy

and measuring the induced voltage in order to determine the surface transfer impedance.

Measu
with th

2 Nd

There

nication cable by applying a well-defined current and voltage to the screen(of t

rements in the frequency range from a few kHz up to and above 1.GHz can be
e use of normal high frequency instrumentation.

yrmative references

hre no normative references in this document.

3 Tdrms and definitions

For the

ISO an
addres

e |EC
e |IS(Q

3.1

inner ¢
circuit
subscr

3.2
outer ¢
circuit

purposes of this document, the followingiterms and definitions apply.

d IEC maintain terminological databases for use in standardization at the fo
ses:
Electropedia: available at http://www.electropedia.org/

Online browsing platform:-available at http://www.iso.org/obp

Lircuit
consisting of ¢he” conductor(s) and the screen of the CUT and is denoted
pt 2

circuit\(line injection circuit)
cansisting of the screen surface of CUT and the injection wire and is denoted

subscr

art of IEC 62153 determines the screening effectiveness of a shielded riretallic
h

cable

a)
-

made

lowing

by the

by the

Ir's’r'1

3.3

transfer impedance

Z7

quotient of the longitudinal voltage induced in the inner circuit of the electrically short cable
under test to the current in the outer circuit (line injection circuit) — or vice versa — related to
unit length

4 Physical background

One important element in the determination of the screening effectiveness of cables is the
transfer impedance Zt of its screen.
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Most cables have a negligible capacitive coupling. But for loose single braided cables,
capacitive coupling cannot be neglected. The coupling through the holes in the screen is
described in terms of the through capacitance Ct or the capacitive coupling admittance Y.
For an electrically short uniform cable, Y is defined as the quotient of the current induced in
the inner circuit to the voltage developed in the outer circuit — formed by the screen under test
and the injection wire — or vice versa related to the unit length.

In case of a non negligible capacitive coupling, the screening effectiveness is described by
the equivalent transfer impedance Z;g:

Z1e =max|Zg + Zq| (1)
Zp = joCrZ1Zy = YcZ4Z; (2)
where
® is the radian frequency;
+ + refers to near end, — refers to far end measurement;
Cr is the through capacitance;
Yo is the capacitive coupling admittance;
Z, is the characteristic impedance of the outer circuit (line injection circuit);
Zy is the characteristic impedance of the inner circuit (cable under test);
Zg is the capacitive coupling impedance;
Zt is the transfer impedance;
Z1E is the equivalent transfer impedance.

For mqgre information, see the respective.parts of IEC 62153-4-1.

5 Test set-up

5.1 General

As shgwn in Figure 1, the*injection circuit is constructed as a transmission line using |one or
more farallel wires, a_corrugated ribbon cable or a flat copper braid with the outer conductor
of the ¢able under.test. The injection circuit is connected to the coaxial line at each end|via an
injectign featurel/The injection wire shall be fitted tightly to the cable sample alopg the
coupling length_(e.g. with an adhesive tape). The characteristic impedance of the injection
circuit |shall-be equal to the generator output resistance and the load resistance Rq;|this is
achieved/by“choosing an appropriate conductor size and the type of insulation of the in'iection
wire.

The reflection coefficient of the injection feature and the injection circuit along the coupling
length shall be less than 0,1 related to the generator output resistance, i.e. the return loss
should be higher than 20 dB.
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Generator

Recejver

IEC

a injection feature
b ferrite
[ brass/copper tube for additional screening
d screening box for the matching resistor of the cable under test
e screening box for connecting the cable under test to the-receiver
f screened-room wall with screened coaxial feed-through (if needed)
g connector (SMA, N, etc.)
h feeding cable from the generator
i feeding cables for injection wire
k connecting cable to receiver
X cable under test

injection line
L, coupling length

Figure 1 — Complete installation

5.2 Equipment
The megasuring equipment consists of

a) a vectorswetwork analyser or alternatively

o |adsignal generator with the same characteristic impedance as the line injection| circuit

and with a power amplifier if necessary for very low transfer impedance

e a receiver with a calibrated step attenuator and complemented with a low noise
amplifier for very low transfer impedance,

b) a time domain reflectometer (TDR) with a rise time of less than 350 ps or vector network
analyser (at least 3 GHz) performing a return loss measurement transformed into the time
domain.

