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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 1-2: Radio disturbance and immunity measuring apparatus —

B A e e

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
al|l national electrotechnical committees (IEC National Committees). The object of ,IEC is to prg

this end and in addition to other activities, IEC publishes International Standards; Technical Specifica
echnical Reports, Publicly Available Specifications (PAS) and Guides (heteafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any l[EC National Committee inter
i the subject dealt with may participate in this preparatory work. Int€pnational, governmental and
gpvernmental organizations liaising with the IEC also participate in this(preparation. IEC collaborates cl
wlith the International Organization for Standardization (ISO) in aceerdance with conditions determing
apreement between the two organizations.
T
c

he formal decisions or agreements of IEC on technical matters,exXpress, as nearly as possible, an interna
bnsensus of opinion on the relevant subjects since each téchnical committee has representation fro|
ifterested IEC National Committees.

IEC Publications have the form of recommendations far international use and are accepted by IEC Na
Committees in that sense. While all reasonable efforts\are made to ensure that the technical content o
Plublications is accurate, IEC cannot be held responsible for the way in which they are used or fo
njisinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public3
Aansparently to the maximum extent possible in their national and regional publications. Any diverg
ptween any |IEC Publication and the corresponding national or regional publication shall be clearly indica
e latter.

—- - —
SO o3

o

C provides no marking procedure ‘to indicate its approval and cannot be rendered responsible fo
Huipment declared to be in conformity with an IEC Publication.

| users should ensure that they have the latest edition of this publication.

o liability shall attach to IEC or its directors, employees, servants or agents including individual expert
embers of its technicakieommittees and IEC National Committees for any personal injury, property dama
her damage of any, nature whatsoever, whether direct or indirect, or for costs (including legal fees
kpenses arising out) of the publication, use of, or reliance upon, this IEC Publication or any othei
ublications.

‘> UVoo3Z > O

ttention is_drawh to the Normative references cited in this publication. Use of the referenced publicatig
dispensable)for the correct application of this publication.

=

ttentionNis drawn to the possibility that some of the elements of this IEC Publication may be the subijg
htent'rights. IEC shall not be held responsible for identifying any or all such patent rights.

o >

ising
mote

infternational co-operation on all questions concerning standardization in the electricahand electronic fields. To

ions,
“IEC
psted
non-
psely
d by

ional
m all

ional
IEC
any

tions
ence
ed in

any
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ge or

and
IEC
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ct of

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard CISPR 16-1-2 has been prepared by subcommittee A: Radio-
interference measurements and statistical methods, of IEC technical committee CISPR:
International special committee on radio interference.

This second edition cancels and replaces the first edition published in 2003 and its
Amendment 1 (2004) and Amendment 2 (2006). This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) requirements from CISPR 22 for the AAN have been copied to this standard;

b) ﬂhe CDNE for measurement of disturbance voltage in the frequency range 30 MHE to
300 MHz is added;

c) additional maintenance is included.

It has the status of a basic EMC publication in accordance with IEC’ Guide [107,
Elegtromagnetic compatibility — Guide to the drafting of electromagnetic compatibility
pubiications.

The|text of this standard is based on the following documents:

FDIS Report on veting
CISPR/A/1051/FDIS CISPR/AK1059/RVD

Full{information on the voting for the approval of this_standard can be found in the repoit on
voting indicated in the above table.

A ligt of all parts of CISPR 16 series, under the general title Specification for radio
distiirbance and immunity measuring apparatus and methods, can be found on the [IEC
webgite.

Thig publication has been drafted imaccordance with the ISO/IEC Directives, Part 2.

The|committee has decided.that the contents of this publication will remain unchanged until
the |stability date indicated.on the IEC web site under "http://webstore.iec.ch” in the fata
related to the specific publication. At this date, the publication will be

* feconfirmed,

* \ithdrawn,

+ replaced by a revised edition, or
1mended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 1-2: Radio disturbance and immunity measuring apparatus —

Ancillary equipment — Conducted disturbances

Coupling devices for conducted disturbance measurements

Scope

part of the CISPR 16 series—is—desighated—a—basic—standard,—which specifies

acteristics and performance of equipment for the measurement of radio (disturbd

F  In accordance with IEC Guide 107, CISPR 16 is a basic EMC standard for use by product committe
FC. As stated in Guide 107, product committees are responsible for determining thexapplicability of the
ard. CISPR and its sub-committees are prepared to co-operate with product cofnfittees in the evaluati
blue of particular EMC tests for specific products.

cifications for ancillary apparatus are included for artificial{mains networks, current

intended that the requirements of this publication-shdll-be-complied-with are fulfilled 4§
bencies and for all levels of radio disturbance voltages and currents within the ClI
ating range of the measuring equipment.

nods of measurement are covered in the CISPR 16-2 series, and further informatio
b disturbance is given in CISPR 16-3, whilé uncertainties, statistics and limit modelling
red in the CISPR 16-4 series.

Normative references

following documents, in whaole or in part, are normatively referenced in this document
ndispensable for its application. For dated references, only the edition cited applies.

ndments) applies-

DR 14_-1-20008
=2 A

the
nce

es of
EMC
bn of

and

t all
SPR

n on
are

and
For
any

eleg]

cls
app

PR (16-1-1:20032010, Specification for radio disturbance and immunity meast
hratus and methods — Part 1-1: Radio disturbance and immunity measuring apparat

Me

()
(¢2]

ring
s —

Sririna annarafijc

orrgapparatas

CISPR 16-2-1:20032014, Specification for radio disturbance and immunity measuring
apparatus and methods — Part 2-1: Methods of measurement of disturbances and immunity —
ducted disturbance measurements

Con
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CISPR 16-4-2:20032011, Specification for radio disturbance and immunity measuring
apparatus and methods - Part 4-2: Uncertainties, statistics and limit modelling -
Measurement instrumentation uncertainty

IEC 60050 (all parts), International Electrotechnical Vocabulary (available at
<http://www.electropedia.org>)

|IEC 61000-4-6:2008 Electromagnetic compatibility ‘/Fl\/lf‘) = Part 4-6. Testing and

measurement techniques — Immunity to conducted disturbances, induced by radio-frequency
fields

3 [Terms, definitions and abbreviations

3.1 Terms and definitions

For [the purposes of this document, the terms and definitions\given in IEC 60050, as well as

the following apply.-Alse-seeEC-60060(161)-

3.1.1
ancillary equipment
tranpducers connected to a measuring receiveror (test) signal generator and used in| the
distdirbance signal transfer between the EUT ang-the measuring or test equipment

Note[1 to entry: Examples of transducers are current'and voltage probes and artificial networks.

3.1.9
associated equipment
AE
apparatus that is not part of-thie system under test but is required for the functioning of the
EUT

3.1.9
asymmetric voltage
radip-frequency distarbance voltage appearing between the electrical mid-point of the miins
terminals and,ground, sometimes called the common mode voltage-anrd-is-halthe-vectorsum

Note[1 j6,entry: If Va is the vector voltage between one of the mains terminals and ground, and Vb is the ector
voltagébetween the other mains terminal and ground, the asymmetric voltage is half the vector sum of Va anfl Vb,
i.e. (Va—vbyrz:

314

symmetric voltage

radio-frequency disturbance voltage appearing between the two wires in a two-wire circuit,
such as a single-phase mains supply, sometimes called the differential mode voltage—Va-is

Note 1 to entry: The symmetric voltage is the vector difference (V, - 7).
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3.1.5
unsymmetric voltage
amplitude of the vector voltage, V', or ¥}, defined in 3.1.3 and 3.1.4

Note 1 to entry: The unsymmetric voltage is the voltage measured by the use of an artificial mains V-network.

Note 2 to entry: See notes in 3.1.3 and 3.1.4 for details on V', and V.

3.1.6
artificial mains network
AMN

netwe Rret—provee defired—impedance—to—the aeHo—fregquencies—eodple

distdirbance voltage to the measuring receiver, and decouples the test circuit from the-su
mains

the
pply

Note[1 to entry: There are two basic types of this network, the V-network (V-AMN) which coup)e'the unsymmetric
voltages, and the delta-network (A-AMN), which couple the symmetric and the unsymmetric voltages separatell.

Note|2 to entry: The terms line impedance stabilization network (LISN) and V-AMN are usedvinterchangeably]|.

asymmetric artificial network
network used to measure (or inject) asymmetric (common.mode) voltages on unshie]ded
symmetric signal (e.g. telecommunication) lines while rejecting the symmetric (differential
mode) signal

Note|1 to entry: The term “Y-network” is a synonym for AAN.

£

Y%

aux|liary equipment
AuxEq
peripheral equipment that is~part of the system under test

3.1.4
coupling/decoupling network
CDN
artificial netwark-for the measurement or injection of signals on one circuit while preventing
signjals from/being measured or injected on another circuit

3.1.10
CDNEY
coupling/decoupling network for emission measurement in the frequency range 30 MHz to
300 MHz; where the “X” suffix can be “M2” for unscreened two-wire mains, DC or control
ports, “M3” for unscreened three-wire mains, DC or control ports, and “Sx” for screened cable
with x internal wires

Note 1 to entry: See Annex J for further details on the CDNE-X.
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3.1.11

equipment under test
EUT

equipment (devices, appliances and systems) subjected to EMC (emission) compliance tests

3.1.12
impedance measurement adaptor

IMA

metallic vertical plane, 0,1 m by 0,1 m, bonded to the reference ground plane, which contains
connection ports for a network analyzer and a CDNE

3.1.1
long
LCL
in a

3
itudinal conversion loss

one- or two-port network, a measure of the degree of unwanted transverse”(symm

mode) signal produced at the terminals of the network due to the presencecof a longitug

(asy
Note

[SO

3.1.1

mmetric mode) signal on the connecting leads

1 to entry: LCL is a ratio expressed in dB.

JRCE: ITU-T Recommendation 0.9 [8] 1)]

4

refe
RG

ence ground plane

flat ponductive surface that is used as a common reference and that allows a defined parg

cap

Note
refer

3.2

The

AN

CVH

ISN

ITE

LCL

citance to the surroundings of an EUT

1 to entry: A reference ground plane is needed fer conducted emission measurements, and servd
bnce ground for the measurement of unsymmetricalland asymmetrical disturbance voltages.

Abbreviations

following are abbreviations used Th this standard that are not already provided in 3.1.

Artificial network
Capacitive voltage probe
f. Electromgtiy€ force
Impedarice stabilization network

lnfermation technology equipment

etric
inal

Sitic

Longitudinal conversion loss

NWA Network analyser

PE

RF

Protective earth

Radio frequency

17 N

umbers in square brackets refer to the Bibliography.
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4 Artificial mains networks

4.1 General

An artificial mains network is required to provide a defined impedance at radio frequencies at
the terminals of the EUT, to isolate the test circuit from unwanted radio-frequency signals on
the supply mains, and to couple the disturbance voltage to the measuring receiver.

There are two basic types of AMN, the V-network AMN (V-AMN), which couples the
unsymmetric voltages and the delta network AMN (A-AMN), which couples the symmetric and

th ~P-RWT= frio voltoanso caoanaorat
e AO]IIIIIIULIIU vuuusuo ouyulukul]

For pach mains conductor, there are three terminals: the mains terminal for connection  td the
supply mains, the equipment terminal for connection to the EUT, and the disturbance odtput
terminal for connection to the measuring equipment.

NOTE 1 Examples of circuits of AMNs are given in Annex A.

NOTIE 2 This clause specifies impedance and isolation requirements for the AMN{including the correspopding
meagqurement methods. Some background and rationale on the AMN related uncertainties are given in 6.4.3 of
CISPIR/TR 16-4-1:2009 and in CISPR 16-4-2.

At —llebpercmnoadarnes
4.2 | AMN impedance

The|specification of the impedance of an AMN includes the magnitude and the phase of the
impedance measured at an EUT terminal with“sespect to the reference ground, when

thegerresponding-disturbance-output-terminal recelver port is terminated with 50 Q.

The| impedance at the EUT terminals ©f“the AMN defines the termination impedance
pregented to the EUT. For this reason, when a disturbance output terminal is not connectgd to
the measuring receiver, it shall be terminated by 50 Q. To assure accurate termination|into
50 ¢ of the receiver port, a 10 dB. attenuator shall be used either inside or external to| the
network, the VSWR of which (seét’from either side) shall be less than or equal to 1,2 fo 1.
Thelattenuation shall be included~in the measurement of the voltage division factor (see 4]11).

The| impedance—ef between each conductor (except PE) of the—mains—econductors—off-the
netweork EUT terminaltahd the reference ground shall comply with the provisions of 4.3,|4.4,
4.5,|4.6 or 4.7, as appropriate, for any value of external impedance, including a short circyit-er
the{RFfilterdesecribed—in—4-7; connected between the corresponding mains terminal |and
refefence ground: This requirement shall be met at all temperatures which the network may
reagh under~normal conditions for continuous currents up to the specified maximum. [The
reqyirement.shall also be met for peak currents up to the specified maximum.

Whearelthe phase requirement cannot be met, the measured phase angles shall be taken|into
account in the uncertainty budget according to CISPR 16-4-2. Annex | gives guidelines for the
calculation of the uncertainty contribution of the phase if the tolerance is exceeded.

NOTE Because EUT connectors are not optimized for radio frequencies up to 30 MHz, the measurement of the
network impedance is carried out with special measurement adaptors to enable short-length connections. The OSM
(open/short/matched) calibration of the network analyzer is used to characterize the adaptors, taking the insertion
loss and the conductor lengths of the adaptors into account.
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4.24.3 50 Q/50 pH + 5 Q artificial mains V-network (V-AMN) for use in the frequency
range 9 kHz to 150 kHz
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The AMN shall have the impedance (magnitude and phase) versus frequency characteristic
shown in Table 1 and Figure 1 in the relevant frequency range. Tolerances of £ 20 % for the
magnitude and + 11,5° for the phase are permitted.

Table 1 — Magnitudes and phase angles of the V-network (see Figure 1)

Frequency Impedance magnitude Phase angle
MHz Q Degrees
0,009 5,22 26,55
0,015 6,22 38,41
0,020 7,25 44,97
0,025 8,38 49,39
0,030 9,56 52,33
0,040 11,99 55743
0,050 14,41 56,40
0,060 16,77 56,23
0,070 19,04 55,40
0,080 21,19 54,19
0,090 23,22 52,77
0,100 25,11 51,22
0,150 32,72 43,35

NOTE

If this AMN meets the combined imped

requirements of 4.3 and 4.4, it can be used in ¢iie'frequency range 150 kHz to 30 MHz as well.

ance
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4-34.4 50 Q/50 pH artificial mains V-network (V-AMN) for use in the frequency range
0,15 MHz to 30 MHz

The AMN shall have the impedance (magnitude and phase) versus the frequency
characteristic shown in Table 2 and Figure 2 in the relevant frequency range. Tolerances of
+ 20 % for the magnitude and + 11,5° for the phase are permitted.

Table 2 — Magnitudes and phase angles of the V-network (see Figure 2)

Frequency Impedance magnitude Phase angle
MHz Q Degrees
0,15 34,29 46,70
0,17 36,50 43,11
0,20 39,12 38,51
0,25 42,18 32,48
0,30 4417 27,95
0,35 45,52 24,45
0,40 46,46 24,70
0,50 47,65 17,66
0,60 48,33 14,86
0,70 48,76 12,81
0,80 49,04 11,25
0,90 49,24 10,03
1,00 49,38 9,04
1,20 49,57 7,56
1,50 49,72 6,06
2,00 49,84 4,55
2,50 49,90 3,64
3,00 49,93 3,04
4,00 49,96 2,28
5,00 49,98 1,82
700 49,99 1,30
10,00 49,99 0,91
15,00 50,00 0,61
20,00 50,00 0,46
30,00 50,00 0,30



https://iecnorm.com/api/?name=1fd38c5ae6a11afe392c37716ba6254f

-16 - CISPR 16-1-2:2014 RLV © IEC 2014

4-44.5 50 Q/5 pH + 1 Q artificial mains V-network (V-AMN) for use in the frequency range
150 kHz to 400-108 MHz

The AMN shall have the impedance (magnitude and phase) versus the frequency
characteristic shown in Table 3 and Figure 3. Tolerances of + 20 % for the magnitude and
+ 11,5° for the phase are permitted.

Table 3 — Magnitudes and phase angles of the V-network (see Figure 3)

Frequency Impedance magnitude Phase angle
MHz Q Degrees
0,15 4,70 72,74
0,20 6,19 73,93
0,30 9,14 73,47
0,40 12,00 71,61
0,50 14,75 69,24
0,70 19,82 64507
1,00 26,24 56,54
1,50 33,94 46,05
2,00 38,83 38,15
2,50 41,94 32,27
3,00 43,98 27,81
4,00 46,33 21,63
5,00 47,56 17,62
7,00 48,71 12,80
10,00 49,35 9,04
15,00 49,71 6,06
20,00 49,84 4,55
30,00 49,93 3,04
50,00 49,97 1,82
100,00 49,99 0,91
108,00 49,99 0,84
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igure 1 — Impedance (magnitude and phase) of the V-netwgrk for Band A (see 4.3

the relevant frequency range is from 9 kHz €@ 150 kHz)
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Figure 3 — Impedance (magnitude and phase) of the V-network\for Bands B and G
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(from 150 kHz to 108 MHz; see 4.5)

.6 150 Q artificial mains V-network (V-AMN) for use in the frequency range 150 k
to 30 MHz

network shall have an impedance of magnitudey(*150 + 20) Q with a phase angle
eding 20°.

.7 150 Q artificial mains delta-network(A-AMN) for use in the frequency range
150 kHz to 30 MHz

General parameters

network shall have an impedance of magnitude (150 + 20) Q with a phase angle
eding 20°, both between:lthe equipment terminals and between the two equipn
inals joined together and.the reference ground.

the measurement.of the symmetric voltage, a screened and balanced transformg
ired. To avoid @ppreciable modification of the impedance of the network, the i
dance of the transformer shall be not less than 1 000 Q at all frequencies concerned.
ge measured by the measuring receiver depends on the network component values
ransformérratio. The network shall be calibrated.

14.7(2 )" Balance of the 150 Q artificial mains delta-network

Hz

not

not
nent

ris
nput
The
and

The

1 ! 2y % . 41 4 1 gl H H
Ualditec Ul 1T SYySITITT CUTTTPTISTITY T TITUWUTR attu Uic 1measurtintyg TeLCIvel CUTITIT

ted

thereto via the transformer shall be such that the measurement of symmetric voltage shall be
substantially unaffected by the presence of an asymmetric voltage. The balance shall be

mea

sured using the circuit shown in Figure 4.
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| Fid

| A v
refe

these resistors is connected to the equipment terminals of the AMN.

Av
ratig

4.74.8 lIsolation

R are resistors of 200 Q equal to each other within 1 %

P1 and P2 are terminals of network for connection of device

of symmetrical voltages

ltage-Ug V3 is injected from a generator having an internal impedancelof 50 Q, betw
rence ground and the common point of two resistors each 200 Q £.1 %. The other en

bltage—Llg V5 is measured in the position for symmetricvoltage measurement.
Ugtdg ValVs shall be greater than 20:1 (26 dB).

ure-3 4 — Method for checking the balance of the arrangement for the measurement

een
d of

The

Table 4 — Values of minimum isolation for V-networks

4.8.1 Requirement
e
this
the
To Insure that at any test _freguency, unwanted signals existing on the mains side and the
unkmown impedance of the\slipply mains do not affect the measurement, a minimum isolgtion
(dedoupling factor) between each mains terminal and the receiver port for a given termination
of the relevant terminalNof the EUT port shall be met. See Table 4. The requirement appligs to
the V-AMN itself extlirding additional external cables and filters.
Add|tional filtgring external to the AMN may be required for the suppression of disturbancg on
the mains perf (see CISPR 16-2-1 for practical requirements).

Subclause Type of V-network Frequency range Minimum isolation

MHz dB

4.3 50 Q /50pH + 5 Q 0,009 to 0,05 0 to 40°
0,05 to 30 40
4.4 50 Q /50 pH 0,15 to 30 40

4.5 50Q/5uH+1Q 0,15to 3 0 to 40°
3to 108 40

? These values indicate that the minimum isolation rises linearly with the logarithm of frequency
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4.8.2 Measurement procedure

The test setup is shown in Figure H.1. For the measurement, first a signal 7, is measured
across a load impedance of 50 Q with a source impedance of 50 Q2. Then this signal source
shall be connected between the relevant mains terminal and reference ground, the relevant
EUT terminals shall be terminated with 50 Q, and the output voltage V', shall be measured at
the receiver port (terminated with an impedance of 50 Q). The attenuation of the 10 dB
attenuator described in 4.2 shall be added to the isolation requirement. The isolation
requirement shall be met for all mains and EUT terminals. If the termination of the other mains
terminals affects the measurement result, then the requirement shall be met with the other
mains terminals open and shorted.

Thelfollowing equation shall be met:

Vi=Vy>Fp+4 (1)
whefe

V4 is the reference voltage at the mains terminals in dB(p\9);

Vs is the output voltage at the receiver port in dB(@\);

Fp is the minimum isolation (decoupling factof)requirement in dB;

A is the attenuation of the built-in atteguator in dB.

NOTE Because EUT connectors are not optimized for fadio frequencies up to 30 MHz, the measurement qf the
network isolation are carried out with special measurgment adaptors to enable short-length connections| The
meagurement of V4 is made with the adaptor connectgd\to the source.

4.84.9 Current carrying capacity and-series voltage drop

The| maximum continuous currentsyand the maximum peak current shall be specified. |The
voltage applied to the EUT when passing continuous currents up to the maximum shall bg not
less|than 95 % of the mains voltage at the mains terminals of the AMN.

4.94.10 Modified reference ground connection

The|measurement of~some types of equipment may require the insertion of an impedange in
the reference ground conductor in the AMNs in 4.3 and 4.4, following the requirements of the
related productypublications. This is inserted at point X marked in the reference ground legd in
Figures 5 and\6, respectively. The impedance to be inserted is either a 1,6 mH inductor, gr an
impedance-conforming to the impedance requirement of 4.3 or 4.4, as appropriate for| the
frequency’range.

NOTE Feorsafetyreasons—the 5-Q resistormentioned-in4-2-should-be-omitted- When considering the frequency

range 9 kHz to 150 kHz, for safety reasons the 5 Q resistor of the artificial mains V-network is not inserted.
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Equipment
under test

Measuring
receiver

1

Rs

P/L

T/E

igure-5 6 — Example of artificial mains V-networks, 50 Q/50 pH, 50 Q /5 yH +1 Q g

(see 4.3 and A.2)

Equipment
under test

Figure-4 5 — Example of artificial mains 50 /50 uH-%'5 Q V-network

R

IEC 0459/14

Measuring
receiver

[

150 Q (see 4.4, 4.5, 4.6, A.3, A.4 and A.5, respectively)

rany
L

R4

IEC 0460/14

‘ 4.104.11 Measurement of the voltage division factor of artificial mains V-networks

The voltage division factor between the EUT port of the V-network and the RF output port
shall be measured and taken into consideration during the measurement of the disturbance

voltage. A procedure to measure the voltage division factor is contained in A.8.
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5 Current and voltage probes

5.1
5.1.1

Current probes

General

The asymmetrical disturbance currents of cables can be measured, without making direct
conductive contact with the source conductor and without modification of its circuit, by use of
specially developed clamp-on current transformers. The utility of this method is self-evident;
complex wiring systems, electronic circuits, etc., may be measured without interruption of the
normal operation or configuration. The current probe is constructed so that it may be

con
one-

Current probes can be constructed for measurements in the frequency range 30 Hz/to™1 000 N
althpugh the primary measurement range is 30 Hz to 100 MHz. Beyond 100 MHz the stan
currents in conventional power systems require that the current probe location be optim

for d

Curi

frequencies below this flat passband, accurate measurementshcan still be made but

dect
pass

With

asymmetrical (common mode) or symmetrical (diffefential mode) current. Some construg
detdils are provided in B.5.

5-14145.1.2 Construction

The| current probe shall be constructed\so as to enable the measurement of the cui
withput disconnecting the lead under miegasurement.

Anngx B contains some typical constructions of current probes.

5-4.£5.1.3 Characteristics

Insgrtion impedance 1 Q impedance maximum

Transfer impedance 0,1 Q to 5 Q in the flat linear range; 0,001 Q to 0

turn primary winding. The secondary winding is contained within the current probe.

etection of the maximum current.

eased sensitivity due to reduced transfer impedances. (A{*frequencies above the
band, measurements are not accurate due to resonances,in the current probe.

an additional shielding structure, a current probe may be used to measure either

below the flat linear range (current probe termin
into 50 Q load)

NOTE The reciprocal transfer admittance [in dB(S)]-may c4

ent probes are designed to provide a flat frequency response over a passband|.

eniently clamped around the conductor to be measured. The conductor represents a

Hz,
ding
ized

At
with
flat

the
tion

rent

n be
e is

used instead. When expressed in decibels, the admittan

added to the reading of the measuring receiver. For the calibration

of the transfer impedance or admittance,-it-may-be-necessary-to

duse a jig designed for the purpose is used. See Annex B.

Added shunt capacitance Less than 25 pF between the current probe hou

and measured conductor.

Frequency response Transfer impedance is measured over a spec

frequency range to calibrate the probe; the rang

sing

ified
e of

individual probes is typically 100 kHz to 100 MHz,

100 MHz to 300 MHz, and 200 MHz to 1 000 MHz.

Pulse response Under consideration.
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Transfer impedance tolerance

Influence of external magnetic fields
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The maximum d.c. or a.c. mains current in the primary
lead for a measurement error less than 1 dB shall be
specified.

Under consideration.

40 dB reduction in indication when a current carrying
conductor is removed from the current probe opening
to a position adjacent to the probe.

Influence of electric fields

Influence of orientation

Curnent probe opening

5.2 | Voltage probe

5.2.1 High impedance voltage probe

Not susceptible to fields < 10 V/m.

Less than 1 dB up to 30 MHz and 2,5 dB from 30 MHz
to 1 000 MHz, when used on a conductor’of any [size
placed anywhere inside the aperture.

At least 15 mm.

Figure 7 shows a circuit that is used to make voltageimeasurements between a mjains
condluctor and the reference ground. The probe consists of a blocking capacitor C and a
resistor, such that the total resistance between linetand ground is 1 500 Q. The probe may
alsolbe used to make measurements on other lines){and for certain applications its impedance
may| need to be increased to avoid excessive loading of high impedance circuits. An indyctor
may| have to be connected across the input of-the measuring apparatus, for safety reasong; its

inductive-reactive;Xg-to reactance, X, shoold be much greater than R.
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Supply mains

Xc<1500Q =—= C

(1500 - R) Q

Measuring apparatus

IEC 0461/14

1500

NOT

where
V is the disturbing voltage;

Y-V, is the voltage at the input of the meaguring apparatus.
Figure-6 7 — Circuit for RF/'voltage measurement on supply mains

Thetinsertion—toss For calibratjorr of voltage probes, the voltage division factor shall be
meagsured in a 50 Q system.over the frequency range of 9 kHz to 30 MHz. The effect or| the
accuracy of measurement of any device that may be used for protection should either be [less
than 1 dB, or be allowed’ for in calibration. Care shall be taken to ensure that the levg¢l of
disturbance is accurately measured in the presence of the ambient noise, to make| the
measurement meanpingful.

The| loop formed by the lead connected to the probe, the mains conductor tested |and
refefence ground should be minimized, to reduce the effects of any strong magnetic fields

5.2.4 Capacitive voltage probe

5.2.21 General

The asymmetrical disturbance voltages of cables can be measured without making direct
conductive contact with the source conductor, and without modification of its circuit by the use
of a clamp-on capacitive coupling device. The usefulness of this method is self-evident;
complex wiring systems, electronic circuits, etc., may be measured without interruption of the
normal operation or configuration of the EUT or the need to cut the cable to insert a
measuring device. The capacitive voltage probe (CVP) is constructed so that it may be
conveniently clamped around the conductor to be measured.

The CVP is used for measurements of conducted disturbances in the frequency range
150 kHz to 30 MHz with an almost flat frequency response in the frequency range of interest.
The voltage division factor, which is defined as the ratio of the disturbance voltage on the
cable to the input voltage at the measuring receiver, depends on the type of cable. This
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parameter should be calibrated over a specified frequency range for each cable type, using
the method described in Annex G.

The CVP may need additional shielding to provide sufficient isolation from the asymmetrical
(common mode) signal around the cable (see 5.2.2.3). Annex G contains an example of the
construction and a method of measurement for the isolation.

This CVP can be used to measure the disturbances at telecommunication ports. The minimum

measurable level is typically up to 44 dB(uV).

5.2.7.2 Construction A
The| CVP shall be constructed so as to enable the measurement of the voIta?}Wihout
discpnnecting the cable under measurement. Figure 8 shows a circuit that is uqﬁ to njake
voltage measurements between a cable and reference ground. The prob Gonsists pf a
capacitive coupling clamp which is connected to a trans-impedance amﬁ@r. The ipput

resi
flat 1

Ann

stance Ry of this amplifier shall be large enough compared to the react,é]y:e X to obta
requency response. )
©

ex G provides instructions for the typical construction and veriﬁ?g?on of the CVP.

&
S

Capacitive coupling clamp

Cable

Measuring receiver

&

Ry >> X¢

1 oL
ja)(Cp +Cs L\\:@

G

X

in a

Cs
Fryp =
cvp %glﬁ%
ﬁ&‘jfcp +Cs + CJ 1
Q/ C Gp
7777 IEC  0462/14
Key
C Capacitance between cable and clamp
Cp Capacitance of trans-impedance amplifier
Cq Capacitance between probe and ground
Fovp Voltage division factor
Gp Gain of trans-impedance amplifier
Rp Resistance of trans-impedance amplifier
v Disturbance voltage
Vm Voltage at the input of the measuring receiver

Figure 8 — Circuit used to make voltage measurements between a cable
and reference ground
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Add

Frequency response

Pulse response

5.2.2.3 Requirements

ed shunt capacitance and the cable under test.

Voltage division factor, Foyp= 20 1|7/ V,, | in dB (see
Figure 8), is measured over a specified frequency ran

Less than 10 pF between the grounding terminal of CVP

ge.

Maintain linearity for the pulse determined by the method
in Annexes B and C of CISPR 16-1-1:2010 for Band B.

Ipflyence of electrif fielld .. .. The voltage indication is reduced by more than 20 dB
(Influ?nuc vaUoLU Uy CISLIUSIAUY " "when a cable 1s removed from the CVP: The
coupling with other cables near measurement method is described in Annex G.
the|probe)
CVIP aperture or opening
[ap&rture when the two coaxial At least 30 mm.
ele¢trodes open at the slot (see
Figlre G.1)]
6 [Coupling units for conducted current immunity measurement

‘ 6.1 General
The|coupling units are designed to inject the disturbanceicurrent on to the leads under|test
and|to isolate the other leads and any apparatus which-is connected to the EUT from| the
effects of these currents. With a 150 Q source impeédance, there is a useful correlgtion
between the RF disturbance field strength acting onda real installation and the e.m.f. that-frust
be ip applied in the current injection method to<produce the same degree of impairment, at
leasft for frequencies up to 30 MHz. The immunity of an apparatus is expressed by this e{m.f.
value. Annexes C and D give the principles~of operation and examples of types of units|and
their construction.
6-16.2 Characteristics
6.2.1 General
The|performance checks ofi\the coupling units are done for impedance in the frequency rgnge
0,19 MHz to 30 MHz and. for insertion loss in the frequency range 30 MHz to 150 MHz.

‘ 6-1-46.2.2 Impedance
In the frequency:range 0,15 MHz to 30 MHz, the total asymmetric impedance (RF choke| coil
in parallel with the 150 Q resistive disturbance source impedance) measured between| the
point of injection of the disturbance signal to the EUT and the ground of the unit shall haye a
magnitude of 150 Q + 20 Q and a phase angle less than + 20° (this impedance is the samg as
the CISPR 150 Q artificial mains VV-network; see 4 ‘3)

For example, for coupling units type A and S, the point of injection is the shield of the output
connector; for types M and L, the point of injection is the joint output terminals.

‘ 6-1.26.2.3 Insertion loss

In the frequency range 30 MHz to 150 MHz, the insertion loss of two identical coupling units in

units shall be connected together with very short wires (< 1 cm).