5.3 Injection feature

The design of the injection features is adjusted to allow an optimum matching of the
symmetrical TEM in the coaxial feeding and terminating cables to the asymmetrical field along
the parallel line whilst maintaining good mechanical strength for repeated use. Details of a
possible injection features are given in Figure 2 to Figure 6 (the figures are related for a
coaxial cable connection of RG223). Fine tuning of the discontinuity can be made by varying
the foam insert, item 8 of Figure 2.
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Alternatively, a suitable injection features can be made with a small connector (solder spill
type) strapped to the CUT, or more easily by strapping the outer conductor of a small coaxial
cable of appropriate characteristic impedance to the bared sheath of the CUT. In the test
section itself, the centre conductor of the coaxial cable is continued using two or four parallel
wires, corrugated ribbon cable or flat copper braid. Fine tuning of an injection feature
discontinuity can be achieved by strapping the joint and the injection wire more closely onto
the sheath of the CUT in the test section.

10 8 3
Y P
1 e 1/ h
) _i_’ 81 _'—‘T: 7
2 s
'
4 —
. B
Y -
]
@@ |
L
1 IEC
Quantity Part Pos. Remarks, material
4 Metric screw M3 x 10mm 11
2 Metric screw M3 x.6mm 10
1 Pin: dia. 2mmiength 8mm 9
1 Foam dielectric 8 er close to 1
1 Injection wire 7
1 50 Q coaxial cable 6 Impedance as required
1 Cable under test (CUT) 5
1 Insert for CUT 4 Brass
1 Impedance matching part 3 Brass
1 Lower part 2 Brass
1 Upper part 1 Brass
Test injection feature
(two required)

Figure 2 — Assembled injection feature for the transmission type line,
Injection method — Parts list
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Figure 4 — Lower part of injection feature — Position 2



https://iecnorm.com/api/?name=2b1ad84f56263f7cff25790a400cda4e

-10 - IEC 62153-4-6:2017 © IEC 2017

— A
2,5
M 23,5 10
| ; _‘\i45° -'_I i‘-— + | — h—i
o B e i e 4
AllZ772AD ¢ masa
| " R3 + ,
30 e A
[ — -
' 30
B
1
N - T . |
7 F" | HET
A : A

IEC

Figure 5 — Impedance matching part of
injection feature — Position 3
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Figure 6 — Insert for adapting the different sizes of
the cables under test — Position 4

5.4 Impedance of inner circuit

It is not necessary to match the impedance of the receiver with the impedance of the inner
circuit (cable under test). However, the load resistance R, shall be equal to the characteristic
impedance of the (quasi) coaxial line of the prepared cable sample (inner circuit) (see 6.2).

If the impedance Z, of the inner circuit (coaxial or quasi coaxial) is not known, it may be either
determined with a time domain reflectometer or by using the following method:

One end of the prepared sample is connected to a network analyser, which is calibrated for
impedance measurements at the connector interface reference plane. The test frequency
should be at least 10 MHz and shall be the approximate frequency for which the length of the
sample is 1/8 X, where A is the wavelength.
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where
ftest
C
L

sampl

€1

The sgmpfe s short=circuited at the far end. The IMpedance Zg,o; 1S measured. . |

The sgmple is left open at the same point where it was shorted. The impedance Z|

measu

Zyis ¢

6 Preparation of the test sample

6.1

The re
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c

Stest ®
8-Lsample Ve

is the test frequency in Hz;
is the velocity of light, 3-108 m/s;
e is the length of sample;
is the resulting relative permittivity of the line injection circuit.

red.

hlculated as:

Zy = \/Zshort 'Zopen

General

commended test length between the twoginjection features is 0,5 m for frequeng
Hz (see also 6.2). For an injection feature as described in 5.3, the CUT sho

(3)

bpen

(4)

ies up
uld be

shieldgd with brass or copper tubes outside\its test length (see items 41 and 42 in Figure 7).

The shielding tubes shall make contact with the cable screen S at E by soldering or cri

If sold

to chogse the tube diameter such that-the CUT can be inserted with the outer sheath re

and fi
is pre

tube. Another possibility is the-use of wedges to contact non-solder able aluminium fo

cables

One end of the CUT ‘is’ prepared with a suitable RF connector (e.g. N (IEC 61169-16

(IEC 6
screen

(coaxial or guasi coaxial system, see 6.4). For bigger cables, it is recommended

severa
be ne
charac

ring is used, care shall be taken ot to overheat the cable dielectric. A good pra

d by a standard crimping/tool. The advantage of this method is that the cable |
ented from unravelling/near the test length of the CUT by the close positioning

D169-15) to"make the connection to the receiver. The other end is matched with
ed resistar, the value of which is equal to the characteristic impedance of th

resistors in parallel. All connections shall be made so that the contact resistan

mping.
ctice is
moved
praid S
of the
I/braid

, SMA
a well-
e CUT
to use
ce can
for the

leeted with respect to the results. For coaxial RF cables with standard values

le RF

connectors (N, SMA) on both ends of the CUT and to use standard highly screened coaxial
terminations.