‘ tandem shall be within the range 9,6 dB to 12,6 dB, measured as shown in Figure 9. The two
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The insertion loss Ug/Ug of two identical coupling units measured according to the setup of
Figure 9 should be within 9,6 dB and 12,6 dB in the frequency range 30 MHz to 150 MHz; Ug
is the reading of the receiver when the generator and receiver are directly connected

together.
Equivalent circuit of the coupling units
reTT T == ====" 1 r-——=—7>"~>"="="7=777= 1
50 Q A J'_ 100 Q - * 100 Q J'_ B 50 Q
I I P re—>° :!—o—jr1:—|
—
1 T T 1
e 1 1 I 1
1 30 uH I 1L 30 puH 1 Us
] ] 1 [
1 1 I I

Z

BlotE i i i =

7

71

The
(or

devi
sign
imm
kind

Y-negtworks).

NOT

(AANSs are special versions of “coupling and decoupling devices” [so-called coupling/decoupling networks (CD
An AIAN that meets the requiréments for emission measurements may also meet the requirements for imnj
testing.

NOT

thesd lines.

NOT
“diffe]

NOT
to V-

T T R

IEC O

Figure-7 9 — Measuring set-up to check the insertion loss of the coupling units
in the frequency range 30 MHz to 150/ MKz

Coupling devices for measuring signal lines

General

interference potential (and immunity) of sighal lines may be assessed by measurer

63/14

nhent

njection) of the conducted disturbance voltage or current. For this purpose, coupling

ces are needed to measure the disturba@nce component while rejecting the intenti
FI on the line. The devices included, are to measure the electromagnetic emission
unity (common and differential mode, current and voltage). Typical devices for th
s of measurements are current\'probes and asymmetric artificial networks (AAN

F 1 Requirements for AANs_forconducted immunity tests on signal lines-may can be found in IEC 6100

F 2 Signal lines include telecommunication lines and terminals of equipment intended to be connect

F 3 The terins “asymmetric voltage” and “common mode voltage” as well as “symmetric voltage”
rential mode' voltage” are synonyms, as defined in Clause 3.

F 4/ ,The term “asymmetric artificial network (AAN)” is used as synonym for “Y-network”, which is in co

onal
and
ese
5 or

D-4-6
Ns)]).
unity

bd to

and

trast

hetworks and delta-networks. The T-network is a special version of the Y-network.

When a current probe is used and the limit value is specified in volts, the voltage value-must
be is divided by the impedance of the signal line or termination impedance, as specified by
the detailed measurement procedure, to obtain the limit value for the current. This impedance
may be common mode, as required by the detailed measurement procedure.

The specification for AANs is provided in 7.2. The differential mode to common mode
rejection (V4 /Vem) is crucial to the usability of the AAN. This parameter is related to the
longitudinal conversion loss (LCL). Examples of AANs and the required test and calibration
procedures are given in Annex E.
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747.2 Requirements for AANs (or Y-networks)

AANs are used to measure (or inject) asymmetric (common mode) voltages on unshielded
symmetric signal (e.g. telecommunication) lines while rejecting the symmetric (differential
mode) signal.

An AAN shall include the following properties when calibrated in accordance with the methods
of Annex E. In addition, the attenuation distortion or other deterioration shall not affect the
normal operation of the EUT.

a) PAAN for measurements at ports intended for connection to category 6 (or be|tter)
inscreened balanced pair cables:

The variation of the longitudinal conversion loss (a4 ¢ ) with frequency f (in MEz) shall be
defined by the following equation:

2
oL =75-1 0Ig{1 + [g] ]

2 MHz < /< 30 MHz: q ¢ < *§dB

b) AAN for measurements at ports intended for gonnection to category 5 (or befter)
dnscreened balanced pair cables.

The variation of the longitudinal conversion loss* (a| ¢ ) with frequency f (in MHz) shall be

defined by the following equation:

2
acL = 65— 10|gl:1+[%j }

f<2MHz: g ¢ 2£3dB

2 MHz < £,<'30 MHz: a ¢ < *3°dB

c) AAN for measurements at ports intended for connection to category 3 (or befter)
dnscreened balanced cables.

The variation®of the longitudinal conversion loss (a4 ¢ ) with frequency f (in MHz) shall be

defined\by/the following equation:

2
g =55_10|J1+(i\ W in dB
(5)

NOTE The above specifications of a  versus frequency are approximations of a  of typical unscreened
balanced cables in representative environments. The specification in list item c) of 7.2 for category 3 cables is
considered representative of the a , of typical telecommunication access networks.

Figure 10 shows the general circuit diagram and graphical representation of a ¢
requirements for an AAN.
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Asymmetrical _A"" ated

EUT artificial ssociate

network equipment

o (AAN) I
Zoat |:| Mesuring
receiver
—T—

IEC 0464/14

a) Principal circuit of the AAN (or Y-network) and its ports consisting
of a basic highly symmetric network and an (optional)

unbalanced network Z

90
IV
\
80
70 a cL|75
——— o cL[75-3dB
—.— aL|75+ Tol
60 — | CL[65
-em g cLIB5 -3 dB
=== cLl65 + Tol
50 o cL[55
‘acL[p5 +3dB
a cLp5 -3 dB
40 —TT 7 — T — 11T
{
30 '
0,1 1 10 100
Frequency /' (MHz) IEC 0465/14
NOTE
+ Tol{in-dB)

NOTE 2 FThe ideal valuesfor 50

<

s-the-LCL_atlow frequencies—e-g—50-dB-
e s e
R e e e e e e
e e

Bu,

“80-dB” and ‘70 dB’ are-given—as-boldline
gh/en—as—nboa—Hh

s whereastolerance line
S—whereas—toterahn HH

NOTE 1 This graph is derived from the equations in 7.2, list items a), b), and c). The ideal values for 55 dB,
65 dB, and 75 dB are shown as bold lines, while tolerance values are shown above and below the ideal values.

NOTE 2 “Tol” is the tolerance specified in 7.2, list items a), b), and c).

b) Graph of requirements for 4, ;, of the AAN (Y-network)

Figure-8 10 — Principal circuit and-example LCL requirements of an AAN

The characteristics of the AAN for the measurement of asymmetric (common mode)
disturbances shall cover the frequency range of the asymmetric disturbance voltages, as well
as the frequency range used for the transmission of the
characteristics are given in Table 5.

intentional signal. These
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Table-4 5 — Characteristics of the AAN for
the measurement of asymmetric disturbance voltage

Termination impedance of basic network for asymmetric disturbance

voltage?@
. magnitude 150 Q@ £ 20 Q
. phase 0° + 20°
2) Longitudinal conversion loss (LCL) at the EUT port of the networkP (9 kHz to 150 kHz: to be
defined);
0,15 MHz to 30 MHz:-defined
B e
Fgure8b depending on, cable
category as defined in~Z)2F
3) Decoupling attenuation for asymmetric signals between AE port and (9 kHz to 150 kHz: to be“defingd)
EUT port 0,15 MHz to 1,5 MHz:
> 35 dB to 55 dB.increasing liearly
with the log of frequency
> 1,5 MHz: > 65 dB
JdInsertion loss of the symmetric circuit between EUT and AE ports < 3 dBd
] Voltage division factor of the asymmetric circuit between EUT and Typically 9,5 dBe + 1 dB
] measuring receiver ports, to be added to the reading of the measuring
receiver
4 Symmetric load impedance of the network Depending on the system
) specifications, e.g. 100 Q or
600 Q; to be defined by thle
relevant product standards$®
] Transmission bandwidth for the intentional signal (analog or digital) Depending on the system
) specifications for the
symmetric insertion loss, ¢.g.
up to 2 MHz or up to 100 MHz;
to be defined by the relevant
product standards
8) |Frequency range®f (1) Emission (0,009 MHz) 0,15 MHz to 30 MHz

(2) Immunity

See e.g.-tEC-61000-4-6 CISPH
[5]

22
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The asymmetric impedance of the AAN will normally be influenced by the addition of an unbalanced network
ant accordlng to Figure 10 a). ThIS standard specn‘les the |mpedance tolerance for the baS|c network If-the

metudmg%he;unbataneedﬁetwerk—%s%etfth&eas&The unbalanced network for the AANs deflned in
list items a), b), and c) of 7.2 nominally changes the impedance by less than 10 Q, and the phase by less
than 10°, so the given tolerance applies including the unbalanced network. If a product standard specifies

lower LCL values, e.g. if the unbalanced network changes the impedance nominally by more than 10 Q,

or

the phase by more than 10°, the product standard shall take this into account when specifying tolerances

for impedance and phase, because a certain tolerance should be left to the AAN manufacturer.

Different concepts for determination of conformance of equipment are in use, i.e. use an LCL of the AAN
higher than the available LCL values of signal lines, or use the LCL to simulate available telecommunication

line categories. CISPR has decided to use the LCL to simulate the asymmetry of cable categories

for

emission tests, whereas IEC Sub-Committee 77B recommends the use of an LCL of the AAN highex t
the cable category for immunity tests.

han

Aot

Cl

d e
s Thereféore the |
S—hed t ot

to—CISPR 22-1997 QOther v
o—otoFi—~=£L 199 ~—Ithed

P e e e e e e s s

LCL tolerances: the residual LCL of the basic AAN, the dewatlon of the—unsymmetry unbalanced netw
Z.ot from nominal, and the uncertainty of LCL measurement. The tolerances given in) a product stand
deviating from the values of 7.2 should take into account that acceptable tolerances’should increase

the required LCL and with frequency.-Figure-8b-shows-an-example-of reasonabletolerances

The actual requirements will depend on the specifications of the transmission system. Some transmiss
systems allow insertion losses of up to 6 dB. The insertion loss caused byyan AAN is dependent on soy
and load impedances of the whole symmetric circuit. For lower/higher impedances the insertion loss wil
lower/higher, and should be given by the manufacturer, e.g. for 100\Q”impedance. In addition, it will
useful if manufacturers specify the phase characteristics of the AAN‘in/its symmetric circuit.

The AAN shall be calibrated by measuring the voltage division factor in a test set-up according to Fig
E.6.

More than one network may be used to cover the compfete:frequency range.

for
ork
ard
vith
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rce
be
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NOT
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3 Requirements for artificial networks for coaxial and other screened cables

cial networks (ANs) for coaxial andother screened cables are used to measure (or in
mmetric (common mode) voltages on the shield of (e.g. telecommunication or RF) ca
passing the communicationer’'RF signal through. The required characteristics are g
bble 6.

E In CISPR 22 [5] this type of network is called coaxial or screened cable impedance stabilization ne

ect)
bles
iven

work
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Table-2 6 — Characteristics of artificial networks for coaxial and other screened cables

1)

Termination impedance of basic network for unsymmetric
disturbance voltage:2

. magnitude 150 Q +20 Q
. phase 0° + 20°

2) Decoupling attenuationb for unsymmetric signals between AE (9 kHz to 150 kHz: to be defined)

port and EUT port. 0,15 MHz to 30 MHz: 140 dB

3) Insertion loss and transmission bandwidth for the intentional Defined by system

(communication or r.f.) signal between EUT and AE ports, requirements¢

including characteristic impedance(s)

4) Voltage division factor of the unsymmetric circuit between Typically 9,5 dBd

EUT and measuring receiver ports, to be added to the reading of

the measuring receiver.
1 Frequency range (1) Emission (0,009 MHz),0,%5 MHz t
) . 30 MHz

(2) Immunity
See e.g. IEC 61000-4-6

a  The asymmetric impedance of the AN will be determined by the 150-Q resistor in parallel with the choke and the
cppacitance of the bulkhead connector to ground.

b Sjnce the coaxial cable shield at the AE port is directly connected to thé /AN metal case, the decolipling
ajtenuation will not be a problem of the AN itself. The emission (or immunity) test set-up shall be such that the
nlinimum decoupling attenuation can be guaranteed.

¢ Insertion loss and transmission bandwidth for the intentional (communication or RF) signal between EUT and
AE ports as well as the characteristic impedances between shield and inner conductor(s) are not in the scqpe of
this standard. They should be defined according to system requirements.

d  The AN shall be calibrated by measuring the voltage divisign’factor in a test set-up according to Figure F.2
8 [The artificial hand and series.RC element
8.1 General
In spme product specifications-the artificial hand is required for EUTs which do not have an
earth ground connected tocthe metallic parts of the EUT and which in normal use are hand-
held. Housings of plastic -with a conductive coating may also require the use of the artificial
hand. The artificial hand\is used in conducted emission tests in the frequency range of 150-Hz
kHz|to 30 MHz (the_most critical frequencies are 5 MHz to 30 MHz) to simulate the influgnce
of the operator's hands on the measurement results. The types of equipment to be evalupted
with| the artificial\hand are: electric tools, household appliances, such as hand-held mixers,
telephone handsets, joysticks, keyboards, etc.

8.2 [ Construction of the artificial hand and RC element

The altifiuiai halld bUIID;OtO Uf d (Dtllp Uf) IIIUtd: fUI: Uf bpcbiﬁcd d;lllcllb;ullb, Vvh;bh ;D ph:u.;c: On

or wrapped around that part of the equipment normally touched by the user's hand, in a
specific configuration, described as follows.

The metal foil is connected in a specific configuration to the reference point of the disturbance
measuring system via an RC element consisting of a capacitor C = 220 pF + 20 % in series

with

aresistor R =510 Q + 10 %; see Figure 11 a).

The strips of metal foil used to simulate the influence of a user's hand around an equipment
handle or an equipment body are typically 60 mm wide. In the case of a keyboard EUT, a
metal foil, or more practically a metal plate of maximum dimensions 100 mm by 300 mm, may
be placed on top of the keys. Examples are given in Figures 11 and 12.
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The lead length between the RC element and the metal foil shall be 1 m. If the test set-up
requires a longer lead length, the total inductance of the lead shall be less than 1,4 uH if the
frequency of measurement is near 30 MHz.

When considering the total effect of the interconnecting wires as a single wire in free space,
the inductance L of the wire shall be less than 1,4 uH if the upper limit of the frequency range
in the conducted emission test is 30 MHz. For a given single-wire length, this requirement
allows calculating the minimum diameter d (in m) of the wires to be used by Equation (2):

AN AT
“”LU'J“ )

whefe
U =47x 107 H/m;
/ is the length of the wire in m;
d is the diameter of the wire in m.
NOTE When complying with the inductance requirement of 1,4 puH, the impedance of the RC network suffic|ently

domi;ates at 30 MHz.

8.3 | The use of the artificial hand

The|maximum length of wire between the RC element and the reference ground is generally
met|when the wire length does not exceed 1 m.~xThe RC element may, for example, be plgced
either as close as possible to the metal foily-or as close as possible to the reference ppint.
The| correct choice largely depends on, the (generally unknown) internal common mode
impe¢dance of the disturbance source. in;the presence of the metal foil, and the charactelistic
impe¢dance of the transmission line farmed by the connecting wire and its environment. If the
| uppér frequency range of the emis§ion measurements is limited to 30 MHz, the position of the
RC element is not critical, and alpractical position (also from a reproducibility point of view) of
the RC element is inside the /AMN or the LISN.

Whegn the conducted gemission at the mains port is measured, the reference point is| the
refefence ground in the*tAMN. When this emission is measured on a signal or control line| the
refefence point is the reference ground of the-line-impedance-simulation-network{(LISN}|AN.
The|general principle to be followed in the application of the artificial hand is that terminpl M
of the RC element shall be connected to any exposed non-rotating metalwork and to meta] foil
wrapped around all handles, both fixed and detachable, supplied with the appliance.
Metalwork which is covered with paint or lacquer is considered exposed metalwork and s$hall
be directly connected to the RC element.

The following items specify the detailed application of an artificial hand:

| a) When the housing of the appliance is constructed entirely of metal and is earth-grounded,
an artificial hand is not required.

| b) When the case of the appliance is constructed of insulating material, metal foil shall be
wrapped around the handle B as in Figure 11 b) and c), and also around the second
handle D, if present. Metal foil 60 mm wide shall also be wrapped around the body C, as in
Figure 11 b) and c¢) at the point where the iron core of the motor stator is located; or
around the gearbox, if the latter gives a higher disturbance level. All these pieces of metal
foil, and the metal ring or bushing A, if present, shall be connected together, and to the
terminal M of the RC element.
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| ¢) When the case construction of the appliance is partly metal and partly insulating material,
and has insulating handles, metal foil shall be wrapped around the handles B and D as in

Figure 11 b). If the case is non-metallic at the location of the motor, a metal foil 60

mm

wide shall be wrapped around the body C at the point where the iron core of the motor
stator is located; or alternatively around the gearbox, if this is constructed of insulating
loading material and a higher disturbance level is obtained. The metal part of the body, the
point A, the metal foil around the handles B and D, and the metal foil on the body C, shall

be connected together and to the terminal M of the RC element.

When a Class Il appliance (i.e. double insulated, without ground wire) has two handles of
insulating material A and B, and a case of metal C, for example an electric saw as in

Fig
and B and the metal body C shall be connected together and to terminal M of the
¢lement.

igure 12 gives examples for a telephone handset and a keyboard. For the handset
60 mm wide foil is wrapped around the handle with some overlap of the foil-In the cag
@ keyboard the foil or the PCB should fully cover the keys as far as possible;“Using a H
lhe metal side has to be placed on the keyboard; it does not, however, heed to exceed
dimensions of 300 mm by 100 mm.

at A
RC

the
e of
CB,
the
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220 pF £20 %

510 Q +20 %

-

||i—O—

Metal foil wrapped around
case in front of iron core of
motor stator or gearbox

IEC 0466/14

a) RC element b) Portable electric drill

M
ro

[

fal foil wrapped

hd handle “a A Metal foil wrapped

B \ / round handle

Metal body

\

=

Guard (if fitted) —

A and B: handles of insulating material

IEC 0467/14

c) Portable electric saw

Figure 911 — Application of the artificial hand
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60 mm Cross-section A-A

Telephone
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IEC 0468/14
a) Application of artificial hand to telephone handset
220 pF
Control Hp 510 Q
cable Il
to ITE
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o
e
300 mm
— - IEC 0469/14

b) Application of artifi¢ial hand to typical keyboard

The artificial hand incorporates a metal foil, with the following dimensions:

a) 60 mm wide and greater(than L in
length:

for parts of the equipment that are hand-
held during operation, or at a maximum
of four parts of a system under test.

b) 300 mm by 100.mm:

for keyboards, whereby the metal foil is
to be sized to cover the total number of
keys, or to partially cover the keyboard,
when the keyboard dimensions are
greater than the maximum foil size.

Figure 1012 — Examples of application of artificial hand to ITE

9 [|CDNE for measurement of disturbance voltage in frequency range

30 MHZ to 300 MiHzZ
9.1 Instrumentation

9.1.1 General

The measurement method is described in Clause 9 of CISPR 16-2-1:2014.

The measurement method uses the following equipment:

— a CDNE-X and,
— an RGP.

The technical requirements for this equipment are described in this subclause.
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The CDNE couples asymmetric (common-mode) disturbance voltage from the EUT into the
input lead of the measuring receiver, and decouples that lead from any emissions or
influences present in the test environment. Any symmetric (differential-mode) disturbance
coming from the EUT is loaded either by a symmetric impedance of 100 Q at the EUT mains
port (CDNE-M2 and CDNE-M3), or by the symmetric load at the AE port of the CDNE-Sx (see
Annex J). The CDNE cannot be used for the measurement on mains lines which carry
intentional symmetric (differential mode) signals.

The RGP is the reference for the measured asymmetric (common-mode) disturbance voltage.

S Q
9.1.2.1 Range of application Qy

The|CDNE is intended for the measurement of conducted disturbances in the fr &éncy rgnge
from 30 MHz to 300 MHz from an electrically small EUT with one or two c@ected cables.
Further the CDNE can be arranged between EUT and AE to de e asymmetric
distdirbances from the AE and to stabilize the impedance.

NOTIE An EUT is seen as electrically small if fulfils the conditions of 9.1 of CISPR 1'6@1:2014.
9.1.2.2 Measurement of disturbance voltage éz

The|CDNE allows measurement of the asymmetric distur a@e\ voltage Vy;s generated by the
EUT| on the connected cable(s). This measurement takesgNo account the measuring recgiver
reading Veas and the voltage division factor Fpye. Fhe voltage division factor Fopne inf dB,
inclydes the internal attenuator a,o,¢ Of at least 6 @hich is used to reduce the uncertginty
confributed by the mismatch between the CDNE % the measuring receiver.

The(result of the measurement is calculated &g follows:
$’\.
Vais = Vmeas + Fcone 1N dB(LX\@ (3)

9.1.2.3 Termination imped\g’&gof the CDNE

The|internal impedance ofqﬁhb EUT at the connection point is generally unknown. For]this
reagon both the reading and the reproducibility of the measurement results are highly
depé¢ndent on the CD ermination impedance. The asymmetric (common-mode) termingtion
impedance was cho@ to be 150 Q, giving the lowest uncertainty contribution relative td the
established test m&bod.

The|CDNE- and CDNE-M3 for the mains port of the EUT provides a symmetric impedance
of 100 Q, h represents the symmetric impedance of most a.c. mains networks.

9.1. z.{</ Decoupling attenuation of the CDNE

The unknown impedance of the AE and any emission from the AE can influence the
measurement result. This influence can be reduced by using an asymmetric attenuation
between the AE port and the EUT port. This asymmetric attenuation is typically realized with a
choke.

9.1.3 Description of the RGP

The RGP serves as the reference for the measured asymmetric disturbance voltage. The set-
up is placed on the RGP that is connected to the protective earth for safety of personnel and
equipment. The CDNE is placed in direct contact (good electrical bonding) with this plane, to
ensure that it meets the specification for the asymmetric impedance. The EUT is positioned at
a defined distance above the RGP.
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9.2 Technical requirements for the CDNE-X
9.21 Mechanical and electrical parameters

The CDNE is contained in a metallic case. The centre of the CDNE EUT port is
30 mm +1O° mm above the RGP. This height allows for a typical impedance of 150 Q for the

connected cable.

For guidance, figures in Annex J provide examples of the construction of CDNEs.

Table 7 provides the electrical parameters and thelr speciications In the rrequean nge
from 30 MHz to 300 MHz.

Table 7 — Electrical parameters of the CDNE-X ,\b‘
oS
Parameter Value for CDNE-M2 and Value fogl/CI.:LNE-Sx
CDNE-M3
I
Asymmetric (common-mode) +10 @ +10
impedance Z,, at the EUT port 150 Q@ _30 @ 00 30 @
Phase angle: 0° + 25° Q hase angle: 0° £ 25°
Symmetric (differential-mode) 1000 +20Q \\o not defined
impedance Zp,, at the EUT port C)
N
Longitudinal conversion loss > 20 dB O not defined
(LCL) (\Q
Tolerance of the voltage +1,5 dBQV +1,5dB
division factor Fy g including
“meas S\o
Decoupling attenuation 44ecoup Q\Qe dB > 30 dB

In general the level of asymmetric v%?ge is higher than the level of unintentional symmgEtric
voltage. Therefore a minimum LC of 20 dB is adequate to prevent any influencgs of
the |[symmetric voltage on the surement results. In contrast, the assessment of HUTs
using the differential-mode f Acommunication on unscreened leads requires specific |LCL
values (minimum and maxn@hﬁ value) of the CDNE.

NOTE 1 For the EUT port @SD‘NE-MC%, the minimum LCL value is not defined for L and PE, or N and PE.

NOTE 2 ReproduciblelLEL measurements above 100 MHz are under consideration.

e.g. \vhere tra tting of a wanted differential signal would require a specific LCL, minimum and maximum Value,
to take the neé quality into account.

rtation dmeas at the receiver port is used to reduce the measurement uncert'

NOTE 3 The’%T annot be used for applications on a mains network with intentional differential mode signals,
k

is preferably an internal component of the CDNE. If an external attenuator is used it shaII be
directly mounted on the CDNE receiver port, and this attenuator needs to be present during
calibration and measurement. The attenuation of a, .55 Should be at least 6 dB.

9.2.2 Validation of the CDNE
9.2.2.1 General requirements

For the validation measurement, the CDNE shall be placed on an RGP, and its enclosure
bonded to this RGP.

All measurements of the asymmetrical voltage refer to this RGP. The measurement
arrangement shall be as specified in Figure 7 of Clause 10 of IEC 61000-4-6:2008, and is
shown in Figure 13 with a different reference point of Zog in front of the EUT port.
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N 30 mm /
" <]
>< _— —
=] P - o~
o
=1
Reference L |
point ' Coupling decoupli
Coaxial of Zce EUT g oup 'Qgtwf,ffu" "9 ]
connection ., port bl o, }
L] . < 1
L <h . - —
HE= =~ L - || [
>200 mm IS P4
» El M . ‘ >200 mm |
> >_‘E Isolating material >
RGP
. =]
| . K ) " " " " = \
IEG 0470/14
NOTE “AE/mains” can include a.c. mains, d.c. supply as well as contrql/cemmunication lines.
Figure 13 — Arrangement for validation of a CDNE
9.2.2.2 Calibration of the network analyzer{(NWA) at the reference point
For the measurement of the asymmetric impggance at the reference point of Zog in Figurg 13,
the following calibration procedure shall becused:
Theleffect of the measurement cable (Between the IMA and the NWA) is taken into account by
calibrating the NWA using the ORPEN-, SHORT-, and MATCH-error-correction method. [The
nexf step requires connection aof thre IMA with the previously calibrated cable to the NWA.[The
othgr side of the IMA shall be fitted with a connection plate including all adaptor parts tha{ are
between the IMA and CDNE during the measurement of the asymmetric impedance |and
phase angle (see Figure 14). Excluded are all parts that will be inserted into the connectofs of
the ICDNE. This arrangement takes into account the electrical load between the calibrpted
cable and the measurement point at the input of the CDNE.
ThelelectricalAength shall be corrected by a delay time, which may be adjusted automatigally
or mlanually@epending on the measurement equipment used.
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length x is related to the design of the EUT port connector and €hall be as short as possible. Safety b3
bctors have a typical x value of 3 mm.

oupling decoupling network is not part of the set-up Qs shown only for the positioning of the conng
Set-up requires a connection plate without any pa@%‘uat will be inserted into the connectors of the EUT
nciple the connection plate will be upgraded asymmetric-mode adaptor (electrical connection bet
hnd all lines of the EUT port) for the measure of the asymmetric impedance and phase angle.

Figure 14 - IMA arrangg‘%ent for correcting the electrical length
xO

2.3 Asymmetric mped&bce Zeom

asymmetric mpedan@) Zcy at the CDNE EUT port shall be measured with
hgement prowded@ﬁgure E.2.

p.4  Symmetric impedance of Zpy,

symmetr@edance Zpy at the CDNE-M2 and CDNE-M3 EUT port shall be meas

accgrding St@ igure 15. The test arrangement with the low capacitance balun shal

S
conmgﬁm the CDNE to the symmetric port of the balun
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. Termination
Network analyzer Low capacitance balun
Directional
coupler Open/short

50 :100 O CDNE

§ g EUT AE/
L -

_ L <§
A
% 0472/14
2

.

NOTE “AE/mains” can include AC mains, DC supply as well as control/communication Ii,ﬁ‘sg.

Figure 15 — Test arrangement for the measurement of the sy 'étric impedance (Zgy)

The|symmetric impedance shall be calculated according to F\étion (4) or will be displayed
on the network analyzer. ‘\Q

O
1+p 1+ (/R /7E) K
Zpm =2 =7
on = %05 =205 ) QQ (4)
N
whefe pis the reflection coefficient and Z; is @)‘&0 Q.

D\
9.2.2.5 Voltage division factor

\
The|voltage division factor Fopne %The CDNE is measured according to Figure E.6.
\.

NOTE 1 For this measurement, F \1?3 the same as the term a used in Figure E.6.

vdiv

NOTE 2 The generator impedagde of 150 Q is typically accomplished with an additional 100 Q impedanfe in
seriep with the generator jmipedance. Because of the frequency range, this additional 100 Q is describdd by
S-pafameters that are us the specification of the voltage at the CDNE input.

9.2.2.6 Deco qrﬁg attenuation

.

The|decouphg -attenuation ayeqp Of the CDNE is measured using the set-up as shown in
Figure E. r a CDNE with two or more wires, all wire ports shall be measured betweer| the

EUT p&l/(? d the AE port.
AN

NOT For this measurement, 'y IS the same as the term a

vdiv used In Figure E.6.

9.2.2.7 LCL

The LCL of the CDNE is measured according to Annex E.

9.3 Technical requirement for the RGP

The only requirement for the metallic RGP is for size and its arrangement in the environment.
The RGP shall be at least 0,2 m larger at each side than the area determined by the test set-
up comprising the CDNE and EUT. The surface of the RGP shall also be such that it enables
a good electrical bonding of the CDNE, i.e. not painted or anodized.
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Annex A
(normative)

AMNs
(clause 4)

General

b-frequency (RF) voltages over the frequency range 9 kHz to 100 MHz and _ha
ent-carrying capabilities of up to 500 A. This annex supplements the provision

uctors of the supply mains (symmetric) and between the electrical-mid-point of
uctors of the supply mains and reference ground (asymmetric).

e. It-has—te shall provide sufficient isolation to spurious sigpals-in the mains supply
ious signals generally should be at least 10 dB below thé measurement level at
suring receiver). Also it-has-te shall prevent the mains xoltage from being applied tg
suring receiver. It should have these provisions for each~conductor of the mains (two-

mains conductor under measurement and to prowvide the correct termination to the @
s conductors. The circuits given in this anneX have these features. These circuits

for the case of two-wire single-phase mains; extension to four-wire three-phase us
ly done.

An example of the 50 Q/50 uH+ 5 Q artificial mains V-network

re 5 shows a suitable circuity with the component values listed in Table A.1.
meters L4, Cy, R4, R4 and Rg define the impedance; L,, C, and R, provide the isolatig
ious mains signals and.mains impedance variations, and C3; decouples the measy

A.

Table A1 — Component values of 50 /50 pH + 5 Q V-network

annex sets forth information and data concerning AMNs used in the measurement of

ving
5 of

se 4. Included are V-networks for voltage measurements between each conductor of the
supily mains and reference ground, and delta-networks for voltage measurements between

the

AMN circuit-has-te shall provide firstly the specified impedance over the working frequency

(the
the
the

wire

ngle-phase and four-wire in three-phase), a switch te)connect the measuring receiver to

ther
are
eis

The
n to
ring

iver from mains voltage) The network may be constructed for use with currents up to

Component Value
R, 50
R, 10Q
) 40000

= -866
R, 50 Q
Ry 50 Q (input impedance the measuring receiver)
C, 8 uF
C, 4 uF
Cy 0,25 pF
L, 50 pH
L, 250 pH
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At the lowest frequencies of the range 9 kHz to 150 kHz, the 0,25 uF capacitance of C5 does
not have a negligible impedance. Unless otherwise specified, it will be necessary to make a
correction for this impedance.

Since C4 and C, have high capacitances, for safety reasons the network case should either
be solidly bonded to reference ground or a mains isolating transformer should be used.

The inductance L, should have a Q-factor not less than 10 over the 9 kHz to 150 kHz
frequency range. In practice, it is advantageous to use inductors coupled in series opposition
in the live and neutral lines (common-core choke).

A syitable construction for the inductor L, is described in Clause A.7. For equipment réquj|ring
currgnts greater than 25 A, difficulties may be encountered in the construction of Z%.”In|this
cas¢ the isolating section L,, C, and R, may be omitted. The effects will be that| the
impedance of the network at frequencies below 150 kHz may be outside~the tolerance
speg¢ified in 4.3, and the isolation of mains noise may not be sufficient.

Thig circuit may also satisfy the requirements of the 50 /50 pH artificial mains V-netyork
speg¢ified in 4.4.

A.3| An example of the 50 /50 pH artificial mains V-network

Figure 6 shows the circuit with the component values as(isted in Table A.2. Componentg L,
C4, Ry, Ry and R, define the impedance. Unlike the previous example (i.e. see A.2), thefe is
no isolating section because the circuit is able to meet'the impedance specification. Howgver,
in cases of high ambient mains noise, a filter is<required to reduce the spurious signal Igvel.
Thig network may be constructed for use with currents up to 100 A.

Table A.2 - Component values of 50 /50 pH V-network

Component Value

R, 1000 O

) 50 Q

00

x| = | =
[

9

50 Q (input impedance of the measuring receiver)

00

o

1 uF

0,1 uF

N

IR BN

50 pH

-

Because C; has a high capacitance, for safety reasons the network case shall either be
solidly bonded to reference ground or a mains isolating transformer shall be used.

A suitable construction for the inductor L is described in Clause A.7.

A.4 Examples of the 50 Q/5 uH + 1 Q artificial mains V-network

The circuit of Figure 6 with the component values given in Table A.3 is suitable for
frequencies 150 kHz to 30 MHz, and currents up to 400 A.
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Table A.3 — Component values of 50 Q/5 pH + 1 Q V-network

Component Value
R, 1000 Q
R, 50 Q
Ry 0Q
R, 50 Q (input impedance of the measuring receiver)
Ry 10
C1 2 HF \|||i||i|||u|||)
C, 0,1 uF
L, 5 puH

An alternative circuit with component values is shown in Figure A.1. It s suitable for| the
frequency range 150 kHz to 100 MHz, and for currents up to 500 A.

To measuring \_fl 100 Q H
apparatus J
;/ g 1
0,05 uF == -
==0,05 pF
To gppliance ) «( To supply or load
‘lr 100 Q 1
33 pF 100 100
100 i
0,25 uF ==

e

<

EC 0473/14

| Coil details: 5 pH, 18 turhs, & 6 mm wound on 50 mm diameter—fermer coilformer. Tapping points at 3, 5, 9 and
13,5 furns.

| Figuire A.1 = Example of an alternative 50 Q/5 uH + 1 Q V-AMN for devices used with low
impedance power sources

A.5 —An example of the 150 (2 arfificial mains V-network

Figure 6 shows a suitable circuit. The component values are given in Table A.4.
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Table A.4 — Component values of the 150 Q V-network

Component Value
R, 1000 Q
R, 150 Q
Ry 100 Q
R, 50 Q (input impedance of the measuring receiver)
Ry 0Q
€3 +f
C, 0,1 uF
L, Suitable value to achieve the specified impedance

Example of the 150 Q artificial mains delta-network

re A.2 shows a suitable circuit. The component values are given in‘Table A.5.

i ! s R .I
L L S "
_______ 29
r l
L . | '
N — o ]
Additional I
filter sections | L ~ I I
| if required
o - 1 l|s _j
- = ¢
o 2 3
e _ _ _ _ _ _

T

Measuring receiver | e

IEC 0474/14

is\the connection for apparatus under test

-

N » N

for the symmetric component
for the asymmetric component
double pole double throw switch

measuring receiver input impedance

Figure A.2 — Example of a A-AMN for a measuring-apparatus receiver with unbalanced

input
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Table A.5 — Component values of the 150 Q delta-network

— 49 —

Component Value
R, R, 118,7 (120) Q
R, Ry 152,9 (150) Q
R, 390,7 (390) O
R, R, 275,7 (270) Q
Rg, Ry 22,8 (22) O
R R +07 8+ €
Ry, 50 Q
C, G, 0,1 uF
L, C suitable value to achieve the specified impedance
NOTE 1 The turns ratio of the balanced to unbalanced transformer is
assumed to be 1:2,5 with centre tap.
NOTE 2 Resistance values shown in brackets are the nearest preferred values
(+ 5 % tolerance).

Calqulations give the following network performance. Values“in brackets are based on
resistance values in brackets.

Attepuation: Symmetric 20 (209, dB
Asymmetric 20 (19,9) dB

Network impedance: Symmetric 150 (150) Q@
Asymmetric 150 (148) O

A.7| Example design-for an AMN with a 50 uH inductor

A7/ The indugctor

The|solenoidalwinding of the inductor shown in Figure A.3 consists of 35 turns of a si
layer of 6 mm.diameter copper wire with an 8 mm pitch wound on a coilformer of an insulg
material. lts;inductance is greater than 50 uH outside the metal case, and 50 pH insid€
metal cdse:

the

ngle
ting
the
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IEC 0475/14

NOTIE Resistors R (430 Q + 10 %) are connected to taps at turns 4 and 8, 12 and 16, 20 and 24, 26~anfd 32.

Indug

The
wing
grod

The
wing

imp
A.7.

The
is th
diss
sho

NOT
pOSS
with

tance is 50 pH £+ 10 %.

Figure A.3 — Schematic of 50 uH inductor

diameter of the inductor is 130 mm. To improve the electrodynamijc: stability of
ing, a 3 mm deep spiral groove is made in the coilformer, and the wire is laid in
ve.

higher frequency characteristics of the inductor are improved by sectionalizing
ing. Alternate sections, each of 4 turns, are each shuntedby a 430 Q resistor. Thesq

to 1uppress internal resonances in the inductor, which, atherwise would cause the ipput

dance to deviate from the specified value at certain frequencies.

2 The case of the inductor

pation. The dimensions of the casexare 360 mm by 300 mm by 180 mm. Figure
vs a general view.

short leads from these terminals to the socket to be used for attachment of the EUT.

— Measuring receiver
F_ e ——— - |

o . iR

=
=
} c
L§=J Supply Jf iC:J L:='| L%J

IEC 0476/14

Figure A.4 — General view of an AMN

the
this

the
act

inductor and the other components of thecnetwork are mounted on a metal frame, which
en closed by metal lids. The bottom and ‘side lids are perforated to improve the heat

A4

[E It is recommended that the-load-end terminals of the network be located as near as
ible to a corner of that end of\the case, so that two or more networks may be assempled
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A.7.3 Isolation of the inductor

Figure A.5 shows the attenuation to signals on the mains supply when the inductor is used in
the circuit of Figure 5 but without the isolation section L,, C,, and R,. The attenuation is
determined as that between the supply mains terminal and the-radio—disturbance—measuring
apparatds measuring receiver terminal. For curve 1, the internal impedance of the signal
generator at the mains terminal is 50 Q resistive. In curve 2, the internal impedance of the
generator is varied in accordance with the nominal value of the magnitude of input impedance
of the AMN, as given in Figure A.5.

A

20

Attenuation (dB)

10 H

0,009 0,004 0,1 0,4 1 4 10
Frequency /' (MHz)
IEC 0477/14

Key
1 Zgon= Rgen = 50 Q

2 den = |Zin AMN|

Figure A.5 — Attenuation of an AMN filter

A.8| <Measurement of the voltage division factor of an artificial mains V-network

The voltage division factor may be determined using a test set-up as given by Figures A.6 for
each test configuration of a V-network. The voltage division factor shall be measured on each
line with each internal connection (e.g. with manual or remote switching configurations) using
a network analyser, or using a signal generator and a measuring receiver or an RF voltmeter
with a high impedance (low capacitance) probe. All lines of the EUT port which are not
connected to the RF port shall be terminated with 50 Q loads.
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RF

Network 50 Q=)
analyzer v‘
Output Input .
,L T 10 dB V-network
J
- I
s i
B — L1 -
,,,,,,,,, >—N L mvams port
Adaptor -ﬁ
T EUT port |
10 dB
A
r IEC 0478/14

a) Test set-up for normalization (calibration) of the.network analyzer

RF
Network 5110 dB =)
analyzer
Output Input
A BN 50 O V-network
R
- Ik
s 0
— L1 .
>—N Mains port
Adaptor _ﬁ
T EUT port
10 dB
A
r IEC 0479/14

using a network analyzer

Figure A.6 — Test set-up for determining the voltage division factor

Because the EUT port presents a frequency-dependent input impedance, the network
analyzer needs to be normalized (i.e. calibrated), using the measured voltage level at the EUT
port.

If a signal generator and an RF-voltmeter with a high-impedance probe are used, the EUT
port is fed via a 50 Q pad, and the RF port is terminated with a 50 Q load while determining
the voltage division factor by two subsequent measurements on the EUT and RF ports.
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The construction of the adaptor used at the EUT port is critical for the calibration. Accordingly,

‘ the connections—must should provide low impedance, and the T-connector-must should be
placed as close as possible to the EUT port and ground terminals. The 10 dB pads are used
to provide exact 50 Q source and load impedances for accurate measurements.

| Furthermore, each line of the mains port-shall should be terminated with 50 Q relative to the
chassis.

For a 150 Q V-network the voltage division between the EUT port and the measuring receiver
‘ port, i.e. 150 Q/50 Q,-must should be considered.
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Annex B
(informative)

Construction, frequency range, and calibration
of current probes

(clause 5)

NOTE This annex supplements the provisions of Clause 5.
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Physical and electrical considerations for current probes

physical size of the current probe is a function of the maximum cable\’size tg

lencies to be measured.

rrent probe is usually a toroid with the conductor to be measured placed within the cg
ning. Existing requirements and manufacturers' specifications\show that the ce
ning may vary from 2 mm to 30 cm in diameter. The secondary-winding is placed on
d in such a manner as to facilitate the clamp-on functionof the probe. The core
ing are enclosed in a shield to prevent electrostatic pick<up. The shield has a ga
ent it from being a shorted turn on the transformer.

cal current probes for disturbance measurements:use seven to eight secondary tJ
number of turns is an optimized turns-ratio teensure a maximized flat frequency ra
an insertion impedance of 1 Q or less. For frequencies below 100 kHz, laminated sil
| cores are used. Ferrite cores are used between 100 kHz to 400 MHz and air cores|

sformer. Figure B.1 shows the configuration of a typical current probe.

current probe is generally used as a pick-up device for disturbance measurems
efore, it is designed to transfer the disturbance current to a voltage which can
cted by the meter. The sensitivity of the current probe may be expressed convenient
s of transfer impedance-"\Fransfer impedance is defined as the ratio of secondary vol
erally across a 50 Q resistive load) to the primary current. The transfer admittang

Fall sensitivity ef/the current probe and disturbance measuring receiver is also a func
e receiver_sensitivity. Minimum detectable disturbance current in a conductor is the
bceiver sefsitivity (V) to current probe transfer impedance (Q). For instance, if a
ovolt (V) receiver and a current probe with a transfer impedance of 10 Q are u
thelminimum measurable disturbance current is 0,1 pA. However, if a 10 uV receiver

a Ccy

current Is 10 pA. To obtain maximum sensitivity, the transfer impedance should be as hig

rrent probe with a transfer impedance of 1 Q are used, then the minimum measur

be

sured, the maximum—pewer current flowing in the cable, and the randge of signal
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The transfer impedance Z; is often expressed in terms of decibels (dB) above 1 Q. This is
a convenient unit in reference to the more general disturbance units of decibels above 1 uVv

or1

pA (Z7 in terms of decibels above 1 Q is taken as 20 Ig Z7).
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BNC connector

Removable covers

Shielding case / 9

Ferrite core Foam

Covers omitted from
this view for clarity

section A-A

8 warps each side

i
| IEC 048Q/14

Figure B.1 — Typical current probe configuration

B.2| Equivalent electrical circuit of current probe

The current probe may be represented by an exact equivalent circuit from general transformer
theory. It is not necessary to repeat the circuit here since it is shown in many standard
textbooks, see Reference [10]. After considerable simplification of the exact circuit and
derived equations, the following equations for the transfer impedance result:

High-_f_requency Z1 = ol 2 (B.1)
condition: (LR )? +(a)2LC—1)2]1
Mid-frequency Z1 = MR_ when (o?LC =1) (B.2)

condition:


https://iecnorm.com/api/?name=1fd38c5ae6a11afe392c37716ba6254f

Low

e /2
condition: (a)L/RL )2 +1]1
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oM

frequency Z1 =

where

VAN is the transfer impedance;
is the mutual inductance between primary and secondary windings;
L is the inductance of secondary winding;

R is the load impedance of secondary (usually 50 Q);

The

B.3

The

The maximum transfer impedance at mid-frequency, for a constant load impedancs

The high-frequency half-power point occurs when the reactance of the secon

C is the distributed capacitance of secondary;
1) is the angular frequency in radian/second.

following conclusions result from Equations (B.1) to (B.3):

jirectly proportional to the ratio of mutual inductance to secondary inductance (R_ b
constant).

istributed capacitance is equal to the load resistance.
Detrimental effects of current probe measurements

current probe is essentially a toroidal transformer and therefore reflects the secon

insertion impedance is approximately 1 Q. As_long as the combination of source and

imp
prob
and
proh

Oneg
pow

used in the vicinity of devices which generate strong external magnetic fields. The cuf

prob
The
pow

solu
rece

impIdance into the primary. For an 8-turn secondary winding and a 50 Q load, typically

theslte power frequencies may damage the input circuit of the associated receiver. A poss

dances of the circuit to be measured is.greater than 1 Q, the application of the cuf
e will not greatly alter the primary currént flow. However, if the sum of the circuit so
load impedances is less than the .insertion impedance, the application of the cul
e may alter the primary current considerably.

intended current probe appli¢ation is the measurement of disturbance current on prin
er lines which may carry, up-to 300 A d.c. or 100 A a.c. The current probe may als

e transfer impedance shall not be altered by these power currents or flux densi
efore, the magnetic\eircuit shall be designed so that it will not saturate. Because the
er currents may _be)in the frequency range of 20 Hz to 15 kHz, the current probe outp

ion is the insertion of power-frequency rejection filters between the current probe and
iver. Figure-B.2 shows a high-pass filter with 9 kHz cut-off frequency.

2, IS
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dary
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rent
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IEC 0481/14

Figure B.2 — High-pass filter with cut-off frequency of 9 kHz


https://iecnorm.com/api/?name=1fd38c5ae6a11afe392c37716ba6254f

CISPR 16-1-2:2014 RLV © IEC 2014 - 57 -

B.4 Typical frequency response characteristics of current probes

Figure B.3 shows the typical frequency response characteristics of current probes, with flat
passbands of: a) 100 kHz to 100 MHz; b) 30 MHz to 300 MHz; and ¢) 200 MHz to 1 000 MHz.
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IEC 0482/14

Figure B.3 — Transfer impedance of typical current probes
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B.5 A shielding structure for use with current probes

B.5.1 General

A current probe with the addition of a conductive (e.g. copper, brass, etc.) shielding structure
may be used to measure either asymmetric (common mode) or symmetric (differential mode)
disturbance current. The method is usable from 100 kHz to 20 MHz. The essential feature of
this method is a modified RF current probe combined with a high-pass filter. The purpose
of the high-pass filter is to enhance the rejection of the power frequency current in the output
of the current probe. The test arrangement is described in CISPR 16-2-1.

B-51B.5.2 Theoretical model

The| set-up for current measurement using the AMN is shown in Figure B4 a). |The
comjponents of the disturbance currents are:

14 current in the live mains conductor

Iy current in the neutral mains conductor

Ic asymmetric (common mode) current

In  symmetric (differential mode) current

NOTE The phase angle between [; and I, is assumed to be Zerd. This is the case for leads of less than 1 m and
frequencies below 30 MHz.

It cgn be seen from Figures B.4 a) and B.4 b);that the currents have the following relationg:

I, =1 —Ip B.5)
Ip =14 - I, B.7)
14 ;

L
—— Y
-

Mains Ic

network ] EUT

IEC 0483/14

a) CISPR test circuit with disturbance currents
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b)

Thu
outp
an g
for

asyn

B.5]
The

proh
are

The 1f

Mains

network ¥ |

F—E'—A EUT -»—:L

I

JEC 0484,

4

Test circuit which differentiates asymmetric (common) mode and symmetric (differential) mode ng

Figure B.4 — Set-up for current measurement using the AMN

5 a current probe clamped around the conductors so that 74 and I would add give
ut due solely to the asymmetric current; whereas, subtraction of the currents would

utput related only to the symmetric current. A 6 dB correction of)the measured value
the asymmetric current is required, due to the factor of 2_in the equation for
nmetric current (see Figure B.4 b).

2B.5.3 Construction of the shielding structure

additional shield required is shown in Figure B.5. The dimensions shown are for a cul
e with a centre core of 51 mm diameter. For other/sizes of current probes the dimens
scaled accordingly.

24,0
31.8 2 holes
> 23,8 2 places

haterial should be highly conductive, e.g. copper or brass.

IEC 0485/14

Figure B.5 — Shield configuration used with current transformer

ise

ield
only
the

rent
ions

This

F 4 4 HH 4l loio ol ool ol 4 : 4o 4 I
SUULLUTT STTvVeo U PUSTUUIT UIT UTToTiciuTu LUTTUULIUTS 1T U1 CUTTTITt JTrovue,  dil

d to

provide additional shielding from any external linkage when the output is grounded at one
end. Insulated (0,75 mm?2), stranded wire is passed through the hole and fitted at each end
with terminals to accept the shielded leads from the mains network and to the EUT. The
diameter of the centre of the shield is built up with insulating tape so that the wires are firmly
held in the slots, and so that this portion of the assembly fits snugly in the current probe when

it is

closed.

The shield is positioned in the current probe such that the plane of the leads is perpendicular
to the plane of the gaps in the core halves of the probe. It is important to ensure that the
shielding structure as shown in Figure B.5 is insulated from the current probe housing so that
the gap in the housing is not shorted.
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B.5-3B.5.4 High-pass filter

A high-pass filter, if needed, is inserted between the output of the current probe and the
measuring receiver. This filter may be part of the measuring receiver [see Figures B.2

and

B.6

B.4 b)].

Calibration of current probes

Calibration of current probes may be done by a jig which is made of two halves of a coaxial
adaptor. When assembled with the current probe in place, the jig forms a coaxial line the

oute
the

The
mat
the

accq
curr

whe

The
]P in

whe

r conductor of which encloses the current probe and the Inner conductor passes thrq
brobe aperture (see Figure B.9).

calibration equivalent circuit is shown in Figure B.6. When the coaxial \line is
Lhed the current Ip through the inner conductor may be calculated from a.measureme
voltage V1 on the line. The body, if metal, or shield of the probe should be taken

k Yy  is the transfer admittance in dB(S);

V4 is the RF voltage on the coaxial linein dB(pV);

Vs is the RF output voltage of thepfobe in dB(uV);
34 is a factor related to the:50)Q2 load impedance.

transfer admittance—k Y7 in dB(S) is used to calculate the value of the measured cuf
dB(pA) using the equation:

Ip=Vy+ kY7

re Vo is in dB(1V).

> isin- dB{¢A), and
o 1A

Figu

unt in the design of the jig, to achieve a good coaxial line. If the yoltage output of

bnt probe is V5 the transfer admittance may be calculated using the following equationf
kYT: V1 - V2—34

Fe

ugh

well
ht of
into
the

B.8)

rent

B.9)

rexB.7 shows a typical calibration result, Figure B.8 shows the return loss, and Figure

B.9

pro

ol Jo 4 o £ + Il ol 4 HH
reSaphotograpnora coaxtarataptorig-
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50 Q
— o
o
I
G) lm H 500
L ]

IEC 0486/14

Figure B.6 — Schematic diagram of circuit with coaxial adaptor and-current probe

Currentprobefactork transfer admittance ¥ measurement
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Transfert admittance dB(s)
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N\ |
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Frequency (MHz) IEC 0487714

Figure B.7 — Currentprobefactork Transfer admittance Y; as a function of frequen
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10

30 /

] —
N

50 —

Return logs dB(s)
N

60

1 10 100 | 1000
Frequency (MHz)

IEC 0488/14

Figure B.8 — Return loss of the coaxial adaptor terminated with 50 Q and
with the current probe (also terminated with 50 Q) inside

IEC 0489/14

Figure B.9 — Current probe between the two halves of the coaxial adaptor


https://iecnorm.com/api/?name=1fd38c5ae6a11afe392c37716ba6254f

CISPR 16-1-2:2014 RLV © IEC 2014 - 63 -

Annex C
(informative)

Construction of the coupling units for current injection
for the frequency range 0,15 MHz to 30 MHz

(clause 6)

.01 ral

| NOT —
C.1| Coupling unit type A for coaxial antenna input

Thejcircuit diagram and construction are similar to the type A unit shown in Figure C.1, ex
that|the inductance value is 280 puH.

Conptruction of the 280 pH inductor:

Core:

Winding:

C.2| Coupling unit type M, for mains leads

The| circuit diagram and construction are similar to the type M unit shown in Figure
except that the two inductors are 560 pH eachyand C; = 0,1 uF and C, = 0,47 pF.

Conptruction of the 560 uH inductor:

Corg:

Wingding:

1 to th H
St P e et e ProYSTERS— ST oratuSt

Two ferrite rings, material 4C6 or equivalent, placed together, dimens
36 mm outer diameter, 23 mm inner diameter, 30_mm thick.

28 turns of a fully screened miniature coaxial cable, e.g. UT-34, wire diam
0,9 mm, with an outer insulation plastic tubiing of 1,5 mm outer diameter.

Two ferrite rings,«material 4C6 or equivalent, placed together, dimens
36 mm outer dianieter, 23 mm inner diameter, 30 mm thick.

40 turns of ihsulated copper wire, 1,5 mm outer diameter.

cept

ions

eter

C.2,

ions
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Key
4-5

10
13
14

145 mm To disturbance source
5 - 8
5
2 - 2
25
50 7
=2 q =
o -]
=) W
Lo THAK n °
0 ZAIEI
]
g
Q ]
T ﬂ
J Y 5 ’
A
EUT]
Wanted signal [ =~ _—_l
£ Dt ) ANtenna
w 100 O

Pl | 30 pH i

Disturbance source

metallic case 145 mm by 70 mm by 70 mm (parts-6 placed on the ground plane P1)
front plate (insulating material)

supporting plate for chokes (insulating material)

coaxial connector, BNC, 50 Q

group jack

coaxial connector, BNC

ferrite ring type 4C6, & 36 mm, 15 mm, with 14 turns of coaxial cable

coaxial cable, outer @ 2,4 mm

Figure'\C.1 — Example of coupling unit type A, for coaxial input
schematic diagram and construction details (see C.1 and D.2)

%

i

EC 0490/14
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145 mm To disturbance source -—|—-

S [

To mains

| T LT T
H T
= ToEUT |

N

EUT
(2]
c
£ ~—
=
i
Disturbancejsource IEC 0491/14
Key
4-9 see Figure C.1
11 is the mains socket for EUT (two insulated banana jacks)
12 is the mains plug (2P + ground)
15 are two ferrite rings type 4C6, & 36.mm x 23 mm x 15 mm, with 20 turns each
16 is an insulated 0,8 mm copper wife, outer & 0,8 mm

Figure C.2 — Example of coupling unit type M, for mains leads, schematic diagram
and construction details (see C.2 and D.2)

C.3| Couplingunit type L, for loudspeaker leads

The|circuit\diagram and construction are similar to the type L unit shown in Figure C.3 |with
two separate inductors of 560 pH each, and C;y = 47 nF and C, = 0,22 pF.

Construction of each 560 uH choke:

Core: One ferrite ring, material 4C6 or equivalent, dimensions 36 mm outer diameter,
23 mm inner diameter, 15 mm thick.

Winding: 56 turns of varnish insulated copper wires, 0,4 mm diameter.

NOTE Characteristics of magnetic ferrite type 4C6:

Relative initial permeability W =120

Loss factor tan o/y; < 40 at 2 MHz, < 100 at 10 MHz
Resistivity p =10k Q-m
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To disturbance source

4
’
1
1
,l
|1
9
5
To loudspeaker —_—
17 L YN { 17 ToEUT
i 18 E
L
— [ A\AAAS b
2 2
- 60 uH ’
9 [l 6
.
K
5
IEC 0492/
Key
4-9 see unit type A
17 are-insulated-bananajacks
18 two inductances 60 uH each
For each inductance:
Core: one ferrite ring, type 4C6,
@ 36 mm by & 23 mm by 15 mm
Winding: 20 turns copper wire insulated
outer & 1,2 mm
Mounting of the inductances: see unit type M
C1 10 nF each
C2 47 nF each
Figure C.3 — Example of coupling unit type L for loudspeaker leads,
schematic diagram and simplified construction drawing (see D.2)
C.4| Coupling unit type Sw; for audio-frequency signals
The| circuit diagram and construction are similar to the type Sw unit shown in Figure
excegpt with the 280 gH\ inductor described in C.1. The screened cable may be an ay
frequency type, and-its'diameter shall be not larger than 2,1 mm.
NOTE The type A coupling unit described in C.1-may can be used for this purpose; if the two stereo signal c
of thg¢ EUT are,cofinected together.

To disturbance source

£

C.4,
dio-

hbles

i 8

input or output

o wl
Audio signal 19 ——,

19
bCEl: To EUT

IEC 0493/14
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Key
4-9 see unit type A
19 Cinch or DIN sockets

20 inductance of 30 pH:

Core: one ferrite ring, type 4C6,
@ 36 mm by & 23 mm by 15 mm
Winding: 14 turns with a screened twisted pair:
outer diameter of cable insulation 2,8 mm
Mounting of the inductance: see unit type A

Figure C.4 — Example of coupling unit type Sw, for audio signals.

—Schematicdiagram—and-simptifiedconstruction-drawing{see B-2)——
C.5| Coupling unit type Sw, for audio, video, and control signals

The| circuit diagram and construction are similar to the type Sw unit shown jin Figure |C.5,
except with two 560 pH inductors constructed as described in C.2. The|.cable with three
condluctors shall have an outer diameter not larger than 1,5 mm. This may be achieved using
two |micro-coaxial cables type UT-20 (0,6 mm diameter) and a varnishDinsulated copper |wire
of 0{3 mm diameter.

To disturbance sourCe a ——3=h—
4 i 8 /,r ——————
Gt ——-F=p—
100Q 1W/ 2
e / Z
J / ©
60 pH =<
|
w / p——ta,
= - 22 _~ A
Warnpted signal ] . &= AN
inpput and/or {4( =y R
butput AN NG §, \
[
5
IEC |0494/14
Key

4-9 | see unit type A

21 muliiple pins connector (e.g. 7 pins DIN-socket)

22 two’inductances 60 uH each; for each inductance:

Core: one ferrite ring, type 4C6,
& 36 mm by & 23 mm by 15 mm
Winding: 20 turns with a three-lead cable
Cable: Two micro-coaxial cables, UT-34,
outer & 0,9 mm + one copper wire
@ 0,4 mm, varnish insulated
outer insulation: tube outer & 2,4 mm
Mounting of the inductances: see unit type M
C =1 nF (or more, if it is acceptable by the signal source)

Figure C.5 — Example of coupling unit type Sw, for audio, video and control signals,
schematic diagram and simplified construction drawing (see D.2)
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Annex D
(informative)

Principle of operation and examples of coupling units for

conducted current immunity measurements

(clause 6)

NOTE This annex supplements the provisions of Clause 6.

D 1 Princinla ~f Anaprats
. TPt~ o opPtTataon

The| principle of operation is illustrated in Figure D.1. The inductance L presents-¥a high

(wa
circ

impIdance to the injected disturbance current. The filter L/C, isolates the test apparptus

ted signal generator or auxiliary equipment); C; and C, may be replaced by a ghort
it if the a.c/d.c. conditions permit. The disturbance signal delivered from'a.generator |with

50 @ internal resistance is injected via a 100 Q resistor R, and a blocking capacitor (; (if

reqyired) on to the leads or on to the shield of a coaxial cable.

D.2| Types of unit and their construction

Thelfollowing types of coupling units are used:

Type A:

Type M:

Type L:

Typé Sr and Sw:

Typée Sw:

The RF coaxial units are to be used for coaxial leads carrying wapted
signals in the RF frequency range, JThe construction details are shown in
Figure C.1. The 100 Q resistor,_(to make up the 150 Q source impedance
from a 50 Q disturbance signal‘source) is bonded to the shield of the coaxial
output connector in the unit,

These are for use with mains leads. The construction details are shown in
Figure C.2. The injectign of the disturbance current is done asymmetri¢ally
on both wires through-an equivalent resistance of 100 Q. This unit is like an
artificial mains delta network, and as seen from the EUT terminalg, a
symmetric and;asymmetric equivalent resistive impedance of 150 Q.

These are“for use with loudspeaker leads. The construction details|are
shown in ‘Figure C.3. The impedance of the disturbance source is arranged
as for Type M units.

These are designed for use with audio, video and other auxiliary leads. They
are’ multi-pin units which have to be adapted to a variety of pin numbers|and
connector configurations, as follows:

These units provide a through path for audio, video, control or other signals,
in which case filtering is required to ensure that the disturbance signal is
directed towards the EUT. The construction details shown in Figure |[C.4,
indicate the simple filtering provided for audio signals with a screened |pair

Type Sr:

wound on a toroid. In the case of multi-lead cables it may be necessary, for
construction reasons, to separate the cable leads before winding upon a
toroid shown in Figure C.5. In both cases the disturbance current is injected
via a 100 Q resistor on to the screen and the ground pins of the output
connector, the screens of the shielded leads, and through capacitor on to
the other (unshielded) leads.

These are designed for the case where there is no requirement to provide a
through signal path. All leads of the cable are terminated with a matched
load resistance. The construction details are shown in Figure D.2. The
disturbance current is injected via a 100 Q resistor on to the screen
( grounding) and the ground pins of the connector, to which point all the
load resistors (R4 to R,) are connected also. It should be noted that a
coupling unit of the type indicated in Figures C.4 or C.5 terminated with a
correct load impedance could be used for this purpose.
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If the source impedance of the disturbance generator is not 50 Q, the value of the series
resistor is adjusted accordingly to make up the required 150 Q impedance.

The RF choke coils shown in Figures C.1 to D.2 have inductance values 30 uH or two 60 puH
chokes in parallel, and are satisfactory for the frequency range 1,5 MHz to 150 MHz. For the
frequency range 0,15 MHz to 30 MHz, the inductance values are 280 uH or two 560 puH
chokes in parallel respectively. Annex C describes their construction.

Precautions-have-te should be taken in the layout to keep parasitic capacitance to the output
terminals of the units as low as possible. It should be noted that the metal cases of the units
are to be carefully connected to the ground plane using large section copper braid and

unpainted cases.
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Wanted signal
generator or auxiliary
equipment

Iis the

R

Coaxial cable, twisted pair
or multi-lead cable (screened

or unscreened

[VOther cables for mains, loudspeakers, etc.

each terminated with

h coupling unit (150 Q)

Disturbance RF
bignal generator

nt+Rq=150Q

Key

L
€, Gy

disturbance current

R Int
50 Q 7

EMF

isolating inductance

capacitors with low RF impedance (if the a.c. d.c. conditions allow this,

capacitors should be replaced by a direct connection)

Figure D.1 — General principle of the current-injection method (see D.1)

EUT
Coupling unit Coupling unit
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To disturbance source 24 To EUT
AN
r Ty
- 6
9 N
L N
IEC 0496/14

Key

6,8,

23
24
Ry to

R

see unit type A

is the metallic case 100 mm by 55 mm by 55 mm

is the multiple-pin conductor or DIN-socket

n

are the matched load resistances.

Example — Coupling units type Sr for audio equipment

Phon)

Micrd
Tune|
Tape|
Audig

1

ograph

phone

recorder

in/out

Figure D.2 — Coupling unit type'Sr with load resistances — Schematic diagram

Magnetic: 2 x 2,2 kQ
Crystal: 2 x 470 kQ
2 x 600 Q

2 x 47 kQ

4 x 47 kQ

4 x 47 kQ

and simplified construction drawing (see D.2)
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Annex E
(normative)

Example and measurement of the parameters
of the asymmetric artificial network (AAN)

Description of an example of an AAN: the T-network

Figyre E.1 gives an example of an AAN, the T-network, having terminals a; and_b{ for
conmection to a conductor pair in a signal port of an EUT and RG for connection to| the
refefence ground and, if applicable, to the safety earth or other ground connector of'the EUT.

The|symmetric signal which may be needed to have the EUT operating correctly is connefted
to tpe terminals a, and b,. The double choke L, allows separate measUrement of| the
asymmetric component of the disturbance. The two windings are designed such that| the
symmetric currents are suppressed by a high impedance, whereas the impedance| for

asymmetric currents (passing to R,;) shall be negligible.

The|termination impedance of the network for the asymmetric @isturbance voltage of 150 | is
detgrmined by the two resistors Rt (200 Q), in parallel for(the asymmetric current, in series
with[ the resistor Ry, (50 Q). The resistor Ry, is usually the input impedance of a measuring
recdiver. In this case the meter reading is typically 95 dB lower than the actual asymmgtric

Normally an AAN is inserted between an EUT and its associated equipment.

E.2

For

measurement of the specifiedparameters described below are used.

a)

vaIuFr at the terminal of the EUT. The capacitor C1 blocks d.c. currents, thus allowing for|d.c.
sup
properties of L4, due to saturation.

ly voltages on the network leads without damaging the resistors and without affecting the

Measurements of the parameters of an asymmetric artificial network (AAN)

the determination of compliance with the requirements of 7.1, the procedures for| the

Termination impedance

This impedance-between the terminals a, and b, connected together, and terminall RG
shall be checked with terminals a, and b, being alternatively open and short-circuitgd to
the ground-erminal RG (see Figure E.2).

_ongitudinal conversion loss (LCL)
This(rejection of the Y-network shall be measured in accordance with Figure E.5.|The

etwork analyzer (NWA) applies its output signal to an LCL probe, which-must shall have
:|; ot it A et ‘5-4B—ti ; ) I!llLCL

of the AAN. For LCL probe verification, see Figure E.3, and for calibration, see Figure E.4.