The load resistor and the connection to the receiver cable are mounted in screening boxes
(Figure 8). The completed CUT and the injection circuit shall be tested with a TDR for the
electrical quality of the test set-up. Bending forces shall be avoided at the joints between the
tubes and the test section of the CUT to prevent mechanical damage.

To reduce the influence of unwanted coupling of electromagnetic energy into the free ends,
the sum of both /1 and /2 shall not exceed the length of the test section of the CUT (Figure 7).
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Figure 7 — Preparation of the cable under test (CUT)

Cover
-, ee T T
o ] f"’J
[:—:'_-h—______f — #-f 5

1 ___F"
1 e — i |
| _—~—"Cable under test with _Fﬂ_,s"\“."’ e
additional brass tube __—" i -

N )
- \_..od"’ﬁr T & e
=} ) | Q- Cable under test with

TR additional brassrtrube

To screened
room

IEC

Figure 8 — Additional screening of connectors on
the cable under test (CUT)

6.2 Sample length

The cdupling.length depends on the highest frequency to be measured. The coupling|length
shall bp 0,5-miif not other specified, but not less than 0,3 m.

The re ation haotwoaon caovnlina lanath ond hinhoact toct feaniinneoy an-ha:
oo cc e gtTorrttr e st otTTTe >4

<SS
SO pPTmg 1S S goerocy S grvertoy-

L (3)

C

emax =
T fmax
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where

€1

€r2
+

c

Jmax
L

c:max

is the resulting relative permittivity of the line injection circuit;
is the resulting relative permittivity of the cable under test;

+ refers to near end , — to far end measurement;

is the velocity of light, 3-108 m/s;

is the highest frequency to be measured in Hz;

is the maximum coupling length in m.

The ideal conditions for the test circuits are as follows:

a) th
re

characteristic impedance of the line injection circuit is equal to the generator
istance and the load resistance Ry;

output

b) the characteristic impedance of the line injection circuit does not vary along ithe coupling

lenjgth (reflection coefficient less than 0,1);
c) the reflection coefficient of each injection feature is less than 0,1 e. the retu

shq
d) th

e) s

For an
couplin

is the
U

generd

6.3

Screer]
all con
individ
shall b

uld be higher than 20 dB;

me propagation velocity in the inner and outer circuit.

y mismatch in the test set-up, the highest frequency to be measured with a d

n loss

b characteristic impedance of the quasi coaxial line of the (prepared cable sample is
eqjal the load resistance R2;

efined

g length will be less than calculated. In thiscase, the highest frequency may be

derived at the 6 dB deviation of the linear progress of'the curve in a diagram where the| x-axis
frequency in the logarithmic scale and  the"y-axis is the logarithmic voltagge ratio
tor/Ureceiver'
Screened symmetrical cables
ed symmetrical cables are treated as a quasi coaxial system, see Figure 9. The¢refore
ductors of all pairs shall be connected together at both ends. All screens, also those of
ally screened pairs or quads, shall be connected together at both ends. The sgreens
b connected over the whole circumference.
Screen
—XXXXXXXXXXXXXXX
\NMEE
R Well screened
Connectar Pairs/quads 2 load resistor R,
I
CXXKKXKKK KKK KKK KR IEC

6.4

Figure 9 — Preparation of symmetrical samples

Screened multi-conductor cables

Screened multi-conductor cables are prepared as screened symmetrical cables.

7 Measurement

7.1

The te

General

st set-up shall be assembled in accordance with Figure 1.
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7.2 Measurement precautions
7.21 Reduced primary current

When making far-end measurements with conventional coaxial instruments, the receiver is
usually earthed. At low frequencies where resistive effects may dominate over inductive ones
or due to resonance in the high kHz range, a part of the injection current may pass directly
over the ground without returning along the screen of the CUT. This leads to a reduced
sensitivity and even to measurement errors if the current in the screen is not directly
monitored over the test section. The problem may be solved by:

a) avoiding far-end measurements at the lower frequencies (mainly in the kHz range);

b) usfng common mode ChoKe (absorbers, Terfites) on the coaxial 1eed of the injectign wire
(effective in the higher kHz and beyond);

c) usling an isolating transformer either for the generator or receiver mains supply (if not in
the same frame) or for the coaxial feed of the injection wire. (These€ measurgs are
effective from the lowest frequency ranges but care should be taken to ‘avoid longitudinal
resonances.).