Decoupling attenuation
The decoupling attenuation shall be measured in accordance with Figure E.6.
Insertion loss of the symmetric circuit

The insertion loss of the symmetric circuit shall be measured in accordance with
Figure E.7.

Two LCL probes can be used as baluns for the insertion loss test of the Y-network. Two
identical baluns may be connected in series for the determination of their own insertion
loss. Baluns can be designed such that the combined insertion loss of two baluns is less
than 1 dB in the frequency range from 0,15 MHz to 30 MHz.
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e) Voltage division factor of the asymmetric circuit (calibration of the Y-network)

The voltage division factor of the asymmetric circuit shall be measured in accordance with
Figure E.8.

Symmetric load impedance and transmission bandwidth

This parameter is defined by the system. Y-networks may be optimized for a certain
impedance with respect to transmission bandwidth. The transmission bandwidth may be
measured for a certain symmetric load impedance using the test set-up of Figure E.7.

a1 @ [
ol

N

Ry

o 2

\ Ancillary
EUT Ly network

I S o
Ly
Ry
Cr
b o |
——— o
Ru
RG Reference Ground (RG)
o and Safety Earth
J_ . 1EC—1116/03
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AAN metal case
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AAN

a1 L1 as
W O

O —_—

EUT Balanced pair AE
0@ O
b1 L b2

\
\
\ °
\
L L
°
C=4,7 uF
Rx
R=200Q 500
=2x38mH
Ly =2x38mH RG
AE = Associated equipment
EUT = Equipment under test
= Receiver input
IEC 0497/14

NOTE 1 Nominal voltage division = 9,5 dB.
NOTE 2 Z_,, represents the unbalance networK/used to adjust the LCL.
Figure E.1 — Example_ of a T-network circuit for one pair of wires
EUT AE
port port
aq ar
AAN
NWA Y-network
Swi1
o bs
”_‘50 Q
| IEC 0498/14
NOTE

If the AAN is of higher order (i.e. more than one pair of wires), then all wires of the EUT port, respectively
all wires of the AE port, are connected together.

Figure E.2 — Arrangement for the termination impedance measurement
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LCL probe

| rm-circuit
° S

714 Ry [ R3

NOTE 1 When terminated with a minimum LCL =-circuit consisting of R, R, and R, (R, ®R3), which includes|

the rlominal symmetric impedance Z (=———=——) of the AAN and the asymmetric impedance of 150

RoR
=213 ), the probe-sheuld ideally shows a residual LCL of 20 dB or higherithan the highest LCL to be meas

N

Ro 4
For 2

NOTE 2 The LCL probe-sheuld-be-operated operates with an asymmetric source impedance of Z/4.

NOTE 3 For Z =100 Q, Z/4 equals 25 Q.

NOT

circu-t relative to the balanced terminals of the LCL probé.

G.11

E
NOTIE 5 Definition: longitudinal conversion.l@ss (LCL) =20Ig—| in dB (according to ITU-T Recommend
Vv
 [7])
| CL probe-sheould—be is so constructed that the LCL can be measured using ordinary network analy

The
An e

IEC 0499/14

Rq(Rp + R3)
R{+Ro +R3

R3
=100 Q: R, = 120 Q and R, = R, = 300 Q.

4 For optimum reproducibility, the LCL of the probe‘sheould-be is maximized for both orientations of

ample LCL probe is described\inT9].

Figure E.3 — Arrangement for LCL probe verification

both

Q (=

ured.

he n-

htion.

Zers.
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LCL probe | L-circuit

IEC 0500/14

(Reyrm 1 Z) + 4R +z|
NOTE 1 LCL of the L-circuit: aLCL:20|g| Sym cal |dB

2Rgym 11 Z)

NOTE 2 The LCL measurement uncertainty per Figure E.5 is influenced by the accuracy of the L-circuit and the
amoynt of the residual LCL of the probe. Changing the orientation of¢the“LCL probe relative to the L-circuft will
show| some uncertainty of calibration.
NOTE 3 Example of an L-circuit:

For an impedance Z = 100 Q and RSym = 100 Q, a value R = 750 Q will give an LCL of 29,97 dB|, i.e.
appr¢ximately 30 dB.

Figure E.4 — Test Arrangement for the LCL probe calibration using an L-circuit

AAN under test

LCL probe |
|
o o AAN o
|
' EUT AE

4 T Z : * | port port z

1z
4 o o—
T ™

Receiver port

R

IEC 0501/14

| NOTE 1 For the definition of LCL, see Figure E.3a3.

NOTE 2 Depending on the closeness between the LCL to be measured and the residual LCL of the probe,
a measurement with both orientations of the LCL probe, relative to the EUT port terminals and the determination of
| the mean value of the two results,-may can improve the accuracy of the test.

NOTE 3 |If the AAN is of higher order (i.e. more than one pair of wires), then the LCL of each pair is tested,

while the other pair(s) is (are) terminated with the common mode impedance Z in case of any influence on the
measured pair.

‘ Figure E.5 — Testarrangementforthe LCL measurement of the AAN
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EUT AE
port port Z
a1
AAN
(Y-network)
Swi1 ji
bz
b | |
‘ Receiver port
Zz V2
Z1=150 Q
Z2=50Q

The
highg
conn

1EC,*0502/14

lecoupling attenuation specification shall be met in both positions of Sw1 (short*and open). If the AAN
r order (i.e. more than 1 pair of wires), then all wires of the EUT port, respectively all wires of the AE por
bcted together—aydiy Brien e i B

Figure E.6 — Test set-up for the decoupling attenuation (isolation) of the AAN

—aygiy in dB for asymmetric signals between AE port and EUT port

v
decoup =20 |g‘%

VA
_ ® ® ay as ° ° ®
AAN
Vo K
o 768 b RE bo ° ° ®
500 Z=1000

IEC 0503/14

Figure E.7 — Test set-up for the insertion loss (symmetric) of the AAN

is of
, are

=3
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EUT
port

az

AAN
(Y-network)

150 Q

bo

Receiver port

Zz V2

Z1 =150 Q
Z>=50Q

IEC 0504/14

NOTIE If the AAN is of higher order (i.e. more than one pair of wit€s), then all wires of the EUT port respectively
all wifres of the AE port are connected together.

Figure E.8 — Calibration test set-up for'the AAN voltage division factor

of the asymmetric circuitioF N = ayqiy = 2019 in dB

"
V2

[1] HJ—MAGEARL—ANE—#P— A-Probe for-the Measurement-of Electrical- Unbalandeof
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F.1

Annex F
(normative)

Example and measurement of the parameters of the AN
for coaxial and other screened cables

Description of ANs for coaxial and other screened cables

Figu
cred
dou

can
insu

For
eith{
by W

F.2

b)

f

re F.1 gives an example of a coaxial cable AN employing internal common-mode ch
ted by miniature coaxial cable (miniature semi-rigid solid copper screen or_minig
ble-braided screen coaxial cable) wound on ferrite toroids.

also be created using bifilar windings of an insulated centre-conductér wire ang
ated screen-conductor wire on a common magnetic core (e.g. a ferritetoroid).

In crses where high shielding attenuation is not required, the internal common-~mode chok

multi-conductor screened cables, the internal common-mode choKe can be created u

bkes
ture

e(s)

sing

er multifilar windings of insulated signal wires and an insulated screen-conductor wirg, or

inding a multi-conductor screened cable on a common-mode 'magnetic core.

Measurements of parameters of an AN for coaxial and other screened
cables

Termination impedance

The impedance between the coaxial screen on the bulkhead connector (with no EUT ¢
Lttached) and the reference-ground connector shall be measured with the receiver

rminated with 50 Q load.
Voltage-division factor

The voltage division factor ofsthe AN shall be measured in accordance with the set-u
Figure F.2.
Coaxial For ex?mple: miniature coaxial cable AN metal case
bulkhead Coaxial cable AN
connector
EUT AE
Coaxial cable Coaxial cable

Coaxial

Isolation plate,
bulkhead

shunt C <1 pF

able
port

p of

connector

Ferriie toroids

Connection to
coaxial cable shield

AE = Associated equipment
EUT = Equipment under test
Ry = Measuring receiver

Common mode choke L¢m >1,4 mH, total parasitic shunt C <1 pF IEC 0505/14

Figure F.1 — Example of a coaxial cable AN
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EUT AE
port port

AN
for coaxial
and other
screened

cables

Z4

Receiver port

Z
2 V2 Z1e.9.150Q

Zp=50Q

IEC 0506/14

Figure F.2 — Test set-up for the coaxial and-screened cable AN

in dB

1

2

voltage division factor-a, 4;, Fapn'= 201g
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Annex G
(informative)

Construction and evaluation of capacitive voltage probe

NOTE This annex supplements the provisions of 5.2.2.

G.1 General
Thig annex provides an example of a method for the calibration of the capacitive VAI age
prohe (CVP). Other calibration methods can be used if their uncertainty is consid tp be
equivalent to that of the method shown in this annex. ,\b‘
=
G.2| Physical and electrical considerations for CVP (1/
4

Figyre G.1 shows the configuration of a CVP. A CVP consists of t ‘coaxial electrodds, a
groynding terminal, a cable fixture, and a trans-impedance ampljfier." The outer electroqe is

use
cou

i as an electrostatic shield to reduce the measurement r caused by electrostatic
ling from cables running alongside. \@

Thelequivalent circuit of the probe is shown in Figure G. sWhen a voltage exists between] the

cab

elecfirode as a result of electrostatic induction. Thi @I age is detected by a high impedance

inpu
megsured by a measuring receiver. S\\)

G.3| Determination of the frequen\%y\response of the voltage division factor

IE and the ground, an induced voltage occurs betWween the inner electrode and the quter

amplifier and converted to low impedance trans-impedance amplifier. The outppt is

@

Z)

N\
Figyre G.3 shows the test set-up u é’é to determine the frequency response of a CVP. A CVP

is v

a)

grified according to the followihg’procedures.

Prepare the same type etjbg‘ble that is used with the EUT.

alibration, and the s of results determined. The voltage division factor (Fgyp) can be estimated by pising

NOTE 1 If several type of cable are used with the CVP, a representative variety of cable types is used jn the
Fquation (G.3), ho &ﬁe Fgyp for each cable is measured.

Place the ca ion fixture on the reference ground plane, as shown in Figure G.3.

Connect ends of the cable to the inner ports of the calibration fixture (port-1, poft-2)

see Fi% G.3).
Pla @ e CVP in the calibration unit and adjust the position of the cable to pass thrqugh
qhgentre.

NOTE 2 If the ends of plates of the calibration fixture are too close to the ends of the CVP, the stray
capacitance is increased, which can adversely affect the calibration at higher frequencies. If the end plates of
the calibration fixture get too far from the ends of the CVP, a standing wave can be formed within the
calibration fixture at higher frequencies. These standing waves can adversely affect the calibration.

Connect the grounding port of the CVP to the inner grounding port of the calibration
fixture. Connect the outer grounding port of the calibration fixture to the reference ground
plane. The grounding strip should have low inductance, be as short as possible and kept
away from the CVP aperture.

Connect a signal generator, with an output impedance of 50 Q, to the outer port of the
port-1 through a 10 dB attenuator.

Connect a level meter, with an input impedance of 50 Q, to the outer port of port-2 and
terminate the output port of the CVP in 50 Q load. Measure the level ¥ over a specified
frequency range.
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h) Connect the level meter to the output port of the CVP and terminate the outer port of the
port-2 by a 50 Q load. Measure the level V|, over a specified frequency range.

i) Calculate the voltage division factor Fn\p = 20 1g|7/ V', | in dB from the measured values.

G.4 Method of measurement to determine the influence of external electric
fields

G.4.1 Influence of external electric field

The influence of the external electric field appears via electrostatic coupling with other cables
clos{\ to the probe. Figure G.4 shows the electrostatic coupling models and their eqt%z lent

circjits. Both the asymmetric voltage ¥, on cable 2 and the voltage V' on cable 1 appear af the
input terminal of the high impedance voltage probe through the capacitance C,%and ( as
shoyn in Figure G.4 a). An electrostatic shield shall be used to reduce the coupl'nh&due tq Cy.
However, the influence of the external electric field due to the electrostatic %@) ng between
the [outer electrode and other cable (C,") still remains because of the ﬁ;’n fection of| the
electrostatic shield, as shown in Figure G.4 b). Subclause G.4.2 proviqsg e measurement
prodedure for evaluating the influence of the electrostatic coupling between outer electfode

and|other cable. Furthermore, it should be noted that the voltage VNs-affected by ¥V, unless
1Zs|4<11/( @C¢)|- QQ‘

G.4f2 Method of measurement to determine the ianuec«)&:f the external electric field

electrostatic shielding is measured using the tesi{set-up shown in Figure G.5. |The

The|influence of an external electric field caused b &trostatic coupling due to limited
megsurement procedure is as follows; Qig

a) Measure the voltage division factor, Fyp K@g\w Ve |, using the method in G.3.
b) Place the CVP beside the cable, at a di%@ace “s” equal to 1 cm (see Figure G.5).

c) (Connect the grounding port of the p&Qbe to the inner grounding port of the unit. Conhect
{he outer grounding port of the unit\@ the reference ground plane.

d) Connect a signal generator vs(i\.@a 50 Q output impedance to the outer port of the port-1
{hrough a 10 dB attenuator.

e) Connect a measuring r ’\S’er with a 50 Q input impedance to the outer port of the port-2
hnd terminate the outp ort of the probe by 50 Q. Measure the level Vg over a specjfied
frequency range.

f) Connect the m@ring receiver to the output port of the probe and terminate the quter
port of the pogt-2’by 50 Q. Measure the level Vg, over a specified frequency range.

g) The redu of the influence is defined as Fg = Foyp/AVy/ Vsy) from the measpred

alueséo

¢
G.5 \@ulse response

A CVP is constructed as part of the measuring system which includes the measuring receiver.
It does not affect the performance of the measuring receiver described in Clause 4. The probe
response to pulses shall be measured because a CVP contains an active circuit. The
response is measured using the pulse generator as described in Annexes B and C of CISPR
16-1-1:2010 for Band B.

It is difficult to measure the pulse response using a pulse generator. The pulse capability of
the probe is tested to measure the linearity using a CW signal whose peak value is the same
as the peak value of the pulse. This can be accomplished because the probe does not contain
a detector and band-pass filter. The attenuator can be necessary to minimize the amplitude of
the reflected signal, due to the use of coaxial cable between the signal generator and the test
fixture. If it is not necessary to stabilize the frequency response, the attenuator is not needed.
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The impulse area of the pulse generator signal is 0,316 mVs from 0,15 MHz to 30 MHz as
shown in Table B.1 of CISPR 16-1-1:2010. The spectrum of the pulse generator signal is

practically constant up to 30 MHz. The pulse width, 7, is approximately given by

T =— (G.1)

With £, = 30 MHz, 7= 0,010 6 ps.

The et . ol £ L1l 1 4 H H [
arrmprnmuuc ur uic puitoT, a4, 1o HIVUII lJy

A4=0,316/7=29,8V Qy (B-2)

Thig indicates that the CVP should maintain linearity up to 30 V. (LQ

.

Thellinearity is tested by measuring the voltage division factor, Fgyp, \AN\rrL/the amplitude of
the signal generator is varied up to 30 V. ;

&
G.6| Voltage division factor dependence %Q
N\

The|voltage division factor of the CVP depends on the Sghus and the position of the cpble
under test in the inner electrode of the CVP. Althoug value of the voltage division fgctor
is n¢eded for disturbances measurements, calculati f the factor for any type of cable may
be Idifficult. An investigation was performed lQ evaluate the influence of the cpble
confliguration on the voltage division factor, ancsi\i\é)\\described in the following paragraphs.

The| voltage division factor dependenciq%@ere investigated using measurements and a
thedgretical analysis. Figure G.6 shows the”voltage division factor deviation when the cpble
position changes in the electrode. The\@ ble is replaced with a copper rod in the experiment.
The| horizontal axis indicates the separation ratio, g/(b - a). The solid line represents| the
calcplation results obtained from\@a capacitance variation between the inner electrode|and
cable, and the dots are the m@bured values. As a result, the measurement data agrees [well
with| the calculated data. 1\ sensitivity of the CVP, however, does not depend on| the
variation of the cable posit in the inner electrode up to a separation ratio of 0,8. Thus, to
minimize measurement@nors, the cable under test shall be adjusted to pass the centre of the

CVH.
QO

Figure G.7 ;&S&me cable radius dependence. The vertical axis shows the deviation of the

o

voltage divisi actor Fyp. The solid line shows the calculated results using the folloying

equ ation:%
O
\(</ 1 2z |

17 G In/a) "

Fevp = ] 5
14— % 4
Cp In(b/arer)

(G.3)
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where
£ is the dielectric constant;
aref is the cable radius used for reference;
Cp is the gain of the trans-impedance amplifier, obtained from the
measurement;
bandd are defined in Figure G.1.
The

igs of

each cable is evaluated with respect to the surface area of each wire included in the-cpble
and|compared to the surface area of a copper rod. The number of wires in the £abfe [was

chapged from 1 to 12. Figure G.7 indicates that the calculated results agree well* with
meagsured result using the copper rod. Thus the deviation between the measupred result$

actu

the
for

al cable and the calculated value is within 2 dB. This result shows (that the voljage

divigion factor can be approximately calculated by Equation (G.3) using the*surface area of

pling

each cable.
J Outer electrode
Inner electrode | < ’l (electrostatic shield)
7y / \ _L
(_\ Aperture
2¢ T
h 4 Slit
o
Cable fixture ) MY NN : :k
/ Output port
Grounding terminal . / putp
Trans-impedance
amplifier Power supply
IEC 0507/14
Cautjon:
1) |The cable fikture is used to centre the cable under test inside the probe. This item can act as a dieldctric,
which wilFincrease capacitance between the cable under test and the voltage probe inner electrode.
2) [Isolatidtrfrom the external electric field is needed to keep pickup on the power supply leads from coy
into the voltage probe circuitry.
Figure-G-1—Configurationeofa GCW
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Capacitive coupling clamp

EUT / Trans-impedance amplifier Measuring receiver
A S | e ot !
! T | [ 1] ' T T ' !
1 1 1 1 !

1 1 1 1
% YA I Zp 4 !
| 1 1 | 1 1
| |, | == L er/ |
1 1 P ! C 1 ' Vi
) : G P & P :
1
i L& ] [ %G & L\
1 ] 1 |
1 1 | 1

Capacitance between inner Capacitance between inner
electrode and cable conductor and outer electrode Grounding terminal

IEC  0508/14

Typical values for the configuration shown in Figure G.1

b 25 mm Cp 5 PF

¢ 55mm Rp 1MQ

d 100 mm |Zs| << 1/ (jC)l

C 8pF Rp >> |1/ (je( Os+Co))|
(Cable diameter is 26 mm) = g

C. 7oF Zop = Z¢=50 Q

Typical values are not required/specified values, and other cémbinations consistent
with “Characteristics” of 5.1.3 are acceptable.

Figure G.2 — Equivalent circuit of a CVP

Inner port (Port-1) Capacitive voltage probe

Inner port (Port-2)
Outer port (Port-1) Cable

Outer port (Port-2)

Signal generator

: Aasuring receiver
50Q (7 § SIS [ :
' — 1

1

1

1

114
Attenuator |
1
/ / ~ Output port
Calibration unit it
Outer grounding port | |
i 1
Reference ground plane Grounding port : :
1 1
Inner grounding port 50 @ ! ' Vi
1 1
L 1
- i
Measuring receiver
IEC  0509/14

Figure G.3 — Test set-up to measure the frequency response
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Cable 2

Electrode

Trans-impedance | C
ZsV

Cable 1

g a‘c‘pr%p QD

a) Capacitive voltage probe without electrostatic shield

Inner electrode Cable 2

Outer electrode I
(Electrostatic shield) 1

C
) ZsV
- [ < | °
f 4
Trans-impedance /\,\
Vx R,
C[/—Ex e 63 )%
L

b) Capacitive voltage probewith electrostatic shield

IEC  0510/14]

Figure G.4 - Electrostatic coupling model and its equivalent circuit

Calibration unit

Inner port (port-2)
Outer port (port-1) / Cabl
able

_ Outer port (port-2)
Signal generator Inner port (port-1) ; \
50Q

1
— I Py I e Measuring receiver
| S | ] D ,
| _ | '
A 1 g h 1
,\> | : | :
| " Attenuator " \ ¢ | !
' B S 1] 150Q i
I | S S . : B | s
- - 1
1
P 1
Inher.grounding port / / / Outer grounding port L.
/ 7777
Grounding port /
Measuring receiver
| 1
Capacitive voltage probe Output port ' '
| |
1 1
! 50Q !
' V| Vsm
1 1
1 1
s = Distance between cable and outside of the probe ! !
e 1
/777 IEC  0511/14

Figure G.5 — Test set-up to measure the reduction, through the shielding effect, of
the influence of the external electric field caused by electrostatic coupling
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20 T T T T T T
/=1MHz
15 + -
b=25mm ]
a c=55mm ]
S 10L _ ] Key
c [ a=13mm ] a Radius of the cable
2 : 1 b Innerradius of the inner electrode
S 5+ 7 ¢ Inner radius of the outer electrode
8 n E 7 Distance betweemrtentersof
0 : .__._,——r-"'/‘/ i the inner electrode and cable
3 IR N IR BN AV IR R

-02 00 02 04 06 08 10 12
gl(b —a)

IEC 0512/1%

Figure G.6 — Conversion factor deviation when cable/p6sition is changed

4
Reference : b/a = 10
2 Cp=5pF —
\. ’ Measured (cable)
& 0 @ Measured (copper rod) —
z
»
c *
o -2 o\ ¢
®© * )
'GS) e Calculation
a s /
4 k Key
* a Radius of the cable
-6
b Inner radius of the inner electrode
x . . .
0 50 100 150 200

Radius ratio b/a
IEC  0513/1

NOTE The vertical axis shows the deviation of the voltage division factor (F,p) from the calculated value when
b/a is 10.

Figure G.7 - Investigation result of the cable radius dependence
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Annex H
(informative)

Rationale for the introduction of a minimum decoupling factor
between mains and EUT/receiver ports for the V-AMN

For the purpose of reducing the influence of the unknown actual mains impedance on the
V-AMN impedance, a minimum decoupling factor (isolation) between the mains port and

©

the receiver port for a gi\/pn termination of the EUT port may be specified Differences
between the various types of V-AMN have to be taken into consideration. A
Y
40 dB b‘
«— Q’\
Receiver Mains (1/
port Ry port 500 f], 50 0
—o — — 3 ———1 1
NO
@ [Joe| © w00
¥

NOT
or at

A vs
the
Con
1%

uncertainty calculations in Cl 16-4-2 are based on an impedance tolerance of 20 %

no i
40 d
exa
unc
(incl

In a
volt
leve

E V, is measured separately by terminating the source @0 Q. V, could be defined either at the EU
the receiver port; in 4.8.2 it was decided to be defined at the receiver port.

Figure H.1 — Isolation r&&gurement arrangement

&
lue of 40 dB of isolation [20 Ig (V1/K§§] is fulfilled if e.g. R, = 4 950 Q. If the impedand
power port is then short or ope%} e impedance variation at the EUT port will be
sequently, to keep the influen f the mains impedance on the AMN impedance b4
a 40 dB isolation is neede "gﬁe detailed measurement procedure is given in 4.8).

hfluence from the mains port. It is not possible to guarantee no influence. However
B isolation, 1 % of the“tolerance is left for the influence of the mains port, i.e. if
ple, the uncertai contribution of the AMN impedance tolerance is 2,6 dB,
rtainty contrib @1 of the unknown mains port termination is in the order of 0,1
uded in the nénnt of 2,6 dB — not to be added).

.

dditionég%?"dfo dB isolation helps to limit the effect of the mains port termination on
ge di

IEC 0514/14

port

e at
1 %.
plow
The
and
with
for
the
B dB

the

n factor and helps to keep disturbance from the mains port below a critical

.%ﬁtjer suppression can be achieved by additional filtering.
AN

Remarks from manufacturers have shown that the value of 40 dB can easily be achieved if not
yet fulfilled by the addition of e.g. a capacitor between the mains port terminal and ground.
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Annex |
(informative)

Rationale for the introduction of a phase tolerance
for the V-AMN input impedance

For CISPR 16-4-2, the amount of Ug gpr Was calculated based on the assumption of an
“uncertainty circle” AZ;, (see Figure l.1), which can also be redefined as an impedance

tolerance-—circle.

imp
exis
pha
from

CIS

influ
4-1:

whe

Exiiting network analyzers however do not allpw specification of a tolerance circle for

con(iiucted emission measurements using a V-AMN. For the purpose of explaining

Phase boundaries ) .
Magnitude boundaries

A .
Tolerance circle
(CISPR 16-4-2)
25Q AZ

3 ?,

§ AMN impedance

S

(]

@

PaMN
0Q 50 Q

IEC 0515/14

Figure 1.1 — Definition of impedance magnitude and phase tolerances

dance. Additional software would be rgduired for that purpose. Therefore the use of
ling specification of the magnitude tolerance and the addition of a specification of
be tolerance are advisable. Using tsigonometric functions, a value of Ap = 11,54° fol

Alz|/|z|=02.
PR/TR 16-4-1 can be takéh*as a theoretical basis for uncertainty and reproducibilit

ence of deviations from the specified phase of a V-AMN, Equation (15) of CISPR/TR
P009 can be used:

AVm_Zd0+Z13(Aa+AUd]+ Zo (AZin_AZd]

the
the
the
ows

y of
the
16-

VX" Zda+Zin \ @0 Vao ) Zd+Zin\ 213 Zdo
e

Vint is the true voltage reading at the CISPR receiver in the ideal situation;

Z43 is the ideal impedance of the V-AMN;

Zin =Z43 + AZjp

Zao0: Vdo are the true values of the disturbance source (i.e. the EUT)
parameters;

ag is the true value of the V-AMN voltage division factor;

AV, Aa, are deviations from the true or ideal values.

AVy, AZ;p,

AZg
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Because we are interested in the effect of the phase tolerance on the uncertainty, the
contributions Aa, AVy and AZy may be set to zero and based on Equation (17) of
CISPR/TR 16-4-1:2009 we get:

Vet Zd +Zin \ Z13 Zy3

The absolute value of the coefficient ¢, is shown as a function of the phase angle difference

?= Qzin — Pq0 = Pamn — PeuT Of the impedances of Z;, and Zyy = Zgyt in Figure 17 of
CISPRAR46-4-4:2000-for several-values—-of-theratiotZ 3yl

15"=al™
The|absolute value of ¢, has been calculated using a spread sheet for several vaIu@(f DEUT
(Oo, _450, _900), (DAMN (Oo, 300, 460), IZ13/Zd0| (0,1, 0,2, 0,4, 0,8, 1,0, 1,4) a&@gfor A¢AMN
(-23°; -11,5°;, 11,5°; 23°). For the purpose of this investigation, the absolu@ alue of| the
factor AZ;,/Z,3 has been set to 0,2 (i.e. to the maximum of the impedance magnifude
tolefance), i.e. N :

s/

AVm =|02|X0,2 Q"\% (|3)
Vent Q

N2

For p comparison of the voltage level deviations due to ph{@deviations, the logarithms have

been calculated as follows: (e)

QQ
Level deviation = 20 Ig(1 - ﬂ} \\Q
|4 S\\)

mt

<
Thellevel deviations have been compare }§\the results with Apapn = -23° and -11,5°, as|well
as for Appyn = 11,5° and 23°, e.g. ley viationy3. — level deviation4 5-.

K\

The|results thus obtained are:  xO

For eyt = 0° and payy = 0538Vel deviation,. — level deviationy 5 = 0,018 dB (max.)
For eyt = —45° and ppyN .= 46°: level deviationys. — level deviationy4 5o = 0,27 dB (max.)
For jpgyt = —45° and %\, = 30°: level deviation,3- — level deviationy4 5o = 0,86 dB (max.)

For gyt = -90° @Cf’AMN = 46°: level deviationy3- — level deviationy4 5o = 3,07 dB (max.)

Comment: t omparison of level deviations for Agpyyny = 11,5° and 23° shows that| the
reprpduci of measurements is not only influenced by the V-AMN impedance but alsp by
the fre cy (which determines ¢\ ) @and by the phase angle ¢g . The reader can egsily
undeéﬂ

Conclusion: The investigation above shows that it is not sufficient to specify a tolerance of the
magnitude of the V-AMN input impedance. Limiting the phase tolerance of the V-AMN input
impedance by using IApayn maxl = 11,5° does not cause a manufacturing problem for the
V-AMN, but improves the reproducibility of measurement for identical EUTs.
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Annex J
(informative)

Example CDNE set-up diagrams

J.1 CDNE-M2 and CDNE-M3

Examples of CDNEs for the mains connection of protection class | and class Il are shown in
Figyres J.1 and J.2.

Measuring port
CDNE metal case

A~
PE
EUT A \Ls N  AE/mains
~Le g L
T‘Lc:s ==Cy
IEC 0516/14
Key

C,, Cp GG =11F
Ly, L %y > 10 puH

b, Lg>5 uH

R, R, Ry=50Q

R, =833Q

A eas > 6 dB

PE = protective earth
N = neutral

L = line

NOTE “AE/mains” can include a.c. mains, d.c. supply as well as control/communication lines.

Figure J.1 — CDNE-M3 with internal attenuator a,,,,; of at least 6 dB
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Measuring port
CDNE metal case

[m |

Ameas

R3

Rq R

N
AE/maing

EUT

IEC 0517/14

Key

Cy, Cp, C5 Cy=1nF
Ly, Ly,>10 uH

Ly, Ly > 5 uH

Ry R,=500Q

Ry =750

A eas > 6 dB

N = neutral

L =line

NOTE “AE/mains” can include a.c. mains, d.c. supply as well as control/communication lines.

Figure 2.~ CDNE-M2 with internal attenuator a,,,,; of at least 6 dB
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J.2 CDNE-Sx

Figure J.3 shows an example of a CDNE-Sx for screened cables.

Measuring port
unng p CDNE metal case

ol
Connection
to cable screen
dmeas
) | Lem
EUT AE/mains
Screened
bulkhead Screened
connector bulkhead
Ferrite toroids connector
Isolation plate, Multi-conductor screened cable J—
shunt C <1 pF IEC 0518/14
Key
R, =100 Q
Lepy >10 puH
dmeas > 6 dB

NOTE *“AE/mains” can include AC mains, DC supply as wellas control/communication lines.

Figure J.3 — CDNE-Sx for screened:cable with x internal wires and an internal
attenuator of at least 6 dB
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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 1-2: Radio disturbance and immunity measuring apparatus —
Coupling devices for conducted disturbance measurements

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of (IE€ is to pro

is end and in addition to other activities, IEC publishes International Standards,,Technical Specifica
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter
the subject dealt with may participate in this preparatory work. International, governmental and
bvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordance with conditions determing
jreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
bnsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.
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C Publications have the form of recommendations for international use and are accepted by IEC Na
lommittees in that sense. While all reasonable efforts are made to ensure that the technical content o
ublications is accurate, IEC cannot be held responsible for the way in which they are used or fo
isinterpretation by any end user.

30O

order to promote international uniformity, IEC\National Committees undertake to apply IEC Publics
ansparently to the maximum extent possible*in their national and regional publications. Any diverd
btween any IEC Publication and the corresponding national or regional publication shall be clearly indicaf
e latter.
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EC provides no marking procedure to indicate its approval and cannot be rendered responsible fo
Huipment declared to be in conformity‘with an IEC Publication.

| users should ensure that they have the latest edition of this publication.
o liability shall attach to IEC or its directors, employees, servants or agents including individual expert
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees

kpenses arising outsof\the publication, use of, or reliance upon, this IEC Publication or any othej
ublications.
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International Standard CISPR 16-1-2 has been prepared by subcommittee A: Re

intel

International special committee on radio interference.

ference Teasurements —and—statisticat—methods,of T EC—techmica—committes—€1SPR:

This second edition cancels and replaces the first edition published in 2003 and its
Amendment 1 (2004) and Amendment 2 (2006). This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a)
b)

c)

requirements from CISPR 22 for the AAN have been copied to this standard;

the CDNE for measurement of disturbance voltage in the frequency range 30 MH
300 MHz is added;

additional maintenance is included.

z to
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It has the status of a basic EMC publication in accordance with IEC Guide 107,

Electromagnetic compatibility —

publications.

The text of this standard is based on the following documents:

FDIS Report on voting
CISPR/A/1051/FDIS CISPR/A/1059/RVD

Guide to the drafting of electromagnetic compatibility

Fullﬁmmmmm_mﬁmmmﬁm@mmmmt on
voting indicated in the above table.

A ligt of all parts of CISPR 16 series, under the general title Specification for radio
distiirbance and immunity measuring apparatus and methods, can be found\on the [IEC
webgite.

Thig publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
The|committee has decided that the contents of this publication «ill remain unchanged until
the |stability date indicated on the IEC web site under "http:/Awebstore.iec.ch” in the fata
related to the specific publication. At this date, the publication‘will be

* feconfirmed,

* \ithdrawn,

* feplaced by a revised edition, or

+ amended.

IMPODRTANT - The 'colour inside’' logo on the cover page of this publication indicates
that| it contains colours which~ are considered to be useful for the cornect
understanding of its contentsxUsers should therefore print this document using a

colqur printer.
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 1-2: Radio disturbance and immunity measuring apparatus —
Coupling devices for conducted disturbance measurements

1 Scope

Thig part of the CISPR 16 series specifies the characteristics and performance of €gquipment
for the measurement of radio disturbance voltages and currents in the frequency range 9|kHz
to 1|GHz.

NOTE In accordance with IEC Guide 107, CISPR 16 is a basic EMC standard for use by product committees of
the IEC. As stated in Guide 107, product committees are responsible for determining the\applicability of the |EMC
standard. CISPR and its sub-committees are prepared to co-operate with product comniittees in the evaluatipn of
the vplue of particular EMC tests for specific products.

Spectifications for ancillary apparatus are included for artificialmains networks, current|and
voltage probes and coupling units for current injection on cables.

It is[intended that the requirements of this publication are(fulfilled at all frequencies and fqgr all
levels of radio disturbance voltages and currents within the CISPR indicating range of| the
measuring equipment.

Methods of measurement are covered in the CISPR 16-2 series, and further information on
radip disturbance is given in CISPR 16-3, while uncertainties, statistics and limit modellind are
covered in the CISPR 16-4 series.

2 |Normative references

The|following documents, in whaole or in part, are normatively referenced in this document|and
are |ndispensable for its application. For dated references, only the edition cited applies.| For
undated references, the- latest edition of the referenced document (including [any
amegndments) applies-

CISPR 16-1-1:2010, Specification for radio disturbance and immunity measuring appargtus
and|methods &-Part 1-1: Radio disturbance and immunity measuring apparatus — Measyring
apparatus

CISPR/ 16-2-1:2014, Specification for radio disturbance and immunity measuring appargtus
and|methods — Part 2-1: Methods of measurement of disturbances and immunity — Conducted
disturbance measurements

CISPR 16-4-2:2011, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 4-2: Uncertainties, statistics and limit modelling — Measurement
instrumentation uncertainty

IEC 60050 (all parts), International Electrotechnical Vocabulary (available at
<http://www.electropedia.org>)

IEC 61000-4-6:2008, Electromagnetic compatibility (EMC) - Part 4-6: Testing and
measurement techniques — Immunity to conducted disturbances, induced by radio-frequency
fields
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3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050, as well as
the following apply.

3141

ancillary equipment
transducers connected to a measuring receiver or (test) signal generator and used in the
disty } } = j

Note|1 to entry: Examples of transducers are current and voltage probes and artificial networks.

3.1.4
assopciated equipment
AE
apparatus that is not part of the system under test but is required for the functioning of the
EUT

3.1.3
asymmetric voltage
radip-frequency disturbance voltage appearing between the electrical mid-point of the miins
terminals and ground, sometimes called the common mode«voltage

Note|1 to entry: If V, is the vector voltage between one of thelmains terminals and ground, and V| is the viector
voltage between the other mains terminal and ground, the asymmetric voltage is half the vector sum of 7, and V,,
i.e. (¥, + Vp)2.

314
symmetric voltage
radip-frequency disturbance voltage appearing between the two wires in a two-wire cirguit,
such as a single-phase mains supply,.sometimes called the differential mode voltage

Note|1 to entry: The symmetric voltage isthe vector difference (V, - 7,).

3.1.9
unsymmetric voltage
amplitude of the vector.voltage, V', or V|, defined in 3.1.3 and 3.1.4

Note[1 to entry: The unsymmetric voltage is the voltage measured by the use of an artificial mains V-network

Note|2 to entry: <See notes in 3.1.3 and 3.1.4 for details on V_ and V.

3.1.

artificiallmains network
AM

network that provides a defined impedance to the EUT at radio frequencies, couples the
disturbance voltage to the measuring receiver, and decouples the test circuit from the supply
mains

Note 1 to entry: There are two basic types of this network, the V-network (V-AMN) which couple the unsymmetric
voltages, and the delta-network (A-AMN), which couple the symmetric and the unsymmetric voltages separately.

Note 2 to entry: The terms line impedance stabilization network (LISN) and V-AMN are used interchangeably .
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317
asymmetric artificial network
AAN
network used to measure (or inject) asymmetric (common mode) voltages on unshielded
symmetric signal (e.g. telecommunication) lines while rejecting the symmetric (differential
mode) signal

Note 1 to entry: The term “Y-network” is a synonym for AAN.

3.1.8

auxiliary equipment

AuxEq

peripheral equipment that is part of the system under test

3.1.9

coupling/decoupling network

CDN

artificial network for the measurement or injection of signals on one circuit“while prever

sign

ls from being measured or injected on another circuit

3.1.10
CDNE-X
coupling/decoupling network for emission measurement in~the” frequency range 30 MH

ting

z to
htrol
able

300|MHz; where the “X” suffix can be “M2” for unscreened’ two-wire mains, DC or co
ports, “M3” for unscreened three-wire mains, DC or contra) ports, and “Sx” for screened ¢
with|x internal wires

Note[1 to entry: See Annex J for further details on the CDNE=X.

3.1.11

equjpment under test

EUT

equipment (devices, appliances and systems) subjected to EMC (emission) compliance tes
3.1.12

imppdance measurement adaptor

IMA

metallic vertical plane, Q,1.m by 0,1 m, bonded to the reference ground plane, which confains

con

ection ports for a-network analyzer and a CDNE

3.1.13
longitudinal conversion loss

LC

in aj one-"or two-port network, a measure of the degree of unwanted transverse (symm
mode)/sighal produced at the terminals of the network due to the presence of a longitud
(asymmetric mode) signal on the connecting leads

Note

etric
inal

1 to entry: LCL is a ratio expressed in dB.

[SOURCE: ITU-T Recommendation 0.9 [8] 1)]

17 N

umbers in square brackets refer to the Bibliography.
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3.1.14

reference ground plane

RGP

flat conductive surface that is used as a common reference and that allows a defined parasitic
capacitance to the surroundings of an EUT

Note 1 to entry: A reference ground plane is needed for conducted emission measurements, and serves as
reference ground for the measurement of unsymmetrical and asymmetrical disturbance voltages.

3.2 Abbreviations

The folowina-arae-—abbroaviatione ucad in thi tand
rOToYW I gt e PPre v oSSt T

AN Artificial network
CVH Capacitive voltage probe

E.m|f. Electromotive force

ISN Impedance stabilization network
ITE Information technology equipment
LCL Longitudinal conversion loss

NWA Network analyser
PE Protective earth

RF Radio frequency

4 J|Artificial mains networks

4.1 General

An artificial mains network is\required to provide a defined impedance at radio frequencigs at
the ferminals of the EUT, to.isolate the test circuit from unwanted radio-frequency signals on
the supply mains, and to.couple the disturbance voltage to the measuring receiver.

Thefe are two basic types of AMN, the V-network AMN (V-AMN), which couples| the
unsymmetric voltages, and the delta-network AMN (A-AMN), which couples the symmetric|and
the asymmetrig-voltages separately.

For pach mains conductor, there are three terminals: the mains terminal for connection tq the
supphlydnains, the equipment terminal for connection to the EUT, and the disturbance odtput
terntimat-forconmectiomtothe measuringequipment:

NOTE 1 Examples of circuits of AMNs are given in Annex A.

NOTE 2 This clause specifies impedance and isolation requirements for the AMN including the corresponding
measurement methods. Some background and rationale on the AMN related uncertainties are given in 6.2.3 of
CISPR/TR 16-4-1:2009 and in CISPR 16-4-2.

4.2 AMN impedance

The specification of the impedance of an AMN includes the magnitude and the phase of the
impedance measured at an EUT terminal with respect to the reference ground, when the
receiver port is terminated with 50 Q.
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The impedance at the EUT terminals of the AMN defines the termination impedance
presented to the EUT. For this reason, when a disturbance output terminal is not connected to
the measuring receiver, it shall be terminated by 50 Q. To assure accurate termination into
50 Q of the receiver port, a 10 dB attenuator shall be used either inside or external to the
network, the VSWR of which (seen from either side) shall be less than or equal to 1,2 to 1.
The attenuation shall be included in the measurement of the voltage division factor (see 4.11).

The impedance between each conductor (except PE) of the EUT terminal and the reference
ground shall comply with the provisions of 4.3, 4.4, 4.5, 4.6 or 4.7, as appropriate, for any
value of external impedance, including a short circuit connected between the corresponding
mains terminal and reference ground. This requirement shall be met at all temperatures which

the hetwork may reach under normal conditions for continuous currents up to the spec

max]

Whe
accq
calc

NOT
netw
(opet
loss

4.3

The
sho
mag

imum. The requirement shall also be met for peak currents up to the specified maximu

re the phase requirement cannot be met, the measured phase angles shall"be taken
unt in the uncertainty budget according to CISPR 16-4-2. Annex | gives dguidelines fo
ulation of the uncertainty contribution of the phase if the tolerance is exceeded.

F Because EUT connectors are not optimized for radio frequencies up to 30 MHz, the measurement ¢
brk impedance is carried out with special measurement adaptors to enable short-length connections. The
/short/matched) calibration of the network analyzer is used to characterize\the adaptors, taking the insq
hnd the conductor lengths of the adaptors into account.

50 /50 pH + 5 Q artificial mains V-network (V-AMN) for use in the frequency ra
9 kHz to 150 kHz

vn in Table 1 and Figure 1 in the relevant frequency range. Tolerances of = 20 % for
nitude and + 11,5° for the phase are permitted.

Table 1 — Magnitudes and phase-angles of the V-network (see Figure 1)

fied
m.

into
the

f the
OSM
rtion

hge

AMN shall have the impedance (magnitude ahdvphase) versus frequency characteristic

the

NOTE

Frequency Impedance magnitude Phase angle
MHz Q Degrees
0,009 5,22 26,55
0,015 6,22 38,41
0,020 7,25 44,97
0,025 8,38 49,39
0,030 9,56 52,33
0,040 11,99 55,43
0,050 14,41 56,40
0,060 16,77 56,23
0,070 19,04 55,40
0,080 21,19 54,19
0,090 23,22 52,77
0,100 25,11 51,22
0,150 32,72 43,35

range 150 kHz to 30 MHz as well.

If this AMN meets the combined impedance requirements of 4.3 and 4.4., it can be used in the frequency
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4.4 50 Q/50 pH artificial mains V-network (V-AMN) for use in the frequency range
0,15 MHz to 30 MHz

The AMN shall have the impedance (magnitude and phase) versus the frequency
characteristic shown in Table 2 and Figure 2 in the relevant frequency range. Tolerances of
+ 20 % for the magnitude and + 11,5° for the phase are permitted.

Table 2 — Magnitudes and phase angles of the V-network (see Figure 2)

Frequency Impedance magnitude Phase angle
MH= fa) nngmne
0,15 34,29 46,70
0,17 36,50 43,11
0,20 39,12 38,51
0,25 42,18 32,48
0,30 44,17 27,95
0,35 45,52 2445
0,40 46,46 21,70
0,50 47,65 17,66
0,60 48,33 14,86
0,70 48,76 12,81
0,80 49,04 11,25
0,90 49,24 10,03
1,00 49,38 9,04
1,20 49,57 7,56
1,50 49,72 6,06
2,00 49,84 4,55
2,50 49,90 3,64
3,00 49,93 3,04
4,00 49,96 2,28
5,00 49,98 1,82
7,00 49,99 1,30
10,00 49,99 0,91
15,00 50,00 0,61
20,00 50,00 0,46
30,00 50,00 0,30
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4.5 50 Q/5 pH + 1 Q artificial mains V-network (V-AMN) for use in the frequency range
150 kHz to 108 MHz

The AMN shall have the impedance (magnitude and phase) versus the frequency
characteristic shown in Table 3 and Figure 3. Tolerances of + 20 % for the magnitude and
+ 11,5° for the phase are permitted.

Table 3 — Magnitudes and phase angles of the V-network (see Figure 3)

Frehqntll_lency Impedance magnitude Ph:se angle
..... Z Begrees
0,15 4,70 72,74
0,20 6,19 73,93
0,30 9,14 73,47
0,40 12,00 71,61
0,50 14,75 69,24
0,70 19,82 6407
1,00 26,24 56,54
1,50 33,94 46,05
2,00 38,83 38,15
2,50 41,94 32,27
3,00 43,98 27,81
4,00 46,33 21,63
5,00 47456 17,62
7,00 48,71 12,80
10,00 49,35 9,04
15,00 49,71 6,06
20,00 49,84 4,55
30,00 49,93 3,04
50,00 49,97 1,82
100,00 49,99 0,91
108,00 49,99 0,84
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igure 1 — Impedance (magnitude and phase) of the V-network for Band A (see 4.3
the relevant frequency range is from 9 kHz to 150 kHz)
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igure 2 — Impedance (magnitude and phase) of the V-network for Band B (see 4.4
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Figure 3 — Impedance (magnitude and phase) of the V-network-for Bands B and G
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(from 150 kHz to 108 MHz; see 4.5)

150 Q artificial mains V-network (V-AMN) for use in(the frequency range 150 kH
to 30 MHz

network shall have an impedance of magnitudey(*150 + 20) Q with a phase angle
eding 20°.

150 Q artificial mains delta-network (A-AMN) for use in the frequency range
150 kHz to 30 MHz

General parameters

network shall have an impedance of magnitude (150 = 20) Q with a phase angle
eding 20°, both between:lthe equipment terminals and between the two equipn
inals joined together and.the reference ground.

the measurement.of the symmetric voltage, a screened and balanced transformg
ired. To avoid @ppreciable modification of the impedance of the network, the i
dance of the transformer shall be not less than 1 000 Q at all frequencies concerned.
ge measured by the measuring receiver depends on the network component values
ransformérratio. The network shall be calibrated.

Balance of the 150 Q artificial mains delta-network

N

not

not
nent

ris
nput
The
and

The

1 ! £l 4 . 41 4 ! () H :
UalditetT Ul 1T SySITITT CUTTTPTISTTTY UIT TIStWUTR altu Ui 1miedsurintty Teleivel CUTITT

ted

thereto via the transformer shall be such that the measurement of symmetric voltage shall be
substantially unaffected by the presence of an asymmetric voltage. The balance shall be

mea

sured using the circuit shown in Figure 4.
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Measuring apparatus

®

a

D

IEC 0458/14

Figure 4 — Method for checking the balance of the arrangement for the measureme

A voltage V3 is injected from a generator having an internal impedance, of 50 Q, betw
refefence ground and the common point of two resistors each 200 Q #.1 %. The other en
these resistors is connected to the equipment terminals of the AMN.

A vd

shall be greater than 20:1 (26 dB).

4.8
4.8.1

unk
(ded
of th
the

Add
the

To Insure that at any test frequency, unwanted’ signals existing on the mains side and

R are resistors of 200 Q equal to each other within 1 %

P1 and P2 are terminals of network for connection of device

of symmetrical voltages

Itage Vg is measured in the position for symmetric voltagemieasurement. The ratio V]

Isolation

Requirement

own impedance of the supply mains do-hot affect the measurement, a minimum isol3
oupling factor) between each mains terminal and the receiver port for a given terming
e relevant terminal of the EUT port.shall be met. See Table 4. The requirement appliqg
/-AMN itself excluding additional external cables and filters.

tional filtering external to the.AMN may be required for the suppression of disturbanc
mains port (see CISPR 16-2-1 for practical requirements).

Table'4 — Values of minimum isolation for V-networks

CISPR 16-1-2 © IEC:2014

een
d of

5/Vs

the
tion
tion
s to

1Y%

on

4.8.2

Subclause Type of V-network Frequency range Minimum isolation

MHz dB

43 50 Q /50pH + 5 Q 0,009 to 0,05 0 to 40°
0,05 to 30 40
4.4 50 Q /50 pH 0,15 to 30 40

45 50Q /5 uH+1Q 0,75t 3 0 to 407
3 to 108 40

? These values indicate that the minimum isolation rises linearly with the logarithm of frequency

Measurement procedure

The test setup is shown in Figure H.1. For the measurement, first a signal V; is measured
across a load impedance of 50 Q with a source impedance of 50 Q. Then this signal source
shall be connected between the relevant mains terminal and reference ground, the relevant
EUT terminals shall be terminated with 50 Q, and the output voltage V', shall be measured at
the receiver port (terminated with an impedance of 50 Q). The attenuation of the 10 dB
attenuator described in 4.2 shall be added to the isolation requirement. The isolation
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requirement shall be met for all mains and EUT terminals. If the termination of the other mains
terminals affects the measurement result, then the requirement shall be met with the other

main

s terminals open and shorted.

The following equation shall be met:

(1)

where
V4 is the reference voltage at the mains terminals in dB(uV);
Vs is the output voltage at the receiver port in dB(uV);
Fp is the minimum isolation (decoupling factor) requirement in dBj
A is the attenuation of the built-in attenuator in dB.
NOTE Because EUT connectors are not optimized for radio frequencies up to4306-MHz, the measurement qf the

netwprk isolation are carried out with special measurement adaptors to enable short-length connections)
meagurement of 7, is made with the adaptor connected to the source.

4.9

The

voltage applied to the EUT when passing continuods currents up to the maximum shall bg

less

4.10

The
the

rela
Figu

impedance conforming to thelimpedance requirement of 4.3 or 4.4, as appropriate for
frequency range.

NOT

maing V-network is notinserted.

reference ground conductor in the*AMNSs in 4.3 and 4.4, following the requirements o

Current carrying capacity and series voltage drop

maximum continuous currents and the maximum“peak current shall be specified.
than 95 % of the mains voltage at the mains:terminals of the AMN.

Modified reference ground connection
measurement of some types of equipment may require the insertion of an impedand

ed product publications. This,ishinserted at point X marked in the reference ground led
res 5 and 6, respectively. The impedance to be inserted is either a 1,6 mH inductor, g

When considering“the frequency range 9 kHz to 150 kHz, for safety reasons the 5 Q resistor of the art

The

The
not

e in
the
din
ran
the

ficial
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Figure 5 — Example of artificial mains 50 Q/50 yH> 5 Q V-network
(see 4.3 and A.2)
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Figure.6 — Example of artificial mains V-networks, 50 /50 puH, 50 Q /5 pyH + 1 Q or 15|0 Q
(see 4.4, 4.5, 4.6, A3, A4 and A.5, respectively)

4.11 Measurement of the voltage division factor of artificial mains V-networks

The voltage division factor between the EUT port of the V-network and the RF output port
shall be measured and taken into consideration during the measurement of the disturbance
voltage. A procedure to measure the voltage division factor is contained in A.8.
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5 Current and voltage probes

5.1
5.1.1

Current probes

General

The asymmetrical disturbance currents of cables can be measured, without making direct
conductive contact with the source conductor and without modification of its circuit, by use of
specially developed clamp-on current transformers. The utility of this method is self-evident;
complex wiring systems, electronic circuits, etc., may be measured without interruption of the
normal operation or configuration. The current probe is constructed so that it may be

con
one+

Curn
alth
curr
for @

turn primary winding. The secondary winding is contained within the current probe.

ent probes can be constructed for measurements in the frequency range 30 Hzto™1 000 N
bugh the primary measurement range is 30 Hz to 100 MHz. Beyond 100 MHz the stan
bnts in conventional power systems require that the current probe location be optim
etection of the maximum current.

eniently clamped around the conductor to be measured. The conductor represents a

Hz,
ding
ized

Current probes are designed to provide a flat frequency response over a passband. At

frequencies below this flat passband, accurate measurementsncan still be made but |with

decneased sensitivity due to reduced transfer impedances. (A{* frequencies above the| flat

passband, measurements are not accurate due to resonances,in the current probe.

With an additional shielding structure, a current probe may be used to measure either| the

asymmetrical (common mode) or symmetrical (diffefential mode) current. Some construgtion

detdils are provided in B.5.

5.1.2 Construction

The| current probe shall be constructed\so as to enable the measurement of the cufrent

withput disconnecting the lead under mieasurement.

Anngx B contains some typical constructions of current probes.

5.1.3 Characteristics

Insefrtion impedance 1 Q impedance maximum

Transfer impedance 0,1 Q to 5 Q in the flat linear range; 0,001 Q to 0}]1 Q
below the flat linear range (current probe terminated
into 50 Q load)
NOTE The reciprocal transfer admittance [in dB(S)] can be |used
instead. When expressed in _decibels, the admittance is addgd to
the reading of the measuring receiver. For the calibration of the
transfer impedance or admittance, a jig designed for the purpose
is used. See Annex B.

Added shunt capacitance Less than 25 pF between the current probe housing
and measured conductor.

Frequency response Transfer impedance is measured over a specified

frequency range to calibrate the probe; the rang

e of

individual probes is typically 100 kHz to 100 MHz,

100 MHz to 300 MHz, and 200 MHz to 1 000 MHz.

Pulse response Under consideration.
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The maximum d.c. or a.c. mains current in the primary
lead for a measurement error less than 1 dB shall be
specified.

Under consideration.

40 dB reduction in indication when a current carrying
conductor is removed from the current probe opening
to a position adjacent to the probe.

Influence of electric fields

Influence of orientation

Curnent probe opening

5.2 | Voltage probe

5.2.1 High impedance voltage probe

Not susceptible to fields < 10 V/m.

Less than 1 dB up to 30 MHz and 2,5 dB from 30 MHz
to 1 000 MHz, when used on a conductor.’of any [size
placed anywhere inside the aperture.

At least 15 mm.

Figure 7 shows a circuit that is used to make voltage:measurements between a mjins
condluctor and the reference ground. The probe consists of a blocking capacitor C and a
resistor, such that the total resistance between lingtand ground is 1 500 Q. The probe may
also|be used to make measurements on other lines){and for certain applications its impedance
may| need to be increased to avoid excessive loading of high impedance circuits. An ind{ctor
may| have to be connected across the input of-the measuring apparatus, for safety reasong; its

inductive reactance, X, should be much greater than R.
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Supply mains

Xc<1500Q == C

(1500 - R) Q

Measuring apparatus

IEC 0461/14

NOTE V= v

Vv is the disturbing voltage;

m is the voltage at the input of the nfeasuring apparatus.

Figure 7 — Circuit for RF-voltage measurement on supply mains

For [calibration of voltage probes, the voltage division factor shall be measured in a 50 Q
system over the frequency\range of 9 kHz to 30 MHz. The effect on the accuracy of
megsurement of any device-that may be used for protection should either be less than 1 dB,
or be allowed for in calibration. Care shall be taken to ensure that the level of disturbange is
accurately measured™jn the presence of the ambient noise, to make the measurement
medningful.

The| loop formed by the lead connected to the probe, the mains conductor tested |and
refefence_greund should be minimized, to reduce the effects of any strong magnetic fields

5.2.3 Capacitive voltage probe

5.2.2.1 General

The asymmetrical disturbance voltages of cables can be measured without making direct
conductive contact with the source conductor, and without modification of its circuit by the use
of a clamp-on capacitive coupling device. The usefulness of this method is self-evident;
complex wiring systems, electronic circuits, etc., may be measured without interruption of the
normal operation or configuration of the EUT or the need to cut the cable to insert a
measuring device. The capacitive voltage probe (CVP) is constructed so that it may be
conveniently clamped around the conductor to be measured.

The CVP is used for measurements of conducted disturbances in the frequency range
150 kHz to 30 MHz with an almost flat frequency response in the frequency range of interest.
The voltage division factor, which is defined as the ratio of the disturbance voltage on the
cable to the input voltage at the measuring receiver, depends on the type of cable. This


https://iecnorm.com/api/?name=1fd38c5ae6a11afe392c37716ba6254f

- 24 - CISPR 16-1-2 © IEC:2014

parameter should be calibrated over a specified frequency range for each cable type, using
the method described in Annex G.

The CVP may need additional shielding to provide sufficient isolation from the asymmetrical
(common mode) signal around the cable (see 5.2.2.3). Annex G contains an example of the
construction and a method of measurement for the isolation.

This CVP can be used to measure the disturbances at telecommunication ports. The minimum

mea

surable level is typically up to 44 dB(uV).

5.2.

The
disc
volt
cap
resis
flat 1

Ann

.2 construction

CVP shall be constructed so as to enable the measurement of the voltage ‘wit
ge measurements between a cable and reference ground. The probe-consists
citive coupling clamp which is connected to a trans-impedance amplifier. The i

stance Ry of this amplifier shall be large enough compared to the reactance X to obtg
requency response.

ex G provides instructions for the typical construction and verification of the CVP.

Capacitive coupling clamp

hout

bnnecting the cable under measurement. Figure 8 shows a circuit that is used'to make

bf a
nput
in a

Cable N
A
14
7777
Ry >> Xg Measuring receiver
_ 1
jw(Cp +C5i @
vV
Feyp = 201g—
cvp g v
Cy,+Cg +C
= 2o|g( P S JL
C Gy
J7/7 IEC  0462/14

Key
C Capacitance between cable and clamp
Cp Capacitance of trans-impedance amplifier
Cq Capacitance between probe and ground
Fcvp Voltage division factor
Gp Gain of trans-impedance amplifier
Rp Resistance of trans-impedance amplifier
v Disturbance voltage
Vm Voltage at the input of the measuring receiver

Figure 8 — Circuit used to make voltage measurements between a cable
and reference ground
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5.2.2.3 Requirements

Added shunt capacitance

Frequency response

Pulse response

Influence of electric field

and the cable under test.

Voltage division factor, Foyp= 20 Ig|V/ V,,, | in dB (see
Figure 8), is measured over a specified frequency ran

Less than 10 pF between the grounding terminal of CVP

ge.

Maintain linearity for the pulse determined by the method
in Annexes B and C of CISPR 16-1-1:2010 for Band B.

The voltage indication is reduced by more than 20 dB

cou
the

Ccv

[ap
eleq
Fig

6

6.1

The
and
effe
betw

appl
freq
Ann
cong

6.2
6.2.1

The
0,15

6.2.2

In th
in p

(inf'lu?"w caused-byetectrostatic—yRen —a  cable 1s removed from the CVP.
pling with other cables near measurement method is described in Annex G.
probe)
P aperture or opening

erture when the two coaxial
trodes open at the slot (see
ire G.1)]

At least 30 mm.

Coupling units for conducted current immunity measurement

General

coupling units are designed to inject the disturbancexcurrent on to the leads under
to isolate the other leads and any apparatus which-is connected to the EUT from
cts of these currents. With a 150 Q source impedance, there is a useful correls
een the RF disturbance field strength acting ©n "a real installation and the e.m.f. th

liencies up to 30 MHz. The immunity of anapparatus is expressed by this e.m.f. va
exes C and D give the principles of operation and examples of types of units and
truction.

Characteristics
General

performance checks of the coupling units are done for impedance in the frequency r3
MHz to 30 MHz and for insertion loss in the frequency range 30 MHz to 150 MHz.

Impedance

e frequency-range 0,15 MHz to 30 MHz, the total asymmetric impedance (RF choke
arallel with the 150 Q resistive disturbance source impedance) measured between

magnitude of 150 Q + 20 Q and a phase angle less than + 20° (this impedance is the sam

the

poir{of injeetion of the disturbance signal to the EUT and the ground of the unit shall ha

The

test
the
tion
At is

ied in the current injection method to produce:the same degree of impairment, at leasft for

lue.
heir

nge

coil
the
ve a
e as

ISPR 150 Q artificial mains V-network; see 4.5).

For example, for coupling units type A and S, the point of injection is the shield of the output
connector; for types M and L, the point of injection is the joint output terminals.

6.2.3 Insertion loss

In the frequency range 30 MHz to 150 MHz, the insertion loss of two identical coupling units in
tandem shall be within the range 9,6 dB to 12,6 dB, measured as shown in Figure 9. The two
units shall be connected together with very short wires (< 1 cm).

The insertion loss Ug/Ug of two identical coupling units measured according to the setup of
Figure 9 should be within 9,6 dB and 12,6 dB in the frequency range 30 MHz to 150 MHz; Ug
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is the reading of the receiver when the generator and receiver are directly connected
together.

Equivalent circuit of the coupling units

50 Q A

L L

1 o | p— | o o 1 o

| I _‘_;_ | S| | S + y
1 ET Té 1

I
e ! 20 11 ! 20 L1 !

T SOt T + SOt 1 U8
] 1 1 |
I 1 I

Il Y,

IEC 0463/14

Figure 9 — Measuring set-up to check the insertion loss of the .coupling units
in the frequency range 30 MHz to 150 MHz

7 [Coupling devices for measuring signal lines

7.1 General

Thelinterference potential (and immunity) of signal)lines may be assessed by measurement
(or |njection) of the conducted disturbance voltage or current. For this purpose, coupling
devices are needed to measure the disturbafee component while rejecting the intentipnal
signlal on the line. The devices included are’to measure the electromagnetic emission|and
immunity (common and differential modes;current and voltage). Typical devices for these
kinds of measurements are current probes and asymmetric artificial networks (AAN
Y-networks).

or

o

NOTE 1 Requirements for AANs for, conducted immunity tests on signal lines can be found in IEC 6100D-4-6
(AANs are special versions of “coupling and decoupling devices” [so-called coupling/decoupling networks (CDNs)]).
An AAN that meets the requirements for emission measurements may also meet the requirements for immunity
testing.

NOTE 2 Signal lines includes telecommunication lines and terminals of equipment intended to be connectgd to
thesq lines.

NOTE 3 The terms\¥asymmetric voltage” and “common mode voltage” as well as “symmetric voltage’ and
“diffegrential mode“voltage” are synonyms, as defined in Clause 3.

NOTE 4 The\term “asymmetric artificial network (AAN)” is used as synonym for “Y-network”, which is in contrast
to V-petworks. and delta-networks. The T-network is a special version of the Y-network.

Whan q current probe is used and the limit value is specified in volts, the voltage valde is
divided by the impedance of the signal line or termination impedance, as specified by the
detailed measurement procedure, to obtain the limit value for the current. This impedance
may be common mode, as required by the detailed measurement procedure.

The specification for AANs is provided in 7.2. The differential mode to common mode
rejection (V4 /Vem) is crucial to the usability of the AAN. This parameter is related to the
longitudinal conversion loss (LCL). Examples of AANs and the required test and calibration
procedures are given in Annex E.

7.2 Requirements for AANs (or Y-networks)

AANs are used to measure (or inject) asymmetric (common mode) voltages on unshielded
symmetric signal (e.g. telecommunication) lines while rejecting the symmetric (differential
mode) signal.
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An AAN shall include the following properties when calibrated in accordance with the methods
of Annex E. In addition, the attenuation distortion or other deterioration shall not affect the
normal operation of the EUT.

a) AAN for measurements at ports intended for connection to category 6 (or better)

unscreened balanced pair cables:

The variation of the longitudinal conversion loss (a, ¢ ) with frequency f (in MHz) sha
defined by the following equation:

Il be

2
acL = 75—10'9[14—(%} —‘
L i

f<2MHZaLCLSi3dB

2 MHz < f< 30 MHz: a_ o, < *§dB

AAN for measurements at ports intended for connection to categery 5 (or be
Unscreened balanced pair cables.

The variation of the longitudinal conversion loss (a4, ¢ ) with frequency f (in MHz) sha
defined by the following equation:

2
acL = 65 - 10'9[14—[%) }

f<2 MHz: aLCLSi3dB

2 MHz < £'< 30 MHz: ;¢ < 14%¢B

AAN for measurements at portsCintended for connection to category 3 (or be
Unscreened balanced cables.