7.2.2 Uncontrolled currents

Specig|l care is required concerning low frequency earth currents’ not returning through the
coaxial| feeding circuit. Such currents pass through parts of the 'set-up that are not under test
and especially through the frame of the receiver. Therefore the required sensitivity may|not be
obtaingd when measuring very low transfer impedance: The best method is the pse of
isolating transformers as discussed in 7.2.1. Anether possibility is to avoid {ar-end
measufements at the lower frequencies (mainly in the kHz range).

7.2.3 Inhomogeneities of cable screens around the circumference

The infection wire doesn’t cover the whale circumference of the cable screen. THus for
inhomaggeneous cable screens (e.g. scréens containing longitudinal tapes), the test fesults
may depend on the position of the injection wire. Therefore for a sufficient coverage|of the
circumference, at least four measurements 90° apart shall be taken. In the case of cable
diameters larger than 10 mm, more-measurements may be necessary.

7.3 Calibration

The (Betriebs-) attenuation of the injection circuit including the connecting |cables
(see Higure 10) shall-be measured in a logarithmic frequency sweep over the frequency
range,|which is specified for the transfer impedance in the relevant cable specification. The
calibraftion data-has to be saved, so that the results may be corrected.

o= 10192t = 20 gl = 20 -1g 2 gen-c2/ (6)
P2 ' ' Urec,cal
where
P, is the power fed to the injection circuit during the calibration procedure;
Py is the power at the receiver during the calibration procedure;
So4 is the scattering parameter S,,, forward transmission coefficient during the

calibration procedure;
Ugen, cal s the output voltage of generator during calibration procedure;
Urec, cal IS the input voltage at the receiver during calibration procedure.
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b ferrite
c brass/copper tube for additional screening
d screening box for the matching resistor of\the cable under test
e screening box for connecting the cabledunder test to the receiver
f screened-room wall with screened-coaxial feed-through (if needed)
g connector (SMA, N, etc.)
h feeding cable from the generator
i feeding cables for injection wire
k connecting cable-toreceiver
X cable under test
z injection line
L, coupling tength

Figure 10 — Calibration set-up

7.4 Measuring procedure

In the triaxial measuring method to determine the transfer impedance (IEC 62153-4-3) the
through capacitance is short-circuited by the short circuit at the near end of the outer circuit.
In the line injection circuit, both the transfer impedance Z; and the capacitive coupling
impedance Zg act on the cable at the same time, and result in the equivalent transfer
impedance Ztg. Thus a near and far end measurement shall be performed (see Figure 11).

The attenuation shall be measured over the whole frequency range in a logarithmic frequency
sweep at the same frequency points as for the calibration procedure.

Because the cable screen cannot be considered homogeneous around the circumference, at
least four measurements 90 ° apart shall be taken (see 7.2.3).
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Figure 11 — Far end measuring set-up

mn ”gen, meas T,

ameaS n = 10.|g f = _20'|g S21n = 20 |g f
f PZ; Y Urec, meas ,

f

(7)
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Ugen, meas p
f

is the power fed to the injection circuit during the measurement procedure at
near end (n) respectively far end (f);

is the power at the receiver during the measurement procedure at near end
(n) respectively far end (f);

scattering parameter S,,, forward transmission coefficient during the
measurement procedure at near end (n) respectively far end (f);

output voltage of generator during the measurement procedure at near end
(n) respectively far end (f);

input voltage at the receiver during the measurement procedure at near end

Urec, mees m
f

7.5 Fvaluation of the test results

Definitlon:

where

Z1E

—

9meas

=3

(n) respectively far end (f).

Z1e = max(Zten; Zrer) (8)

_ATn
(R1+Zg JRo +ZR)10 %

1
ZTE, =5
i Le 2Zc7ZR
_ATn
1 f
Z7E, =L—(R2 +Zg)-10 /20
f c
At = dmeas  ~ Ycal (10)

f f

isS.the equivalent transfer impedance of near end (n) or far end (f)
measurement;

is the attenuation measured at near end (n) or far end (f) during the
measuring procedure in dB;

is the attenuation measured at calibration procedure in dB;
is the coupling length in m;
is the load resistance of the line injection circuit in Q (50 Q);

is the load resistance of inner circuit (coaxial or quasi coaxial circuit of the
cable under test);

is the equivalent transfer impedance;
is the impedance of the generator;
is the impedance of the receiver;

is the system impedance when using a system having the same impedance
for the generator and receiver (e.g. vector network analyser).
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