The variation of the longitudinal conversion loss (a| ¢ ) with frequency f (in MHz) sha
defined by the following equation:

f 2
aLcL =55-10Ig 1+[€j in dB

aLCLSi3 dB

tter)

| be

tter)

| be

NOTE The ‘above specifications of a  versus frequency are approximations of a . of typical unscrgened
balarjced,cables in representative environments. The specification in list item c¢) of 7.2 for category 3 cab
cons{dered representative of the a, , of typical telecommunication access networks.

es is

Figure 10 shows the general circuit diagram and graphical representation of a L
requirements for an AAN.
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90

— ) I
Asymmetrical A ated
EUT artificial ssociate
network equipment
o (AAN) |
Zeat |: Mesuring
receiver
— ——

IEC 0464/14

a) Principal circuit of the AAN (or Y-network) and its ports consisting
of a basic highly symmetric network and an (optional)
unbalanced network Z__,

80

70

60

acL (dB)

50

40

30

0,1

NOT
65 df

NOT

E 1

F 2

Frequency /' (MHz)

10

100

aLcL
aLcL
acL
aLcL

' aLCL
©aLCL

aLcL
acL
aLcL

This graphiis derived from the equations in 7.2, list items a), b), and c). The ideal values for 5

“TokNis/the tolerance specified in 7.2, list items a), b), and c).

b) Graph of requirements for 4, ;| of the AAN (Y-network)

, and 75 dB.are“shown as bold lines, while tolerance values are shown above and below the ideal values

75

75 -3 dB
75 + Tol
65

65 — 3 dB
65 + Tol
55

55 + 3 dB
55 — 3 dB

IEC 0465/14

b dB,
|

Figure 10 — Principal circuit and LCL requirements of an AAN

The characteristics of the AAN for the measurement of asymmetric (common mode)
disturbances shall cover the frequency range of the asymmetric disturbance voltages, as well
These

as the frequency

characteristics are given in Table 5.

range used for the transmission of the

intentional

signal.
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Table 5 — Characteristics of the AAN for
the measurement of asymmetric disturbance voltage

1) Termination impedance of basic network for asymmetric disturbance

voltage?@
. magnitude 150 Q@ £ 20 Q
. phase 0° + 20°

2) Longitudinal conversion loss (LCL) at the EUT port of the networkP (9 kHz to 150 kHz: to be defined);
0,15 MHz to 30 MHz: depending on
cable category as defined in 7.2¢

3) Decoupling attenuation for asymmetric signals between AE port and (9 kHz to 150 kHz: to be defined)
EYFport 65+5-tHzto—4+-5-tH=

> 35 dB to 55 dB increasing_linearly
with the log of frequency

> 1,5 MHz: > 55 dB

4) Insertion loss of the symmetric circuit between EUT and AE ports < 3 dBd

5) |Voltage division factor of the asymmetric circuit between EUT and Typically 9,5dB® + 1 dB
measuring receiver ports, to be added to the reading of the measuring

receiver

6) Symmetric load impedance of the network Depending on the system
specifications, e.g. 100 Q or 6P0 Q;
to be defined by the relevant
product standardsf

7) Transmission bandwidth for the intentional signal (analog or digitalh) Depending on the system
specifications for the symmetr{c
insertion loss, e.g. up to 2 MHg or
up to 100 MHz; to be defined by the
relevant product standards

8) Frequency rangef (1) Emission (0,009 MHz) 0,15 MHz to 30 MHz

(2) Immunity See e.g. CISPR 22 [5]

a2 |The asymmetric impedance of the AAN will narmally be influenced by the addition of an unbalanced network
Z,t according to Figure 10 a). This standard specifies the impedance tolerance for the basic network. The
unbalanced network for the AANs defined\i®’ list items a), b), and c) of 7.2 nominally changes the impedapce
by less than 10 Q, and the phase by less than 10°, so the given tolerance applies including the unbalanted
network. If a product standard specifies lower LCL values, e.g. if the unbalanced network changes [the
impedance nominally by more than. 10 Q, or the phase by more than 10°, the product standard shall thke
this into account when specifying’tolerances for impedance and phase, because a certain tolerance shquld
be left to the AAN manufactdrer.

b |Different concepts for_determination of conformance of equipment are in use, i.e. use an LCL of the AAN
higher than the available’LCL values of signal lines, or use the LCL to simulate available telecommunication
line categories. GISPR has decided to use the LCL to simulate the asymmetry of cable categories|for
emission tests,.whereas IEC Sub-Committee 77B recommends the use of an LCL of the AAN higher than
the cable category for immunity tests.

¢ |Generally, three factors have to be considered for LCL tolerances: the residual LCL of the basic AAN, |the
deviationsof the unbalanced network Z ., from nominal, and the uncertainty of LCL measurement. The
tolerances given in a product standard deviating from the values of 7.2 should take into account fhat
acceptable tolerances should increase with the required LCL and with frequency.

d  The actual requirements will depend on the specifications of the transmission system. Some transmission
systems allow insertion losses of up to 6 dB. The insertion loss caused by an AAN is dependent on source
and load impedances of the whole symmetric circuit. For lower/higher impedances the insertion loss will be
lower/higher, and should be given by the manufacturer, e.g. for 100 Q impedance. In addition, it will be
useful if manufacturers specify the phase characteristics of the AAN in its symmetric circuit.

€ The AAN shall be calibrated by measuring the voltage division factor in a test set-up according to
Figure E.6.

f More than one network may be used to cover the complete frequency range.
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7.3 Requirements for artificial networks for coaxial and other screened cables

Artificial networks (ANs) for coaxial and other screened cables are used to measure (or inject)
unsymmetric (common mode) voltages on the shield of (e.g. telecommunication or RF) cables
while passing the communication or RF signal through. The required characteristics are given
in Table 6.

NOTE In CISPR 22 [5] this type of network is called coaxial or screened cable impedance stabilization network
(ISN).

Table 6 — Characteristics of artificial networks for coaxial and other screened cables

1) Termination impedance of basic network for unsymmetric
disturbance voltage:2

. magnitude 150 Q +20 Q
. phase 0° + 20°

2) Decoupling attenuationb for unsymmetric signals between AE port (9 kHz to 150 kHz: to be defiped)
and EUT port. 0,15 MHz to 30 MHz: >40 dB

3) Insertion loss and transmission bandwidth for the intentional Defined, by system
(communication or r.f.) signal between EUT and AE ports, including requitementsc

characteristic impedance(s)

4) Voltage division factor of the unsymmetric circuit between EUT Typically 9,5 dBd
and measuring receiver ports, to be added to the reading of
the measuring receiver.

5) Frequency range (1) Emission (0,009 MHz) 0,15 MHz to 30 |MHz
(2) Immunity See e.g. IEC 61000-4-6
a  The asymmetric impedance of the AN will be determined by‘the 150-Q resistor in parallel with the choke and the

[¢]

bpacitance of the bulkhead connector to ground.

nce the coaxial cable shield at the AE port is(directly connected to the AN metal case, the decolpling
tenuation will not be a problem of the AN itself,"\The emission (or immunity) test set-up shall be such that the
inimum decoupling attenuation can be guaranteed.

300

¢ Insertion loss and transmission bandwidth, for the intentional (communication or RF) signal between EUT and
E ports as well as the characteristic_ impedances between shield and inner conductor(s) are not in the scqpe of
this standard. They should be defined according to system requirements.

>

d  The AN shall be calibrated by measuring the voltage division factor in a test set-up according to Figure F.2

8 [The artificial.hand and series RC element

8.1 General

In spmel product specifications the artificial hand is required for EUTs which do not have an
earthaground connected to the metallic parts of the EUT and which in normal use are hand-
held—Housings of piastic with—a conductive coating may aiSo require the use of the artificial
hand. The artificial hand is used in conducted emission tests in the frequency range of
150 kHz to 30 MHz (the most critical frequencies are 5 MHz to 30 MHz) to simulate the
influence of the operator's hands on the measurement results. The types of equipment to be
evaluated with the artificial hand are: electric tools, household appliances, such as hand-held
mixers, telephone handsets, joysticks, keyboards, etc.

8.2 Construction of the artificial hand and RC element

The artificial hand consists of a (strip of) metal foil of specified dimensions, which is placed on
or wrapped around that part of the equipment normally touched by the user's hand, in a
specific configuration, described as follows.
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The metal foil is connected in a specific configuration to the reference point of the disturbance
measuring system via an RC element consisting of a capacitor C = 220 pF + 20 % in series
with a resistor R =510 Q + 10 %; see Figure 11 a).

The strips of metal foil used to simulate the influence of a user's hand around an equipment
handle or an equipment body are typically 60 mm wide. In the case of a keyboard EUT, a
metal foil, or more practically a metal plate of maximum dimensions 100 mm by 300 mm, may
be placed on top of the keys. Examples are given in Figures 11 and 12.

The lead length between the RC element and the metal foil shall be 1 m. If the test set-up
reqLiu-,-a o iungcl tead icllgiil, thetotat-mductance of thetead—statt betesstham+4 ;,tH if the
frequency of measurement is near 30 MHz.

Whegn considering the total effect of the interconnecting wires as a single wire in\free sppce,
the {nductance L of the wire shall be less than 1,4 pH if the upper limit of the ffequency rgnge
in the conducted emission test is 30 MHz. For a given single-wire length,. this requirerent
allows calculating the minimum diameter d (in m) of the wires to be used by, Equation (2):

L- %H%j _1} H @
whefe
u =47x 107 H/m;
/ is the length of the wire in m;
d is the diameter of the wire’in-m.
NOTE When complying with the inductance_requirement of 1,4 puH, the impedance of the RC network suffic|ently

domi;ates at 30 MHz.

8.3 | The use of the artificial-hand

The|maximum length of wire between the RC element and the reference ground is generally
met|when the wire length*does not exceed 1 m. The RC element may, for example, be placed
either as close as possible to the metal foil, or as close as possible to the reference ppint.
The| correct choice~largely depends on the (generally unknown) internal common mode
impe¢dance of the‘disturbance source in the presence of the metal foil, and the charactelffistic
impgdance of\the transmission line formed by the connecting wire and its environment. I{ the
upper frequency range of the emission measurements is limited to 30 MHz, the position of the
RC element is not critical, and a practical position (also from a reproducibility point of viey) of
the RC<{element is inside the AMN or the LISN.

When the conducted emission at the mains port is measured, the reference point is the
reference ground in the AMN. When this emission is measured on a signal or control line, the
reference point is the reference ground of the AN. The general principle to be followed in the
application of the artificial hand is that terminal M of the RC element shall be connected to
any exposed non-rotating metalwork and to metal foil wrapped around all handles, both fixed
and detachable, supplied with the appliance. Metalwork which is covered with paint or lacquer
is considered exposed metalwork and shall be directly connected to the RC element.

The following items specify the detailed application of an artificial hand:

a) When the housing of the appliance is constructed entirely of metal and is earth-grounded,
an artificial hand is not required.
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When the case of the appliance is constructed of insulating material, metal foil shall be
wrapped around the handle B as in Figure 11 b) and c), and also around the second
handle D, if present. Metal foil 60 mm wide shall also be wrapped around the body C, as in
Figure 11 b) and c) at the point where the iron core of the motor stator is located; or
around the gearbox, if the latter gives a higher disturbance level. All these pieces of metal
foil, and the metal ring or bushing A, if present, shall be connected together, and to the
terminal M of the RC element.

When the case construction of the appliance is partly metal and partly insulating material,
and has insulating handles, metal foil shall be wrapped around the handles B and D as in
Figure 11 b). If the case is non-metallic at the location of the motor, a metal foil 60 mm

i h e wrapped around the baod he point where the iron core of the motor

ting
the
hall

s of
s in
igure 11 c¢), metal foil shall be wrapped around the handles A and B.'The metal foil gt A
and B and the metal body C shall be connected together and te terminal M of the] RC
¢lement.

igure 12 gives examples for a telephone handset and a kéyboard. For the handset/| the
60 mm wide foil is wrapped around the handle with some_overlap of the foil. In the cage of
a keyboard the foil or the PCB should fully cover the keys.as far as possible. Using a HCB,
he metal side has to be placed on the keyboard; it does not, however, need to exceed the
dimensions of 300 mm by 100 mm.
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\ and B: handles of insulating material

c) Portable electric saw

Figure 11 — Application of the artificial hand

a) RC element b) Portable electric drill
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60 mm Cross-section A-A

Telephone

wide

A —=-

e

wire ‘—\l_ £l L\

L = Circumference

220pF 5100

[| —
T

1

a) Application of artificial hand to telephone handset

IEC 0468/14

Control 1
cable Il
to ITE

LITT1] CAY ]

100 mm

300-mm

— IEC 0469/14

b) Application . ofjartificial hand to typical keyboard

The artificial hand\incorporates a metal foil, with the following dimensions:

a) 60 mm wide and greater than L in
length:

for parts of the equipment that are hand-
held during operation, or at a maximum
of four parts of a system under test.

b) 300 mm by 100 mm:

for keyboards, whereby the metal foil is
to be sized to cover the total number of
keys, or to partially cover the keyboard,
when the keyboard dimensions are
greater than the maximum foil size.

Figure 12 — Examples of application of artificial hand to ITE

9 CDNE for measurement of disturbance voltage in frequency range

30 MHz to 300 MHz

9.1 Instrumentation

9.1.1 General

The measurement method is described in Clause 9 of CISPR 16-2-1:2014.

The measurement method uses the following equipment:

— a CDNE-X and,
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— an RGP.

The technical requirements for this equipment are described in this subclause.

The CDNE couples asymmetric (common-mode) disturbance voltage from the EUT into the
input lead of the measuring receiver, and decouples that lead from any emissions or
influences present in the test environment. Any symmetric (differential-mode) disturbance
coming from the EUT is loaded either by a symmetric impedance of 100 Q at the EUT mains
port (CDNE-M2 and CDNE-M3), or by the symmetric load at the AE port of the CDNE-Sx (see
Annex J). The CDNE cannot be used for the measurement on mains lines which carry
intentional symmetric (differential mode) signals.

The|RGP is the reference for the measured asymmetric (common-mode) disturbance-voltage.

9.1.3 Description of the CDNE measurement
9.1.2.1 Range of application

The|CDNE is intended for the measurement of conducted disturbances;in the frequency rgnge
from 30 MHz to 300 MHz from an electrically small EUT with one ortwo connected calles.
Further the CDNE can be arranged between EUT and AE¢to decouple asymmetric
distdirbances from the AE and to stabilize the impedance.

NOTE An EUT is seen as electrically small if fulfils the conditions of 94 of CISPR 16-2-1:2014.
9.1.2.2 Measurement of disturbance voltage

The[CDNE allows measurement of the asymmetric 'disturbance voltage 7y generated by the
EUT| on the connected cable(s). This measurement takes into account the measuring recgiver
reading Veas and the voltage division factorcZzcpye. The voltage division factor Fopyg inf dB,
inclides the internal attenuator a,.,¢ Of atleast 6 dB, which is used to reduce the uncertainty
confributed by the mismatch between thec:CDNE and the measuring receiver.

The|result of the measurement is calculated as follows:
Viis = Vmeas + Fconeain dB(nV) (3)

9.1.2.3 Terminationiimpedance of the CDNE

The|internal impedance of the EUT at the connection point is generally unknown. For|this
reagon both thelreading and the reproducibility of the measurement results are highly
depéndent onithe CDNE termination impedance. The asymmetric (common-mode) termination
impedance was chosen to be 150 Q, giving the lowest uncertainty contribution relative tq the
establishied test method.

The CDNE-MZ and CDNE-M3for the mains port of the EUT provides a symmetric impedance
of 100 Q, which represents the symmetric impedance of most a.c. mains networks.

9.1.2.4 Decoupling attenuation of the CDNE

The unknown impedance of the AE and any emission from the AE can influence the
measurement result. This influence can be reduced by using an asymmetric attenuation
between the AE port and the EUT port. This asymmetric attenuation is typically realized with a
choke.

9.1.3 Description of the RGP

The RGP serves as the reference for the measured asymmetric disturbance voltage. The set-
up is placed on the RGP that is connected to the protective earth for safety of personnel and
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equipment. The CDNE is placed in direct contact (good electrical bonding) with this plane, to
ensure that it meets the specification for the asymmetric impedance. The EUT is positioned at
a defined distance above the RGP.

9.2 Technical requirements for the CDNE-X
9.21 Mechanical and electrical parameters

The CDNE is contained in a metallic case. The centre of the CDNE EUT port is

30 mm +100 mm above the RGP. This height allows for a typical impedance of 150 Q for the

conmected-cable:
For guidance, figures in Annex J provide examples of the construction of CDNEs.

Table 7 provides the electrical parameters and their specifications in the ffegquency range
from 30 MHz to 300 MHz.

Table 7 — Electrical parameters of the CDNE-X-

Phase angle: 0° = 25%

Parameter Value for CDNE-M2 and Value for CDNE-Sx
CDNE-M3
Asymmetric (common-mode) +10 +10
impedance Z,, at the EUT port 150 Q _gp Q 150 Q “39 Q

Phase angle: 0° £ 25°

Symmetric (differential-mode) 1000 +20Q not defined
impedance Z,, at the EUT port

Longitudinal conversion loss >20dB not defined
(LCL)

Tolerance of the voltage +1,5dB +1,5dB
division factor F g including

ameas

Decoupling attenuation « > 30 dB > 30 dB

decoup

In general the level of asymmetric voltage is higher than the level of unintentional symmgtric
voltage. Therefore a minimum LCL value of 20 dB is adequate to prevent any influencgs of
the [symmetric voltageson the measurement results. In contrast, the assessment of HUTs
using the differential-mode for communication on unscreened leads requires specific [LCL
values (minimum.and maximum value) of the CDNE.

NOTE 1 For the,EUT port of CDNE-M3, the minimum LCL value is not defined for L and PE, or N and PE.
NOTE 2 [Reproducible LCL measurements above 100 MHz are under consideration.
NOTE 3.¥The CDNE cannot be used for applications on a mains network with intentional differential mode signals,

e.g. where transmitting of a wanted differential signal would require a specific LCL, minimum and maximum value,
to take the network quality into account.

The attenuation a,,¢,¢ at the receiver port is used to reduce the measurement uncertainty
contributed by the mismatch between the CDNE and the measuring receiver. This attenuation
is preferably an internal component of the CDNE. If an external attenuator is used, it shall be
directly mounted on the CDNE receiver port, and this attenuator needs to be present during
calibration and measurement. The attenuation of a,.,5 Should be at least 6 dB.

9.2.2 Validation of the CDNE
9.2.2.1 General requirements

For the validation measurement, the CDNE shall be placed on an RGP, and its enclosure
bonded to this RGP.
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measurements of the asymmetrical voltage

refer to this RGP. The measurement

arrangement shall be as specified in Figure 7 of Clause 10 of IEC 61000-4-6:2008, and is
shown in Figure 13 with a different reference point of Z-g in front of the EUT port.

Receiver port

NOTE

9.2.

For
the 1

The
calif
next
othg
betw

IMA r‘f;] Metallic
o v
Y U mm = T | - /
o o J
[]
- T =
[] L o
::'(: . A
<] i
Reference e Y
point i . .
) Coupling decoupling |
Coaxial of Zce e network
connection . ';gr-[ [, W
(] N i B
i R n, - |
- ——]— T — |“ - _ e "f|: AE/mains port
>200 mm € o
» El I >200 mm |
S > Isolating material .
RGP
. ]
i . * " . . . . = |

“AE/mains” can include a.c. mains, d.c.‘supply as well as control/communication lines.

Figure 13 — Arrangement for validation of a CDNE

p.2 Calibration of the.network analyzer (NWA) at the reference point

the measurement ofithé asymmetric impedance at the reference point of Zog in Figurg
ollowing calibration*procedure shall be used:

effect of thezmeasurement cable (between the IMA and the NWA) is taken into accoun
rating the{NWA using the OPEN-, SHORT-, and MATCH-error-correction method.
step reguires connection of the IMA with the previously calibrated cable to the NWA.
r side,of the IMA shall be fitted with a connection plate including all adaptor parts that

een the IMA and CDNE during the measurement of the asymmetric impedance

H = aria-th ot sl

pha

P~ | (o o 4.4\ yoalidad o P TN thot 2N inaartad tnta th conneaet
T aryrce (STt TT I o CACTOUC U arc—arn partsS aratwim oC mTisStTtoU— oo Tc o oUTmTTo T to

got

0470/14

13,

t by
The
The
are
and
s of

the CDNE. This arrangement takes into account the electrical load between the calibrated

cabl

e and the measurement point at the input of the CDNE.

The electrical length shall be corrected by a delay time, which may be adjusted automatically
or manually depending on the measurement equipment used.
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In principle the connection plate will be upgraded {6, a asymmetric-mode adaptor (electrical connection bet
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according o JFigure 15. The test arrangement with the low capacitance balun shal
calibrated“using a 50 Q network analyzer with OPEN, SHORT, and MATCH using 100 ¢
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conmeeting the CDNE to the symmetric port of the balun

2.3 Asymmetric impedance Zqy

- 38 - CISPR 16-1-2 © IEC:2014

IMA

\E‘* 30 mm :_

.| Connection :
plate : Coupling decoupling
onnected - EUT network
fo NWA . port
AN L e [
| 4 " T Be———— Reference point of Zgg i | AE/maihs port
X o e
30 mm —x i
RGP \ >200 mm
\ = “\ N N N : ~

iy

ength x is related to the design of the EUT port connector and shall be as short as possible. Safety bg
bctors have a typical x value of 3 mm.

oupling decoupling network is not part of the set-up andds shown only for the positioning of the conng

set-up requires a connection plate without any parts that will be inserted into the connectors of the EUT

ind all lines of the EUT port) for the measurement of the asymmetric impedance and phase angle.

Figure 14 — IMA arrangement for correcting the electrical length

asymmetric impedance’ Zs),, at the CDNE EUT port shall be measured with
hgement provided in\Figure E.2.

p.4 Symmetric impedance of Zp,

symmetricZimpedance Zp), at the CDNE-M2 and CDNE-M3 EUT port shall be meas

symmetric port of the balun. The reflection coefficient p shall then be determined

U 0471/14
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ired
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D on
hfter
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. Termination
Network analyzer Low capacitance balun
Directional
coupler Open/short

50 Q:100 ©Q CDNE

EUT AE/
mains

RX

.

500

NOT

i
i -

IEC 0472/14

F “AE/mains” can include AC mains, DC supply as well as control/communication lines.

Figure 15 — Test arrangement for the measurement of the symmetric impedance (Z

The

symmetric impedance shall be calculated according to Equation (4) or will be displd

m)

yed

on the network analyzer.
1+p 1+(VR/VF)
Zom =204~ =207 YA (4)
- - R/ F

whefe pis the reflection coefficient and Z; is 400 Q.
9.2.2.5 Voltage division factor
The|voltage division factor Fopne of the CDNE is measured according to Figure E.6.
NOTIE 1 For this measurement, Feple is the same as the term a\giv used in Figure E.6.
NOTE 2 The generator impedance of 150 Q is typically accomplished with an additional 100 Q impedange in
seriep with the generator impedance. Because of the frequency range, this additional 100 Q is describgd by
S-pafameters that are used\for the specification of the voltage at the CDNE input.
9.2.2.6 Decoupling attenuation
The|decoupling attenuation ayecqyp Of the CDNE is measured using the set-up as shown in
Figure E.4For a CDNE with two or more wires, all wire ports shall be measured between the
EUT| port and the AE port.
NOTE ™ For this measurement, Fopyg IS the same as the term a g, "Used In Figure E.G.
9.2.2.7 LCL
The LCL of the CDNE is measured according to Annex E.

9.3

Technical requirement for the RGP

The only requirement for the metallic RGP is for size and its arrangement in the environment.
The RGP shall be at least 0,2 m larger at each side than the area determined by the test set-
up comprising the CDNE and EUT. The surface of the RGP shall also be such that it enables
a good electrical bonding of the CDNE, i.e. not painted or anodized.
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Annex A
(normative)

AMNs

General

This annex sets forth information and data concerning AMNs used in the measurement of

radi

currgnt-carrying capabilities of up to 500 A. This annex supplements the provision

Clal

sup
con
con

%uctors of the supply mains (symmetric) and between the electrical mid-point of
uctors of the supply mains and reference ground (asymmetric).

An AMN circuit shall provide firstly the specified impedance over the warking frequency ra

It s

b-frequency (RF) voltages over the frequency range 9 kHz to 100 MHz and hayving

5 of

se 4. Included are V-networks for voltage measurements between each conducter of the
ly mains and reference ground, and delta-networks for voltage measurements between

the

nge.

all provide sufficient isolation to spurious signals in the mains”supply (the spurfous

signpls generally should be at least 10 dB below the measurement level at the measyring
receiver). Also it shall prevent the mains voltage from being applied to the measyring
receiver. It should have these provisions for each conductor-of-the mains (two-wire in sirjgle-

pha

con$
con

the
don

A.2

Figure 5 shows a suitable circuit with the component values listed in Table A.1.
pargmeters L, Cq, R4, R4 and Rg define the impedance; L,, C, and R, provide the isolatig
spufious mains signals and mains impedance variations, and C3 decouples the measy
recdiver from mains voltage: The network may be constructed for use with currents u

100

e and four-wire in three-phase), a switch to connect the-measuring receiver to the m

case of two-wire single-phase mains; extensionvto four-wire three-phase use is si
(2

-

An example of the 50 Q/50 uH +5Q artificial mains V-network

A.

Table A.1'- Component values of 50 Q2/50 uH + 5 Q V-network

ins

uctor under measurement and to provide the correct termination to the other mjins
uctors. The circuits given in this annex have these features. These circuits are given for

ply

The
n to
ring
p to

Component Value
R, 50
R, 10Q
R,y 1000 Q
R, 50 O
Ry 50 Q (input impedance the measuring receiver)
C, 8 uF
C, 4 uF
Cy 0,25 pF
L, 50 uH
Ly 250 pH
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At the lowest frequencies of the range 9 kHz to 150 kHz, the 0,25 uF capacitance of C3 does
not have a negligible impedance. Unless otherwise specified, it will be necessary to make a
correction for this impedance.

Since C4 and C, have high capacitances, for safety reasons the network case should either
be solidly bonded to reference ground or a mains isolating transformer should be used.

The inductance L, should have a Q-factor not less than 10 over the 9 kHz to 150 kHz
frequency range. In practice, it is advantageous to use inductors coupled in series opposition
in the live and neutral lines (common-core choke).

A syitable construction for the inductor L, is described in Clause A.7. For equipment réquj|ring
currgnts greater than 25 A, difficulties may be encountered in the construction of Z%.”In|this
cas¢ the isolating section L,, C, and R, may be omitted. The effects will be that| the
impedance of the network at frequencies below 150 kHz may be outside~the tolerance
spegified in 4.3, and the isolation of mains noise may not be sufficient.

Thig circuit may also satisfy the requirements of the 50 /50 pH artificial mains V-netyork
speg¢ified in 4.4.

A.3| An example of the 50 /50 pH artificial mains V-network

Figure 6 shows the circuit with the component values as listed in Table A.2. Components L4,
C4, Ry, Ry and R, define the impedance. Unlike the previous example (i.e. see A.2), thefe is
no isolating section because the circuit is able to meet'the impedance specification. Howgver,
in cases of high ambient mains noise, a filter is<required to reduce the spurious signal Igvel.
Thig network may be constructed for use with currents up to 100 A.

Table A.2 - Component values of 50 /50 puH V-network

Component Value

R, 1000 O

) 50 Q

00

x| = | =
[

9

50 Q (input impedance of the measuring receiver)

00

o

1 uF

0,1 uF

N

IR BN

50 pH

-

Because C; has a high capacitance, for safety reasons the network case shall either be
solidly bonded to reference ground or a mains isolating transformer shall be used.

A suitable construction for the inductor L is described in Clause A.7.

A.4 Examples of the 50 Q/5 uH + 1 Q artificial mains V-network

The circuit of Figure 6 with the component values given in Table A.3 is suitable for
frequencies 150 kHz to 30 MHz, and currents up to 400 A.
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Table A.3 — Component values of 50 Q/5 pH + 1 Q V-network
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Component Value
R, 1000 Q
R, 50 O
R, 00
R, 50 Q (input impedance of the measuring receiver)
Ry 10
C1 2 HF \|||i||i|||u|||)
c, 0,1 uF
L, 5 puH
An alternative circuit with component values is shown in Figure A.1. It s suitable for| the
frequency range 150 kHz to 100 MHz, and for currents up to 500 A.
To measuring \_fl H
apparatus e 100 Q
A.,/ i R |
0,05 uF == -
=r=0,05 uF
To gppliance ) «( To supply or load
T 100 Q T
1
33 pF 100 100
100 @ |
' 0,25 pF ==
L 1 -
EC 0473/14
Coil dletails: 5 uH, 18 turns, & 6 mm wound on 50 mm diameter coilformer. Tapping points at 3, 5, 9 and 13,5 turns.
Figure A4~ Example of an alternative 50 Q/5 pH + 1 Q V-AMN for devices used
with low impedance power sources
A.5| “An example of the 150 Q artificial mains V-network

Figure 6 shows a suitable circuit. The component values are given in Table A.4.
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Figyre A.2 shows a suitable circuit. The component values are given in‘Table A.5.
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Table A.4 — Component values of the 150 Q V-network

Component Value
R, 1000 Q
R, 150 Q
Ry 100 Q
R, 50 Q (input impedance of the measuring receiver)
Ry 0Q
€3 +f
C, 0,1 uF
L, Suitable value to achieve the specified impedance

Example of the 150 Q artificial mains delta-network

|
N
wn
|
z
|
——d

i 2
L L | :1 l
————— 2 o
] | |
= C 1 I I
+—— ° I |
Additional I |
filter sections | - I I
| if required
L L JER _j
P - 2o
o 2 3
L B B ~ ~ _

T

Measuring receiver | e

IEC 0474/14

is\the connection for apparatus under test

for the symmetric component
for the asymmetric component
double pole double throw switch

measuring receiver input impedance

Figure A.2 — Example of a A-AMN for a measuring receiver with unbalanced input
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Component Value
R, R, 118,7 (120) Q
R, Ry 152,9 (150) Q
R, 390,7 (390) O
R, R, 275,7 (270) Q
Rg, Ry 22,8 (22) O
R R +07 8+ €
Ry, 50 Q
C, G, 0,1 uF
L, C suitable value to achieve the specified impedance
NOTE 1 The turns ratio of the balanced to unbalanced transformer is
assumed to be 1:2,5 with centre tap.
NOTE 2 Resistance values shown in brackets are the nearest preferred values
(+ 5 % tolerance).

Calqulations give the following network performance. Values\in brackets are based on| the
resistance values in brackets.

Attepuation: Symmetric 20 (209, dB
Asymmetric 20 (19,9) dB

Network impedance: Symmetric 150 (150) Q@
Asymmetric 150 (148) O

A.7| Example design-for an AMN with a 50 uH inductor

A7/ The indugctor

The|solenoidalwinding of the inductor shown in Figure A.3 consists of 35 turns of a sihgle
layer of 6 mm.diameter copper wire with an 8 mm pitch wound on a coilformer of an insulgting
material. lts;inductance is greater than 50 uH outside the metal case, and 50 uH insidg the
metal case:
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IEC 04

NOT
Indug

The
wing
grod

The
wing

imp
A.7.

The
is th
diss
sho

It is
to a
lead

tance is 50 puH £+ 10 %.

Figure A.3 — Schematic of 50 uH inductor

diameter of the inductor is 130 mm. To improve the electrodynamijc: stability of
ing, a 3 mm deep spiral groove is made in the coilformer, and the wire is laid in
ve.

higher frequency characteristics of the inductor are improved by sectionalizing
ing. Alternate sections, each of 4 turns, are each shuntedby a 430 Q resistor. Thesq

dance to deviate from the specified value at certain frequencies.

2 The case of the inductor

inductor and the other components of thecnetwork are mounted on a metal frame, wj
en closed by metal lids. The bottom and 'side lids are perforated to improve the
pation. The dimensions of the casexare 360 mm by 300 mm by 180 mm. Figure
Vs a general view.

recommended that the load-end terminals of the network be located as near as pos§
corner of that end of the case;-so that two or more networks may be assembled with s
s from these terminals tq-the socket to be used for attachment of the EUT.

r— Measuring receiver
f;_ i —— - |

75/14

Resistors R (430 Q + 10 %) are connected to taps at turns 4 and 8, 12 and 16, 20 and 24, 26~anf 32.

the
this

the
act

to 1uppress internal resonances in the inductor, which, atherwise would cause the ipput

hich
neat
A.4

sible
hort

/ = |
f i i
Lizl Supply 4/ i=l'l .

Figure A.4 — General view of an AMN
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A.7.3 Isolation of the inductor

Figure A.5 shows the attenuation to signals on the mains supply when the inductor is used in
the circuit of Figure 5 but without the isolation section L,, C,, and R,. The attenuation is
determined as that between the supply mains terminal and the measuring receiver terminal.
For curve 1, the internal impedance of the signal generator at the mains terminal is 50 Q
resistive. In curve 2, the internal impedance of the generator is varied in accordance with the
nominal value of the magnitude of input impedance of the AMN, as given in Figure A.5.

1
Ao -
,/ g \\
1
// NN
) N\
20
g /
5 2/
E /|
g vd
< d
10 //
et
0
0,009 0,004 0,1 0,4 1 4 10
Frequency /' (MHz)
IEC 0477/14
Key
1 Zgen S Rgen = 50 Q
2
2 |Zin AMN|
Figure A.5 — Attenuation of an AMN filter
A.8| Measurement of the voltage division factor of an artificial mains V-network

The voltage division factor may be determined Using a test set-up as given by Figures A.6 for
each test configuration of a V-network. The voltage division factor shall be measured on each
line with each internal connection (e.g. with manual or remote switching configurations) using
a network analyser, or using a signal generator and a measuring receiver or an RF voltmeter
with a high impedance (low capacitance) probe. All lines of the EUT port which are not
connected to the RF port shall be terminated with 50 Q loads.
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RF

Network 50 Q=)
analyzer v‘
Output Input .
,L T 10 dB V-network
J
LT i
- — L1 -
,,,,,,,,, >—N L mvams port
Adaptor -ﬁ
T EUT port LT
10 dB
A
r IEC 0478/14

a) Test set-up for normalization (calibration) of the.network analyzer

RF
Network 510 dB =)
analyzer
Output Input
A BN 50 O V-network
R
- I
P 0
— L1 .
>—N Mains port
Adaptor _ﬁ
T EUT port
10 dB
A
r IEC 0479/14

using a network analyzer

Figure A.6 — Test set-up for determining the voltage division factor

Because the EUT port presents a frequency-dependent input impedance, the network
analyzer needs to be normalized (i.e. calibrated), using the measured voltage level at the EUT
port.

If a signal generator and an RF-voltmeter with a high-impedance probe are used, the EUT
port is fed via a 50 Q pad, and the RF port is terminated with a 50 Q load while determining
the voltage division factor by two subsequent measurements on the EUT and RF ports.
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The construction of the adaptor used at the EUT port is critical for the calibration. Accordingly,
the connections should provide low impedance, and the T-connector should be placed as
close as possible to the EUT port and ground terminals. The 10 dB pads are used to provide
exact 50 Q source and load impedances for accurate measurements.

Furthermore, each line of the mains port should be terminated with 50 Q relative to the
chassis.

For a 150 Q V-network the voltage division between the EUT port and the measuring receiver
port, i.e. 150 Q/50 Q, should be considered.
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Annex B
(informative)

Construction, frequency range, and calibration
of current probes

NOTE This annex supplements the provisions of Clause 5.

B.1

The
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be n

A cU
ope
ope
toro
wing
prev

Typi
This
and

Bhveicaland-elestricalconsiderations ,

physical size of the current probe is a function of the maximum cable size” tg
sured, the maximum current flowing in the cable, and the range of signal fréequencig
heasured.

rrent probe is usually a toroid with the conductor to be measured placed’within the ce
ning. Existing requirements and manufacturers' specifications .show that the ce
ning may vary from 2 mm to 30 cm in diameter. The secondary iwinding is placed on
d in such a manner as to facilitate the clamp-on function @fithe probe. The core
ing are enclosed in a shield to prevent electrostatic pickup. The shield has a ga
ent it from being a shorted turn on the transformer.

cal current probes for disturbance measurements use seven to eight secondary td
number of turns is an optimized turns-ratio to ensure a maximized flat frequency ra
an insertion impedance of 1 Q or less. For frequenhcies below 100 kHz, laminated sil

use
tran

The
The
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(gen

somfetimes used instead.

Ove
of tH
of r
micr
then
a cy
curr

stej: cores are used. Ferrite cores are used between 100 kHz to 400 MHz and air cores|

between 200 MHz to 1 000 MHz, with*a“ balanced coil to unbalanced 50 Q ol
sformer. Figure B.1 shows the configuration of a typical current probe.

current probe is generally usedcas a pick-up device for disturbance measuremg
efore, it is designed to transfer“the disturbance current to a voltage which car
cted by the meter. The sensitivity of the current probe may be expressed convenient
s of transfer impedance. Transfer impedance is defined as the ratio of secondary vol
erally across a 50 Q resistive load) to the primary current. The transfer admittang

rall sensitivity of(thé current probe and disturbance measuring receiver is also a fung
e receiver sensitivity. Minimum detectable disturbance current in a conductor is the
bceiver sensifivity (V) to current probe transfer impedance (Q). For instance, if a
ovolt (1,u\) receiver and a current probe with a transfer impedance of 10 QQ are u
the minimum measurable disturbance current is 0,1 pA. However, if a 10 uV receiver
rrent probe with a transfer impedance of 1 Q are used, then the minimum measur,
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entdis 10 pA. To obtain maximum sensitivity, the transfer impedance should be as hig

h as

possibte:

The transfer impedance Zt is often expressed in terms of decibels (dB) above 1 Q. This is
a convenient unit in reference to the more general disturbance units of decibels above 1 pVv

or 1

pA (Z7 in terms of decibels above 1 Q is taken as 20 Ig Z7).
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BNC connector

Removable covers

Shielding case / $

Rl — A

Ferrite core Foam

Covers omitted from
this view for clarity

section A-A

8 warps each side

i
| IEC 048Q/14

Figure B.1 — Typical current probe configuration
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B.2 Equivalent electrical circuit of current probe

The current probe may be represented by an exact equivalent circuit from general transformer
theory. It is not necessary to repeat the circuit here since it is shown in many standard
textbooks, see Reference [10]. After considerable simplification of the exact circuit and
derived equations, the following equations for the transfer impedance result:

High-frequency Z7 = oM — (B.1)
condition: (Ll R )2 + (w?LC—1)*] '
Mid{frequency 3 2,
condition: Zt = MR when (w“LC =1) B.2)
Low|frequency Z7 = oM — ®.3)
condlition: (oL R, )2 +1]1
where

VAN is the transfer impedance;

M is the mutual inductance between primary and secondary windings;

L is the inductance of secondary winding;

R is the load impedance of secondary.(usually 50 Q);

C is the distributed capacitance of secondary;

w is the angular frequency in radian/second.

Thelfollowing conclusions result from-.Eguations (B.1) to (B.3):

a) The maximum transfer impedance at mid-frequency, for a constant load impedance, is
jirectly proportional to the ratio of mutual inductance to secondary inductance (R bging
Constant).

b) The high-frequency half-power point occurs when the reactance of the seconflary
jistributed capacitance is equal to the load resistance.

B.3| Detrimentaleffects of current probe measurements

The|current(probe is essentially a toroidal transformer and therefore reflects the seconflary
impe¢danee_into the primary. For an 8-turn secondary winding and a 50 Q load, typically| the
inseItion impedance is approximately 1 Q. As long as the combination of source and Joad
impedances of the circuit to be measured is greater than 1 O _the application of the cutrent
probe will not greatly alter the primary current flow. However, if the sum of the circuit source
and load impedances is less than the insertion impedance, the application of the current
probe may alter the primary current considerably.

One intended current probe application is the measurement of disturbance current on primary
power lines which may carry up to 300 A d.c. or 100 A a.c. The current probe may also be
used in the vicinity of devices which generate strong external magnetic fields. The current
probe transfer impedance shall not be altered by these power currents or flux densities.
Therefore, the magnetic circuit shall be designed so that it will not saturate. Because the a.c.
power currents may be in the frequency range of 20 Hz to 15 kHz, the current probe output at
these power frequencies may damage the input circuit of the associated receiver. A possible
solution is the insertion of power-frequency rejection filters between the current probe and the
receiver. Figure B.2 shows a high-pass filter with 9 kHz cut-off frequency.
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Shielded housing

i
( o } I I i |_—@ Coaxial connector

Cq C3

Cq1=C3=0,64 pF

L Ly=0,8mH

IEC 0481/14

Figure B.2 — High-pass filter with cut-off frequency of 9 kHz

B.4| Typical frequency response characteristics of current probes

Figyre B.3 shows the typical frequency response characteristics of current probes, with flat
passbands of: a) 100 kHz to 100 MHz; b) 30 MHz to 300 MHz»and ¢) 200 MHz to 1 000 MHz.
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Figure B.3 — Transfer impedance of typical current probes

B.5 A shielding structure for use with current probes

B.5.1 General

A current probe with the addition of a conductive (e.g. copper, brass, etc.) shielding structure
may be used to measure either asymmetric (common mode) or symmetric (differential mode)
disturbance current. The method is usable from 100 kHz to 20 MHz. The essential feature of
this method is a modified RF current probe combined with a high-pass filter. The purpose
of the high-pass filter is to enhance the rejection of the power frequency current in the output
of the current probe. The test arrangement is described in CISPR 16-2-1.
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B.5.2 Theoretical model

The set-up for current measurement using the AMN is shown in Figure B.4 a). The
components of the disturbance currents are:

14 current in the live mains conductor

Iy current in the neutral mains conductor

I~ asymmetric (common mode) current

In symmetric (differential mode) current

NOTIE The phase angle between /; and I, is assumed to be zero. This is the case for leads of less than 1 m and
frequencies below 30 MHz.

It cgn be seen from Figures B.4 a) and B.4 b) that the currents have the following relationg:

]1 :IC +]D B4)
[ZZIC_ID BS)
[D = 11 - [2 B7)
14 .
L
Mains ﬂ
netwotk ] EUT

P

N —
— D
IEC 0483/14
a) CISPR test circuit with disturbance currents

L

Mains A

network EUT ! |
N —

IEC 0484/14

b) Test circuit which differentiates asymmetric (common) mode and symmetric (differential) mode noise

Figure B.4 — Set-up for current measurement using the AMN
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Thus a current probe clamped around the conductors so that 74 and I, would add gives an
output due solely to the asymmetric current; whereas, subtraction of the currents would yield
an output related only to the symmetric current. A 6 dB correction of the measured value only
for the asymmetric current is required, due to the factor of 2 in the equation for the
asymmetric current (see Figure B.4 b).

B.5.3 Construction of the shielding structure

The additional shield required is shown in Figure B.5. The dimensions shown are for a current
probe with a centre core of 51 mm diameter. For other sizes of current probes the dimensions
are scaled accordingly.

24,0
31,8 38,1 31,8 2/Moles
> L > 23,8 2 places

IEC 0485/14

The naterial should be highly conductive, e.g. copper or brass.

Figure B.5 — Shield configuration used with current transformer

Thig structure serves to position the unshielded conductors in the current probe, and to
provide additional shielding from any external linkage when the output is grounded at|one
end] Insulated (0,75 mm?2), stranded wire'is passed through the hole and fitted at each|end
with| terminals to accept the shieldedeads from the mains network and to the EUT.|The
dianpeter of the centre of the shield-is built up with insulating tape so that the wires are firmly
held in the slots, and so that this pertion of the assembly fits snugly in the current probe when
it is [closed.

The|shield is positioned.in.the current probe such that the plane of the leads is perpendigular
to the plane of the gaps in the core halves of the probe. It is important to ensure thaf the
shie]ding structure as-shown in Figure B.5 is insulated from the current probe housing so|that
the gap in the housing is not shorted.

B.5.4 High-pass filter

A high+pass filter, if needed, is inserted between the output of the current probe and| the
medgsuring receiver. This filter may be part of the measuring receiver [see Figures|B.2
and B.4 b)].

B.6 Calibration of current probes

Calibration of current probes may be done by a jig which is made of two halves of a coaxial
adaptor. When assembled with the current probe in place, the jig forms a coaxial line the
outer conductor of which encloses the current probe and the inner conductor passes through
the probe aperture (see Figure B.9).

The calibration equivalent circuit is shown in Figure B.6. When the coaxial line is well
matched the current /p through the inner conductor may be calculated from a measurement of
the voltage V1 on the line. The body, if metal, or shield of the probe should be taken into
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account in the design of the jig, to achieve a good coaxial line. If the voltage output of the
current probe is V5 the transfer admittance may be calculated using the following equation:

Y=V - V,-34 (B.8)
where
Yt is the transfer admittance in dB(S);
Vy is the RF voltage on the coaxial line in dB(uV);
Vs is the RF output voltage of the probe in dB(uV);
34 is a factor related to the 50 Q load impedance.

The(transfer admittance Y in dB(S) is used to calculate the value of the, measured current Ip
in dB(pA) using the equation:

Ip=Vy+ Y7 B.9)
whefe Vo is in dB(uV).

Figure B.7 shows a typical calibration result, Figure B.8/shows the return loss, and Figurel B.9
provides a photograph of a coaxial adaptor jig.

& 7| - 1

IEC 0486/14

Figure B.6 — Schematic diagram of circuit with coaxial adaptor and current probe
transfer admittance Y measurement
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Figure B.7 — Transfer admittance Y} as a function of frequency

1000

IEC 0488/14

Figure B.8 — Return loss of the coaxial adaptor terminated with 50 Q and
with the current probe (also terminated with 50 Q) inside
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IEC 0449/14

Figure B.9 — Current probe between the two halves of the coaxial adaptor
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Annex C
(informative)

Construction of the coupling units for current injection
for the frequency range 0,15 MHz to 30 MHz

NOTE This annex supplements the provisions of Clause 6.

C.1 —Gounhi . At ial Ul

The|circuit diagram and construction are similar to the type A unit shown in Figure C.4,"except
that|the inductance value is 280 puH.

Congtruction of the 280 uH inductor:

Coreg: Two ferrite rings, material 4C6 or equivalent, placed together, dimensfons
36 mm outer diameter, 23 mm inner diameter, 30 mm thick.

Wingding: 28 turns of a fully screened miniature coaxial cablege.g. UT-34, wire diameter
0,9 mm, with an outer insulation plastic tubing of>4;6 mm outer diameter.

C.2| Coupling unit type M, for mains leads

The| circuit diagram and construction are similar/towthe type M unit shown in Figure |C.2,
except that the two inductors are 560 pH each, and €; = 0,1 uF and C, = 0,47 uF.

Conptruction of the 560 pH inductor:

Coreg: Two ferrite rings, material 4C6 or equivalent, placed together, dimensfons
36 mm outer diameter,\23 mm inner diameter, 30 mm thick.

Winding: 40 turns of insulated copper wire, 1,5 mm outer diameter.
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Key
4-5

10
13
14

_ 70mm [78 145 mm To disturbance source —‘E
- 1 - T -
T “’r‘_‘“‘“:r‘ij_ [ 2 & 4
fl -1 - -" -
! -®_ [N Q‘ H :qc_)' B %
o °| &% e
13 41 [0)
i - 1 5
N °3 1o
[T = = o 7 o
1 € 10 A N 2
n o T 717 “ 11
§ ~ 0 1] 10
I 1]
" 5
i 6 ]
H o z
n7 _‘_‘ g ] 6
— VI | 5 ’
A
EUT
Wanted signal P = _ Tt
——— Fmeet=f 3 Antenna
w 100 Q /¥, {
|
Pl | 30 pH [ z
s (i d
Disturbance source
IEC 0490/14

metallic case 145 mm by 70 mm by 70 mm (parts-6 placed on the ground plane P1)
front plate (insulating material)

supporting plate for chokes (insulating material)

coaxial connector, BNC, 50 Q

group jack

coaxial connector, BNC

ferrite ring type 4C6, & 36 mm, 15 mm, with 14 turns of coaxial cable

coaxial cable, outer @ 2,4 mm

Figure'\C.1 — Example of coupling unit type A, for coaxial input
schematic diagram and construction details (see C.1 and D.2)
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145 mm To disturbance source _IE
- ' : |
'_\ ] %
3 i‘l L.
® [ ’
.E : ’ -
o 12| J[w} [ W
= <) 4 o
l\l 1 =
b i ‘
| 71"
4k
2h
e
E_E"_, 6
u ! ]
C1=10nF
Cy =47 nF
1 2xe0uH
(2] —_—
c S
£ -
._"'1 —
Cy L o &)
[ -
f".-"'f.-’f.-"’f-"f’fff-i\"f
Disturbance sourcg EC 0491/14
Key
4-9 see Figure C.1
11 is the mains socket for EUT (two insulated banana jacks)
12 is the mains plug (2P + ground)
15 are two ferrite rings type 4C6, & 36.mm x 23 mm x 15 mm, with 20 turns each
16 is an insulated 0,8 mm copper wife, outer & 0,8 mm
kFigure C.2 — Example of coupling unit type M, for mains leads, schematic diagram
and construction details (see C.2 and D.2)
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C.3 Coupling unit type L, for loudspeaker leads

The circuit diagram and construction are similar to the type L unit shown in Figure C.3 with
two separate inductors of 560 uH each, and C4 =47 nF and C, = 0,22 uF.

Construction of each 560 uH choke:

Core: One ferrite ring, material 4C6 or equivalent, dimensions 36 mm outer diameter,
23 mm inner diameter, 15 mm thick.

Winfing: 56 turns of varnish insulated copper wires, 0,4 mm diameter.

NOTE Characteristics of magnetic ferrite type 4C6:

Relafive initial permeability pi =120
Loss|factor tan o/p; < 40 at 2 MHz, < 100 at 10 MHz
Resigtivity p =10k Q-m
To disturbance source
4 i I I 8
A
62 Q12 W ’
¢
75Q 12W E
/J
w 60 uH ’
To loudspeaker — X Cq G
17 :_, o T { 17 ToEUT
[ 18 g
L
-— VAL
Co== (p -
60 puH
9 6

IEC 0492/}

EN

Key
4-9 see unit type A

18 two inductanees 60 pH each
For €aceh inductance:

Core: one ferrite ring, type 4C6,
& 36 mm by & 23 mm by 15 mm
Winding: 20 turns copper wire insulated
outer & 1,2 mm
Moomtimgof the-mductancesseeumnit type

C1 10 nF each

C2 47 nF each

Figure C.3 — Example of coupling unit type L for loudspeaker leads,
schematic diagram and simplified construction drawing (see D.2)


https://iecnorm.com/api/?name=1fd38c5ae6a11afe392c37716ba6254f

CISPR 16-1-2 © IEC:2014 - 63 -

C.4 Coupling unit type Sw, for audio-frequency signals

The circuit diagram and construction are similar to the type Sw unit shown in Figure C.4,
except with the 280 pH inductor described in C.1. The screened cable may be an audio-
frequency type, and its diameter shall be not larger than 2,1 mm.

NOTE The type A coupling unit described in C.1 can be used for this purpose if the two stereo signal cables of
the EUT are connected together.

Audio signal 19 J

To disturbance source

AURNROOOMNN,

input or output

To EUT
9
| = =
IEC 0493/14

Key
4-9 see unit type A
19 Cinch or DIN sockets
20 inductance of 30 pH:

Core: one ferrite ring, type 4C6,

@ 36 mm by & 23 mm by<15' mm
Winding: 14 turns with\a.screened twisted pair:

outer diameter of cable insulation 2,8 mm
Mounting of the indu¢tance: see unit type A

Figure C.4% Example of coupling unit type Sw, for audio signals.
Schematic diagram and simplified construction
drawing (see D.2)

C.5| Coupling unit type Sw, for audio, video, and control signals

The| cifeuit diagram and construction are similar to the type Sw unit shown in Figure [C.5,
exceph with two 560 pH inductors constructed as described in C 2 The cable with three
conductors shall have an outer diameter not larger than 1,5 mm. This may be achieved using
two micro-coaxial cables type UT-20 (0,6 mm diameter) and a varnish insulated copper wire
of 0,3 mm diameter.
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To disturbance source a —
. s
4 ! i
7 E=gr—F==—
100Q 1 W,’ 7z
olo) / 7
O / I !
60 puH =<
W N rd [
) NN\ A 22 _ ANNN
Wanted signal AN /:}T" N 51 To EUT
inpout and/or s C c AN oEU
it RN o] NN
L N \ 60 HH SS5S
[
9_[ 22 6
5
IEC |0494/14

Key

21

22

see unit type A
multiple pins connector (e.g. 7 pins DIN-socket)
two inductances 60 uH each; for each inductance:

Core: one ferrite ring, type 4C6,
@ 36 mm by & 23 mm by 15 mm
Winding: 20 turns with a three-lead cable
Cable: Two micro-coaxial cables, UT-34;
outer & 0,9 mm + one copper wire
& 0,4 mm, varnish insulated
outer insulation: tube outer & 2,4 mm
Mounting of the inductances: see unittype M
C =1 nF (or more, if it is acceptable by the signal source)

gure C.5 — Example of coupling unit type Sw, for audio, video and control signal
schematic diagram'and simplified construction drawing (see D.2)



https://iecnorm.com/api/?name=1fd38c5ae6a11afe392c37716ba6254f

CISPR 16-1-2 © IEC:2014 - 65 -

Annex D
(informative)

Principle of operation and examples of coupling units for
conducted current immunity measurements

NOTE This annex supplements the provisions of Clause 6.

D.1—™P+i

The| principle of operation is illustrated in Figure D.1. The inductance L presents-a

(wa
circ

ted signal generator or auxiliary equipment); C; and C, may be replaced by a

impIdance to the injected disturbance current. The filter L/C, isolates the test apparptus
it if the a.c/d.c. conditions permit. The disturbance signal delivered from'a.generator |with

high

dhort

50 @ internal resistance is injected via a 100 Q resistor R, and a blocking capacitor (; (if
reqyired) on to the leads or on to the shield of a coaxial cable.

D.2| Types of unit and their construction

Thelfollowing types of coupling units are used:

Type A:

Type M:

Type L:

The RF coaxial units are to be used for coaxial leads carrying wapted
signals in the RF frequency range, JThe construction details are shown in
Figure C.1. The 100 Q resistor_(to make up the 150 Q source impedance
from a 50 Q disturbance signal‘source) is bonded to the shield of the coaxial

output connector in the unit,

These are for use with mains leads. The construction details are shown in
Figure C.2. The injectign of the disturbance current is done asymmetri¢ally
on both wires through~an equivalent resistance of 100 Q. This unit is like an
artificial mains _delta network, and as seen from the EUT terminalg, a

symmetric and asymmetric equivalent resistive impedance of 150 Q.

These are“for use with loudspeaker leads. The construction details| are
shown in ‘Figure C.3. The impedance of the disturbance source is arranged

as for Type M units.

Typé Sr and Sw: These are designed for use with audio, video and other auxiliary leads.
are’ multi-pin units which have to be adapted to a variety of pin numbers|and

Typée Sw:

connector configurations, as follows:

They

These units provide a through path for audio, video, control or other signals,
in which case filtering is required to ensure that the disturbance signal is

directed towards the EUT. The construction details shown in Figure

C.4,

indicate the simple filtering provided for audio signals with a screened |pair

Type Sr:

wound on a toroid. In the case of multi-lead cables it may be necessary, for
construction reasons, to separate the cable leads before winding upon a
toroid shown in Figure C.5. In both cases the disturbance current is injected
via a 100 Q resistor on to the screen and the ground pins of the output
connector, the screens of the shielded leads, and through capacitor on to

the other (unshielded) leads.

These are designed for the case where there is no requirement to provide a
through signal path. All leads of the cable are terminated with a matched

load resistance. The construction details are shown in Figure D.2.

The

disturbance current is injected via a 100 Q resistor on to the screen
(grounding) and the ground pins of the connector, to which point all the load
resistors (R1 to R,) are connected also. It should be noted that a coupling
unit of the type indicated in Figures C.4 or C.5 terminated with a correct

load impedance could be used for this purpose.
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If the source impedance of the disturbance generator is not 50 Q, the value of the series
resistor is adjusted accordingly to make up the required 150 Q impedance.

The RF choke coils shown in Figures C.1 to D.2 have inductance values 30 uH or two 60 puH
chokes in parallel, and are satisfactory for the frequency range 1,5 MHz to 150 MHz. For the
frequency range 0,15 MHz to 30 MHz, the inductance values are 280 uH or two 560 pH
chokes in parallel respectively. Annex C describes their construction.

Precautions should be taken in the layout to keep parasitic capacitance to the output
terminals of the units as low as possible. It should be noted that the metal cases of the units

are ﬁMMm@WM_WmMaM
unpainted cases.
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To disturbance source 24 To EUT

IEC 0496/14
Key
6, 8,19 see unit type A
23 is the metallic case 100 mm by 55 mm by 55 mm
24 is the multiple-pin conductor or DIN-socket
R, to[R are the matched load resistances.

n

Example — Coupling units type Sr for audio equipment
Phonjograph Magnetic: 2 x 2,2 kQ

Crystal: 2 x 470 kQ

Micrqphone 2 x 600 Q

Tuney 2 x 47 kQ

Tape|recorder 4 x 47 kQ

Audi¢ in/out 4 x 47 kQ

Figure D.2 — Coupling unit type'Sr with load resistances — Schematic diagram
and simplified construction drawing (see D.2)
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E.1

Annex E
(normative)

Example and measurement of the parameters
of the asymmetric artificial network (AAN)

Description of an example of an AAN: the T-network

Figyre E.1 gives an example of an AAN, the T-network, having terminals a, and_b{ for
conmection to a conductor pair in a signal port of an EUT and RG for connection fo| the
refefence ground and, if applicable, to the safety earth or other ground connector of'the EUT.

The|symmetric signal which may be needed to have the EUT operating correctly is connefted
to tpe terminals a, and b,. The double choke L, allows separate measUrement of| the
asymmetric component of the disturbance. The two windings are designed such that| the
symmetric currents are suppressed by a high impedance, whereas the impedance| for

asymmetric currents (passing to R,;) shall be negligible.

The|termination impedance of the network for the asymmetric @isturbance voltage of 150 | is
detgrmined by the two resistors Rt (200 Q), in parallel for(the asymmetric current, in series
with[ the resistor Ry, (50 Q). The resistor Ry, is usually the input impedance of a measyring
recdiver. In this case the meter reading is typically 95 dB lower than the actual asymmgetric

Normally an AAN is inserted between an EUT and its associated equipment.

E.2

For

measurement of the specifiedparameters described below are used.

a)

e)

vaIuFr at the terminal of the EUT. The capacitor C1 blocks d.c. currents, thus allowing for|d.c.
sup
properties of L4, due to saturation.

ly voltages on the network leads without damaging the resistors and without affecting the

Measurements of the parameters of an asymmetric artificial network (AAN)

the determination of compliance with the requirements of 7.1, the procedures for| the

Termination impedance

This impedance-between the terminals a, and b, connected together, and terminall RG
shall be checked with terminals a, and b, being alternatively open and short-circuitgd to
the ground-erminal RG (see Figure E.2).

_ongitudinal conversion loss (LCL)

This(rejection of the Y-network shall be measured in accordance with Figure E.5.|The

etwork analyzer (NWA) applies its output signal to an LCL probe, which shall haye a
:|:| I e ) et ; Bt ; . LAl of

the AAN. For LCL probe verification, see Figure E.3, and for calibration, see Figure E.4.

Decoupling attenuation
The decoupling attenuation shall be measured in accordance with Figure E.6.
Insertion loss of the symmetric circuit

The insertion loss of the symmetric circuit shall be measured in accordance with
Figure E.7.

Two LCL probes can be used as baluns for the insertion loss test of the Y-network. Two
identical baluns may be connected in series for the determination of their own insertion
loss. Baluns can be designed such that the combined insertion loss of two baluns is less
than 1 dB in the frequency range from 0,15 MHz to 30 MHz.

Voltage division factor of the asymmetric circuit (calibration of the Y-network)
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The voltage division factor of the asymmetric circuit shall be measured in accordance with
Figure E.8.
f) Symmetric load impedance and transmission bandwidth

This parameter is defined by the system. Y-networks may be optimized for a certain
impedance with respect to transmission bandwidth. The transmission bandwidth may be
measured for a certain symmetric load impedance using the test set-up of Figure E.7.

AAN metal case

AAN
a1 a
O —O
EUT Balanced pair AE
O
b1 b2
\
Zcat m
\
\
L
C=4,7uF
R=2000Q
L1=2x38mH
Lo =2x38mH
AE = Associated equipment
EUT = Equipment under test
Ry = Receiver input
IEC 0497/14
NOTE 1 Nominal voltage division = 9,5 dB.
NOTE 2 Z_,, represents the unbalance network used to adjust the LCL.
Figure E.1 — Example of a T-network circuit for one pair of wires
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EUT AE

port port
aq ar

AAN
NWA Y-network
Swi1
b4 b2
50 Q
| IEC 0498/14

NOTE If the AAN is of higher order (i.e. more than one pair of wires), then all wires of the EUT port; respec|
all wifres of the AE port, are connected together.

Figure E.2 — Arrangement for the termination impedance measurement

LCL probe | n-circuit

] ]
- 4

Zl4 Ry [ R3

VTZ

IEC 0499/14

ively

Q (=

For Z

NOTE 1 When terminated with g-minimum LCL n-circuit consisting of R,, R, and R, (R, = R3), which includes| both
. L B R{(R2 + R3) o
the rflominal symmetric impedance Z (=———=———) of the AAN and the asymmetric impedance of 150
Ry{+ Ry +R3
R2 R3 i . . .

—— ), the probe ideally shows a residual LCL of 20 dB or higher than the highest LCL to be measured.
Ro 4 R3
=100 Q: R, = 120/ and R, = Ry = 300 Q.
NOTE 2 The-kCL probe operates with an asymmetric source impedance of Z/4.
NOTE3 For Z =100 Q, Z/4 equals 25 Q.

NOTE 4 For optimum reproducibility, the LCL of the probe is maximized for both orientations of the r-circuit

relati

ve to the balanced terminals of the LCL probe.
E
NOTE 5 Definition: longitudinal conversion loss (LCL) =20Ig—{ in dB (according to ITU-T Recommendation.
Vv
77])

G.11

The LCL probe is so constructed that the LCL can be measured using ordinary network analyzers. An example LCL
probe is described in [9].

Figure E.3 — Arrangement for LCL probe verification
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LCL probe | Lcircuit

IEC 0500/14

(Reym /1 Z) + 4R +z|
NOTE 1 LCL of the L-circuit: a g :20Ig| Sym cal |dB

2Rgym /1 Z)

NOTE 2 The LCL measurement uncertainty per Figure E.5 is influenced by the accuracy of the L-circuit and the
amoynt of the residual LCL of the probe. Changing the orientation of*the LCL probe relative to the L-circuft will
show] some uncertainty of calibration.
NOTE 3 Example of an L-circuit:

For @n impedance Z = 100 Q and Roym = 100 Q, a valve R, = 750 Q will give an LCL of 29,97 dB, i.e.
appr¢ximately 30 dB.

Figure E.4 — Arrangement for the.L,.CL probe calibration using an L-circuit

AAN under test

LCL probe |
|
o o AAN o
|
' EUT AE
4 T % : * | port port z
4
1
* o o—
T R
” Receiver port
Zl
50
E T
o E——

IEC 0501/14

NOTE 1 For the definition of LCL, see Figure E.3.

NOTE 2 Depending on the closeness between the LCL to be measured and the residual LCL of the probe,
a measurement with both orientations of the LCL probe, relative to the EUT port terminals and the determination of
the mean value of the two results, can improve the accuracy of the test.

NOTE 3 If the AAN is of higher order (i.e. more than one pair of wires), then the LCL of each pair is tested,

while the other pair(s) is (are) terminated with the common mode impedance Z in case of any influence on the
measured pair.

Figure E.5 — LCL measurement of the AAN using an LCL probe
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EUT AE
port port Z
a1
AAN
(Y-network)
Swi1 ji
b2
b4
‘ Receiver port
Zz V2
Z1=150 Q
Z2=50Q

The
highg
conn

)

1EC,*0502/14

lecoupling attenuation specification shall be met in both positions of Sw1 (short*and open). If the AAN

r order (i.e. more than 1 pair of wires), then all wires of the EUT port, respectively all wires of the AE por

bcted together.

Figure E.6 — Test set-up for the decoupling attenuation (isolation) of the AAN

v
hecoup = 20 |g‘ﬁ

— Aydiv

Vo

aq

AAN

b1 RF

az

b2

in dB for asymmetric signals)between AE port and EUT port

Va

IR

50 Q

Z=100Q

IEC 0503/14

Figure E.7 — Test set-up for the insertion loss (symmetric) of the AAN

is of
, are
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NOT
all wi

Z4

— 74 —

EUT

port

AAN
(Y-network)

bo
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az

150 Q

res of the AE port are connected together.

Receiver port

Zy

Z1=150 Q
Z>=50Q

IEC 0504/14

If the AAN is of higher order (i.e. more than one pair of wités), then all wires of the EUT port respecfively

Figure E.8 — Calibration test set-up for'the AAN voltage division factor

of the asymmetric circuitiCFaaN = ayqyy = 20lg %

V4
2

in dB
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F.1

Annex F
(normative)

Example and measurement of the parameters of the AN
for coaxial and other screened cables

Description of ANs for coaxial and other screened cables

Figu
cred
dou

can
insu

For
eith{
by W

F.2

b)

f

re F.1 gives an example of a coaxial cable AN employing internal common-mode ch
ted by miniature coaxial cable (miniature semi-rigid solid copper screen or_minig
ple-braided screen coaxial cable) wound on ferrite toroids.

also be created using bifilar windings of an insulated centre-conductér wire ang
ated screen-conductor wire on a common magnetic core (e.g. a ferritetoroid).

In crses where high shielding attenuation is not required, the internal common-~mode chok

multi-conductor screened cables, the internal common-mode chokKe can be created u

bkes
ture

e(s)

sing

er multifilar windings of insulated signal wires and an insulated screen-conductor wirg, or

inding a multi-conductor screened cable on a common-mode magnetic core.

Measurements of parameters of an AN for coaxial and other screened
cables

Termination impedance

The impedance between the coaxial screen on the bulkhead connector (with no EUT ¢
Lttached) and the reference-ground connector shall be measured with the receiver

rminated with 50 Q load.
Voltage-division factor

The voltage division factor ofsthe AN shall be measured in accordance with the set-u
Figure F.2.
Coaxial For ex?mple: miniature coaxial cable AN metal case
bulkhead Coaxial cable AN
connector
EUT AE
Coaxial cable Coaxial cable

Coaxial

Isolation plate,
bulkhead

shunt C <1 pF

able
port

p of

connector

i Ferrite toroids
Connection to
coaxial cable shield

Ry

500

AE = Associated equipment
EUT = Equipment under test
Ry = Measuring receiver

Common mode choke L¢m >1,4 mH, total parasitic shunt C <1 pF IEC 0505/14

Figure F.1 — Example of a coaxial cable AN
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EUT AE
port port
Z4
AN
for coaxial
and other
screened
cables
Vi
l‘! ______

Receiver port

Z
2 V2 Z1e.9.150Q

Zp=50Q

IEC 0506/14

Figure F.2 — Test set-up for the coaxial and-screened cable AN

voltage division factor Fj§=20Ilg in dB

2

V4
V.
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Annex G
(informative)

Construction and evaluation of capacitive voltage probe

NOTE This annex supplements the provisions of 5.2.2.

G.1 General

Thig annex provides an example of a method for the calibration of the capacitive voltage
prohe (CVP). Other calibration methods can be used if their uncertainty is considered tp be

equivalent to that of the method shown in this annex.

G.2| Physical and electrical considerations for CVP

Figyre G.1 shows the configuration of a CVP. A CVP consists of two)coaxial electrodes, a
groynding terminal, a cable fixture, and a trans-impedance amplifier." The outer electrode is

use
cou

as an electrostatic shield to reduce the measurement epror caused by electrostatic
ling from cables running alongside.

The|equivalent circuit of the probe is shown in Figure G.2-When a voltage exists betweer the

elecfrode as a result of electrostatic induction. This\voltage is detected by a high impedance

inpu
measured by a measuring receiver.

G.3| Determination of the frequency response of the voltage division factor

cabIE and the ground, an induced voltage occurs between the inner electrode and the duter

amplifier and converted to low impedance by ‘a trans-impedance amplifier. The output is

Figure G.3 shows the test set-up uséed to determine the frequency response of a CVP. A CVP

is verified according to the following’procedures.

a)

Prepare the same type of\cable that is used with the EUT.

NOTE 1 If several types,of cable are used with the CVP, a representative variety of cable types is used in the
alibration, and the spread of results determined. The voltage division factor (Fgyp) can be estimated by psing
Fquation (G.3), however, the Fyp for each cable is measured.

Place the calibration fixture on the reference ground plane, as shown in Figure G.3.

Connect both’ ends of the cable to the inner ports of the calibration fixture (port-1, port-2)
see Figure G.3).

Place the CVP in the calibration unit and adjust the position of the cable to pass thrqugh
qhe centre.

NOTE 2 If the ends of plates of the calibration fixture are too close to the ends of the CVP, the stray
capacitance is increased, which can adversely affect the calibration at higher frequencies. If the end plates of
the calibration fixture get too far from the ends of the CVP, a standing wave can be formed within the
calibration fixture at higher frequencies. These standing waves can adversely affect the calibration.

Connect the grounding port of the CVP to the inner grounding port of the calibration
fixture. Connect the outer grounding port of the calibration fixture to the reference ground
plane. The grounding strip should have low inductance, be as short as possible and kept
away from the CVP aperture.

Connect a signal generator, with an output impedance of 50 Q, to the outer port of the
port-1 through a 10 dB attenuator.

Connect a level meter, with an input impedance of 50 Q, to the outer port of port-2 and
terminate the output port of the CVP in 50 Q load. Measure the level V over a specified
frequency range.
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h) Connect the level meter to the output port of the CVP and terminate the outer port of the
port-2 by a 50 Q load. Measure the level V|, over a specified frequency range.

i) Calculate the voltage division factor Fyp = 20 1g|7/ V,, | in dB from the measured values.

G.4 Method of measurement to determine the influence of external electric
fields

G.4.1 Influence of external electric field

The influence of the external electric field appears via electrostatic coupling with other cables
closf to the probe. Figure G.4 shows the electrostatic coupling models and their equivglent

circjiits. Both the asymmetric voltage ¥, on cable 2 and the voltage V' on cable 1 appear af the
input terminal of the high impedance voltage probe through the capacitance C,“and ¢ as
shown in Figure G.4 a). An electrostatic shield shall be used to reduce the coupling:due tq C,.
However, the influence of the external electric field due to the electrostatic coupling between
the [outer electrode and other cable (C,’) still remains because of the imperfection of| the
electrostatic shield, as shown in Figure G.4 b). Subclause G.4.2 provides ithe measurement
prodedure for evaluating the influence of the electrostatic coupling between outer electfode
and|other cable. Furthermore, it should be noted that the voltage Vhis-affected by V', unless
|Zs|4<[1/(f @C¢)|.

G.4[2 Method of measurement to determine the influence“of the external electric fjeld

The| influence of an external electric field caused by electrostatic coupling due to limited
electrostatic shielding is measured using the test{set-up shown in Figure G.5. |The
megsurement procedure is as follows;

a) Measure the voltage division factor, Foyp =20'I9|7/ ¥V, |, using the method in G.3.

b) Place the CVP beside the cable, at a distance “s” equal to 1 cm (see Figure G.5).

c) Connect the grounding port of the prabe to the inner grounding port of the unit. Conhect
the outer grounding port of the unito the reference ground plane.

d) Connect a signal generator with,a 50 Q output impedance to the outer port of the port-1
fhrough a 10 dB attenuator.

e) Connect a measuring receiver with a 50 Q input impedance to the outer port of the port-2
and terminate the outputport of the probe by 50 Q. Measure the level Vg over a specjfied
frequency range.

f) Connect the measuring receiver to the output port of the probe and terminate the quter
port of the port-2’by 50 Q. Measure the level ¥, over a specified frequency range.

g) The reduction of the influence is defined as Fg = Foyp/Vy/ Vsy) from the measpred
alues.

G.5| .SPulse response

A CVP is constructed as part of the measuring system which includes the measuring receiver.
It does not affect the performance of the measuring receiver described in Clause 4. The probe
response to pulses shall be measured because a CVP contains an active circuit. The
response is measured using the pulse generator as described in Annexes B and C of CISPR
16-1-1:2010 for Band B.

It is difficult to measure the pulse response using a pulse generator. The pulse capability of
the probe is tested to measure the linearity using a CW signal whose peak value is the same
as the peak value of the pulse. This can be accomplished because the probe does not contain
a detector and band-pass filter. The attenuator can be necessary to minimize the amplitude of
the reflected signal, due to the use of coaxial cable between the signal generator and the test
fixture. If it is not necessary to stabilize the frequency response, the attenuator is not needed.
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The impulse area of the pulse generator signal is 0,316 mVs from 0,15 MHz to 30 MHz as
shown in Table B.1 of CISPR 16-1-1:2010. The spectrum of the pulse generator signal is

practically constant up to 30 MHz. The pulse width, 7, is approximately given by

T=— (G.1)

With £, = 30 MHz, = 0,010 6 ps.

The alllp“tudc Uf thc pu=ac, A, ;D H;VUII by
A=0,316/r=29,8 V (B.2)
Thig indicates that the CVP should maintain linearity up to 30 V.

Thellinearity is tested by measuring the voltage division factor, Foyp, whén the amplitude of
the signal generator is varied up to 30 V.

G.6| Voltage division factor dependence

The|voltage division factor of the CVP depends on the radius and the position of the cpble
under test in the inner electrode of the CVP. Although/the’value of the voltage division f4ctor
is nIeded for disturbances measurements, calculatiefof the factor for any type of cable may

be [difficult. An investigation was performed to' ‘evaluate the influence of the cpble
confliguration on the voltage division factor, and is\described in the following paragraphs.

The| voltage division factor dependencies("Were investigated using measurements and a
theqgretical analysis. Figure G.6 shows the”voltage division factor deviation when the cpble
position changes in the electrode. Theccable is replaced with a copper rod in the experiment.
The| horizontal axis indicates the separation ratio, g/(b — a). The solid line represents| the
calculation results obtained fromxthe capacitance variation between the inner electrode|and
cable, and the dots are the measured values. As a result, the measurement data agrees |well
with| the calculated data. The-sensitivity of the CVP, however, does not depend on| the
variation of the cable position in the inner electrode up to a separation ratio of 0,8. Thus, to
minimize measurement errors, the cable under test shall be adjusted to pass the centre of the
CVR.

Figure G.7 showsthe cable radius dependence. The vertical axis shows the deviation of the
voltage division-factor Fyp. The solid line shows the calculated results using the folloying
equation:

L1 2z |

oo - 1 G In/a) " )

1+ T 2m d
Cp In(b/arer)

where

& is the dielectric constant;

Qref is the cable radius used for reference;

Cp is the gain of the trans-impedance amplifier, obtained from the
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measurement;
bandd are defined in Figure G.1.

The plotted values show the measurement results for several cables. The equivalent radius of
each cable is evaluated with respect to the surface area of each wire included in the cable
and compared to the surface area of a copper rod. The number of wires in the cable was
changed from 1 to 12. Figure G.7 indicates that the calculated results agree well with the
measured result using the copper rod. Thus the deviation between the measured results for
actual cable and the calculated value is within 2 dB. This result shows that the voltage
division factor can be approximately calculated by Equation (G.3) using the surface area of
eaclreabte:

Outer electrode
>| (electrostatic shield)

g
o

Inner electrode |4

h 4 Slit

Cable fixture

. . Output port
Grounding terminal

Trans-impedance
amplifier

Power supply

IEC 0507/14

Cautjon:

1) |The cable fixture is used to centre_the cable under test inside the probe. This item can act as a dielgctric,
which will increase capacitance between the cable under test and the voltage probe inner electrode.

2) |Isolation from the external electric field is needed to keep pickup on the power supply leads from coypling
into the voltage probe circuitry.

Figure G.1 — Configuration of a CVP
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Capacitive coupling clamp

EUT / Trans-impedance amplifier Measuring receiver
A S | I e o i
! LU T R !

1 ! 1 \
| % IV | Zp 4 |

1 1 1

! ! 1 ! —— | ——— ' ! !
: v 7 T " | :[]Zf C/ Vi
1
: N : : : T Cs : G - : E :
: L/ | A [ %G N
1 O T + Q T [
1 1 | 1 | | 1 !
1 1 / | 1 h \ | 1
U | | (SRS Sty S M s 1 . A, |
Capacitance between inner Capacitance between inner =
electrode and cable conductor and outer electrode Grounding terminal

IEC  0508/14

Typical values for the configuration shown in Figure G.1

b 25 mm Co 5 pF

¢ 55mm Ry 1 MQ

d 100 mm |Zs| << |1/ (jC)

CC f)lde. o ic 26 Rp>> |1/ (j(0+Cy))|
apble dlameter IS mm

(c 7 oF ) Zop = Z¢=50 Q
S

Typical values are not required/specified values, and other cémbinations consistent
with “Characteristics” of 5.1.3 are acceptable.

Figure G.2 — Equivalent circuit of a CVP

Inner port (Port-1) Capacitive voltage probe

Inner port (Port-2)
Outer port (Port-1) Cable

Outer port (Port-2)

Signal generator

: R Aasuring receiver
50Q (7 § MR 7 Lol :
d - 1

1

1

1

114
Attenuator !
i :
/ / ~ Output port
Calibration unit it
Outer grounding port | |
i 1
Reference ground plane Grounding port : :
1 1
Inner grounding port 50 @ ! ' Vi
1 1
L 1
- i
Measuring receiver
IEC  0509/14

Figure G.3 — Test set-up to measure the frequency response


https://iecnorm.com/api/?name=1fd38c5ae6a11afe392c37716ba6254f

-82 - CISPR 16-1-2 © IEC:2014

Cable 2

Electrode

Trans-impedance | C

c ZsV

Cable 1

a) Capacitive voltage probe without electrostatic shield

Inner electrode Cable 2

Outer electrode I
(Electrostatic shield) 1

ZsV
14
),
L

b) Capacitive voltage probewith electrostatic shield EC 051014

Figure G.4 — Electrostatic coupling model and its equivalent circuit

Calibration unit

Inner port (port-2)
Outer port (port-1) / Cabl
able

Measuring receiver|

Outer port (port-2)
. Inner port (port-1
pnal generator port (p ) s \
50 Q

T
. ! !
. 1 !
: ) ! |
Attenuator \" \ ¢ | !
N ' 50Q 1
___________ > iy : : s
J757 ,ﬁ ' i
1
P 1
Inher.grounding port / / / Outer grounding port L.
/ 7777
Grounding port /
Measuring receiver
[ 1
Capacitive voltage probe Output port ' '
| |
1 1
! 50Q !
' 1] Vsm
1 1
1 1
s = Distance between cable and outside of the probe ! !
e 1
/777 IEC  0511/14

Figure G.5 — Test set-up to measure the reduction, through the shielding effect, of
the influence of the external electric field caused by electrostatic coupling
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20 ; T T T T T
/=1MHz
15 + -
b=25mm ]
a c=55mm ]
S 10L _ ] Key
c [ a=13mm ] a Radius of the cable
2 : 1 b Innerradius of the inner electrode
S 5+ 7 ¢ Inner radius of the outer electrode
8 n E 7 Distance betweemrtentersof
0 : .__._,——r/‘/ i the inner electrode and cable
3 I I BN IV BT R

-02 00 02 04 06 08 10 12
(b - a)

IEC 0512/1%

Figure G.6 — Conversion factor deviation when cable/position is changed

4
Reference : b/a = 10
2 Cp=5pF -
\. 0 Measured (cable)
& 0 @ Measured (copper rod) —
z
»
c *
o -2 o\ ¢
®© . )
S o Calculation
(0]
a X /
4 \ Key
¢ a Radius of the cable
-6
b Inner radius of the inner electrode
x . . .
0 50 100 150 200

Radius ratio b/a
IEC  0513/1

NOTE The vertical axis shows the deviation of the voltage division factor (F

cvp) from the calculated value when
b/a is 10.

Figure G.7 — Investigation result of the cable radius dependence
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Annex H
(informative)

Rationale for the introduction of a minimum decoupling factor
between mains and EUT/receiver ports for the V-AMN

For the purpose of reducing the influence of the unknown actual mains impedance on the
V-AMN impedance, a minimum decoupling factor (isolation) between the mains port and
the receiver port for a gi\/pn termination of the EUT port may be specified Differences

between the various types of V-AMN have to be taken into consideration.

40 dB
Receiver Mains
port Rx port 50 Q 50 Q
’ —F — ? S—

@) [Jool O & [fpo|n  |O

IEC 0514/14

NOTE 7, is measured separately by terminating the source with\60 Q. 7, could be defined either at the EUT port
or at[the receiver port; in 4.8.2 it was decided to be defined at the receiver port.

Figure H.1 — Isolation measurement arrangement

A vglue of 40 dB of isolation [20 Ig (V4/K3)] is fulfilled if e.g. R, = 4 950 Q. If the impedange at
the power port is then short or open;ithe impedance variation at the EUT port will be [ %.
Congequently, to keep the influence of the mains impedance on the AMN impedance bg¢low
1 %] a 40 dB isolation is needed”(the detailed measurement procedure is given in 4.8).[The
uncertainty calculations in CISPR 16-4-2 are based on an impedance tolerance of 20 %|and
no ipfluence from the mains port. It is not possible to guarantee no influence. However |with
40 dB isolation, 1 % of the tolerance is left for the influence of the mains port, i.e. if[ for
example, the uncertainty contribution of the AMN impedance tolerance is 2,6 dB,| the
unc?rtainty contribution” of the unknown mains port termination is in the order of 0,18 dB
(included in the amaount of 2,6 dB — not to be added).

In afddition, the 40 dB isolation helps to limit the effect of the mains port termination onf the
voltage division factor and helps to keep disturbance from the mains port below a critical
level. Eurther suppression can be achieved by additional filtering.

Remarks from manufacturers have shown that the value of 40 dB can easily be achieved if not
yet fulfilled by the addition of e.g. a capacitor between the mains port terminal and ground.
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Annex |
(informative)

Rationale for the introduction of a phase tolerance
for the V-AMN input impedance

For CISPR 16-4-2, the amount of Ug gpr Was calculated based on the assumption of an
“uncertainty circle” AZ;, (see Figure I.1), which can also be redefined as an impedance

toleranhce-circle-

imp
exis
pha
from

CIS

influ
4-1:

whe

Exiiting network analyzers however do not allow specification of a tolerance circle for

comfucted emission measurements using a V-AMN. For the purpose of explaining

Phase boundaries . .
Magnitude boundaries

A .
Tolerance circle
(CISPR 16-4-2)
25 Q - AZ

3 ?,

S AMN impedance

©

(]

4

PaMN
0Q 50 Q

IEC 0515/14

Figure 1.1 — Definition of impedance magnitude and phase tolerances

dance. Additional software would be required for that purpose. Therefore the use of
fing specification of the magnitude tolerance and the addition of a specification of
Ee tolerance are advisable. Using trigonometric functions, a value of Agp = 11,54° fol

Alz|/|z|=02.
PR/TR 16-4-1 can be takeh'as a theoretical basis for uncertainty and reproducibilit

ence of deviations from the specified phase of a V-AMN, Equation (15) of CISPR/TR
P009 can be used:

AVm _ZdO +Z13 (AQ+AUd]+ ZdO [AZin _AZd]
Vint Zg+Zin (g Vqo Zg+Zin\ Z13  Zqgo

e

mt

Z43 is the ideal impedance of the V-AMN;

Zin = Z13 + AZm

Zg0- Vdo are the true values of the disturbance source (i.e. the EUT)
parameters;

ag is the true value of the V-AMN voltage division factor;

AV, Aa, are deviations from the true or ideal values.

AVy, AZ,,

AZg

the
the
the
ows

y of
the
16-

(1.1)

is the true voltage reading at the CISPR receiver in the ideal situation;
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Because we are interested in the effect of the phase tolerance on the uncertainty, the
contributions Aa, AVy and AZy may be set to zero and based on Equation (17) of
CISPR/TR 16-4-1:2009 we get:

AV Zgo [Azi”chz AZj, 12)

Vmt  Zd +Zin \ Z13 213

The absolute value of the coefficient ¢, is shown as a function of the phase angle difference
= @zin — ®40 = Pamn — @eut Of the impedances of Z;, and Zyy = Zgyr in Figure 17 of

¢
CISPR/TR 16-4-1:2008 for severalvalues-of theratioZ iz ok

The|absolute value of ¢, has been calculated using a spread sheet for several valugs-of g1
(0°,1-45°, -90°), gamn (0°, 30°, 46°), 1Z43/Z4ol (0,1; 0,2; 0,4; 0,8; 1,0; 1,4) andxfor Agaun
(-23°; -11,5°; 11,5°; 23°). For the purpose of this investigation, the absolute value off the
factor AZ;,/Z,3 has been set to 0,2 (i.e. to the maximum of the impedance magnitude
tolerance), i.e.

AV

=lea|x0,2 (1.3)

mt

For p comparison of the voltage level deviations due to phase’deviations, the logarithms have
been calculated as follows:

Level deviation = 20 Ig[1 _ Al J (1.4)
Vint
The(level deviations have been compared-for the results with Apyyny = -23° and -11,59, as

welllas for Apayy = 11,5° and 23°, e.golevel deviation,s. — level deviationyq 5.

The|results thus obtained are:

For eyt = 0° and payn = 0°nlevel deviation, 3. — level deviationy 5. = 0,018 dB (max.)

For eyt = —45° and ppyN .= 46°: level deviation,ys- — level deviation4 5o = 0,27 dB (max.)
For eyt = —45° and@payn = 30°: level deviationys. — level deviationy4 50 = 0,86 dB (max.)
For eyt = —90° and’paN = 46°: level deviationys. — level deviationy4 5o = 3,07 dB (max.)
Comment: the{comparison of level deviations for Apyyy = 11,5° and 23° shows that| the
reprpducibility’ of measurements is not only influenced by the V-AMN impedance but alsp by

the frequency (which determines ¢p) ) @and by the phase angle ¢g 1. The reader can easily
understand this by looking at Figure 17 of CISPR/TR 16-4-1:2009.

Conclusion: The investigation above shows that it is not sufficient to specify a tolerance of the
magnitude of the V-AMN input impedance. Limiting the phase tolerance of the V-AMN input
impedance by using IApaun maxl = 11,5° does not cause a manufacturing problem for the
V-AMN, but improves the reproducibility of measurement for identical EUTs.
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Annex J
(informative)

Example CDNE set-up diagrams

J.1 CDNE-M2 and CDNE-M3

Examples of CDNEs for the mains connection of protection class | and class Il are shown in
Figures J.1 and J.2.

Measuring port
CDNE metal case

L
oo™ PE
EUT AL N  AE/mains
~Le g L
%C3 ==Cy
IEC 0516/14
Key

Cy Cy G4y =11F
Ly, L Ly > 10 pH

Lils, Lg > 5 uH
Ry Ry Ry =500Q
R,=8330Q
Ay ons > 6 dB

meas

PE = protective earth
N = neutral
L =line

NOTE “AE/mains” can include a.c. mains, d.c. supply as well as control/communication lines.

Figure J.1 — CDNE-M3 with internal attenuator a,,,,; of at least 6 dB
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Measuring port
CDNE metal case
- =y
Ameas
R3
[ Cq Cy L1, L2 L
1_ T Mi. N
EUT l ® Ly AE/maing
Y Y\ _ Y Y
° (Y r
C3 UC4
s IEC 0517/14

Key
Cy, Cp C3 C4=1nF
L, L, >10 uH

Lg, Ly > 5 pH
Ry R;=500Q
R, =75Q
Aeas > 6 dB
N = neutral
L =line

NOTE “AE/mains” can include a.c. mains, d.c. supply as well as control/communication lines.

Figure J:2.~ CDNE-M2 with internal attenuator a,,,,; of at least 6 dB
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J.2 CDNE-Sx

Figure J.3 shows an example of a CDNE-Sx for screened cables.

Measuring port
gp CDNE metal case

ral
Connection
to cable screen
Ameas
_\ | Lem
EUT AE/mains
Screened
bulkhead Screened
connector bulkhead
Ferrite toroids connector
Isolation plate, Multi-conductor screened cable J—
shunt C <1 pF IEC 0518/14
Key
R, =100 Q
Loy >10 pH
a > 6 dB

meas —

NOTE “AE/mains” can include AC mains, DC supply as wellas control/communication lines.

attenuator of at least 6 dB

Figure J.3 — CDNE-Sx for screened cable with x internal wires and an internal
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE
COMITE INTERNATIONAL SPECIAL DES PERTURBATIONS RADIOELECTRIQUES

SPECIFICATIONS DES METHODES ET DES APPAREILS DE MESURE
DES PERTURBATIONS RADIOELECTRIQUES ET DE L'IMMUNITE
AUX PERTURBATIONS RADIOELECTRIQUES -

Partie 1-2: Appareils de mesure des perturbations

Dispositifs de couplage pour la mesure des perturbations conduites

AVANT-PROPOS

b Commission Electrotechnique Internationale (CEIl) est une organisation maondiale de normalis
bmposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de la CEIl). La (
bur objet de favoriser la coopération internationale pour toutes les questions(de normalisation dan
bmaines de ['électricité et de I'électronique. A cet effet, la CEl — entre autres activités — publie des No
ternationales, des Spécifications techniques, des Rapports techniques, des-Spécifications accessiblg
Lblic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de la CEL")/Leur élaboration est confiée

bmités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer
ganisations internationales, gouvernementales et non gouvernementales, en liaison avec la CEl, partig
balement aux travaux. La CEI collabore étroitement avec I'Organisation Internationale de Normalisation (|
blon des conditions fixées par accord entre les deux organisations,

bs décisions ou accords officiels de la CEl concernant les questions techniques représentent, dans la m
I possible, un accord international sur les sujets étudiés;)etant donné que les Comités nationaux de |4
téressés sont représentés dans chaque comité d’études.

s Publications de la CEIl se présentent sous la fofme’de recommandations internationales et sont ag
bmme telles par les Comités nationaux de la CEl. Fous les efforts raisonnables sont entrepris afin que |
assure de I'exactitude du contenu technique dé(ses publications; la CEl ne peut pas étre tenue respon
e I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

ans le but d'encourager I'uniformité internationale, les Comités nationaux de la CEl s'engagent, dans to
esure possible, a appliquer de fagon.transparente les Publications de la CEIl dans leurs publicg
btionales et régionales. Toute divergence entre une Publication de la CEIl et une quelconque publig
htionale ou régionale correspondantendoit étre indiquée en termes clairs dans la derniére.

sponsabilité pour les équipements déclarés conformes a une de ses Publications.

andataires, y compris’ ses experts particuliers et les membres de ses comités d'études et des Co
htionaux de la CEk~pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout
bmmage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les coldts (y compris les
b justice) et{les'dépenses découlant de la publication ou de l'utilisation de cette Publication de la CEI ¢
ute autre(Publication de la CEI, ou au crédit qui lui est accordé.

attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicg
férencées est obligatoire pour une application correcte de la présente publication.

convient que tous les utilisateurs vérifient qu'ils disposent de la derniére édition de la présente publicatign.
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attention est attirée sur le fait que certains des éléments de |a présente Publication de |la CEl peuvent

faire

I'objet de droits de brevet. La CEIl ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
de brevets et de ne pas avoir signalé leur existence.

La Norme internationale CISPR 16-1-2 a été établie par le sous-comité A de la CISPR:
Mesures des perturbations radioélectriques et méthodes statistiques, du comité d’études
CISPR de la CEIl: Comité international spécial des perturbations radioélectriques.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2003,
I'Amendement 1 (2004) et I'Amendement 2 (2006). Cette édition constitue une révision
technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:
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a) des exigences de la CISPR 22 relatives aux AAN ont été copiées dans la présente norme;

b) le CDNE pour la mesure de la tension perturbatrice dans la gamme de fréquences de
30 MHz a 300 MHz a été ajouté;

c) une maintenance supplémentaire est incluse.
Elle a le statut d'une publication fondamentale en CEM (Compatibilité Electromagnétique)

conformément au Guide 107 de la CEIl, Compatibilité électromagnétique — Guide pour la
rédaction des publications sur la compatibilité électromagnétique.

Le texte de la présente norme est issu des documents suivants:

FDIS Rapport de vote
CISPR/A/1051/FDIS CISPR/A/1059/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information. 'sur le vote ajyant
aboliti a I'approbation de cette norme.

Une| liste de toutes les parties de la série CISPR 16, publiées\sous le titre géréral
Spétifications des méthodes et des appareils de mesure des pertarbations radioélectriqugs et
de [immunité aux perturbations radioélectriques, peut étre consultée sur le site web de la
CEl

La pgrésente publication a été rédigée selon les Directives\V\SO/CEI, Partie 2.

Le gomité a décidé que le contenu de la présente{publication ne sera pas modifié avant la
datg de stabilité indiquée sur le site web de la €El a 'adresse «http://webstore.iec.ch» dans
les données relatives a la publication recherchée. A cette date, la publication sera

* feconduite,

* gupprimée,

* femplacée par une édition révisée; ou
+ amendée.

IMPDRTANT - Le logo.-"colour inside” qui se trouve sur la page de couverture de cdtte
publication indique-qu'elle contient des couleurs qui sont considérées comme utiles a
une|bonne compréhension de son contenu. Les utilisateurs devraient, par conséquI}\t,
imprimer cette publication en utilisant une imprimante couleur.
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SPECIFICATIONS DES METHODES ET DES APPAREILS DE MESURE
DES PERTURBATIONS RADIOELECTRIQUES ET DE L'IMMUNITE
AUX PERTURBATIONS RADIOELECTRIQUES -

Partie 1-2: Appareils de mesure des perturbations
radioélectriques et de I'immunité aux perturbations radioélectriques —
Dispositifs de couplage pour la mesure des perturbations conduites

1 |Domaine d'application

La pgrésente partie de la série CISPR 16 spécifie les caractéristiques et les petformances|des
appdreils de mesure de tensions et de courants perturbateurs radioélectriques dans la pJage
de fféquences comprises entre 9 kHz et 1 GHz.

NOTE Selon le Guide 107 de la CEIl, la présente partie de la CISPR 16 constituenune norme fondamentaje en
CEM|destinée a l'usage des comités de produits de la CEl. Comme mentionné dans le Guide 107, les comités de
prodyits sont responsables de la détermination de I'applicabilité de la norme €EM. Le CISPR et ses sous-comités
sont [préts a coopérer avec les comités de produits a I'évaluation de la_&aleur des essais CEM spécifigyes a
certajns produits.

Les [spécifications relatives aux matériels d'appoint sont inhcluses pour les réseaux fictifs| les
sontes de courant et de tension et les boftiers de-couplage pour injection de couranf au
nivejpu des cables.

Il edt prévu que les exigences de la présente publication satisfassent a toutes les fréquerxces
et a[tous les niveaux de tension et de courantirradioélectriques perturbateurs, dans les limites
de la plage de lecture des appareils de mesure de la CISPR.

supplémentaires relatives aux pérturbations radioélectriques sont communiquées par la
séri¢ CISPR 16-3, alors que les_incertitudes, les statistiques et la modélisation des linpites
sonf fournies dans la série CISPR 16-4.

Les| méthodes de mesure sont traitées dans la série CISPR 16-2, et des informaralions

2 [Références normatives

Les |documents_sujvants sont cités en référence de maniére normative, en intégralité ol en
partle, dans d{e_présent document et sont indispensables pour son application. Pour| les
réféfences, (datées, seule I'édition citée s’applique. Pour les références non datéeq, la
derniéere -“édition du document de référence s’appliqgue (y compris les évenfluels
amegndements).

CISPR 16-1-1:2010, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 1-1:
Appareils de mesure des perturbations radioélectriques et de I'immunité aux perturbations
radioélectriques — Appareils de mesure

CISPR 16-2-1:2014, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 2-1:
Méthodes de mesure des perturbations et de I'immunité — Mesures des perturbations
conduites

CISPR 16-4-2:2011, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 4-2:
Incertitudes, statistiques et modélisation des Ilimites — Incertitudes de mesure de
I'instrumentation


https://iecnorm.com/api/?name=1fd38c5ae6a11afe392c37716ba6254f

- 100 - CISPR 16-1-2 © CEI:2014

CEI 60050 (toutes les parties), Vocabulaire Electrotechnique International (disponible sur
«http://www.electropedia.org»)

CEI 61000-4-6:2008, Compatibilité électromagnétique (CEM) — Partie 4-6: Techniques d'essai

et de mesure — Immunité aux perturbations conduites, induites par les champs
radioélectriques

3 Termes, définitions et abréviations

3.1 _Termes et définitions

Pour les besoins du présent document, les termes et définitions donnés dans la CEl 60D50,
ainsj que les suivants s'appliquent.

3.1.1

matgriel d'appoint

trangducteurs connectés au récepteur de mesure ou au générateur de’signal (d'essal|) et
utiligés dans le transfert du signal perturbateur entre le matériel en essai (EUT) et le matgriel

de mesure ou d'essai

Note

Note

3.1.2

matgriel associé

AE

matériel nécessaire pour aider au fonctionnement du matériel en essai qui ne fait pas p
du systéme soumis a essai

Note
equig

3.1.3

ten
d'ali

Note
désig
corre

Note

tenjion asymétrique
i

menty».

ion perturbatrice radioélectrique apparaissant entre le point milieu électrique des bo
mentation et la terre, quelquefois appelée tension de mode commun

1 a l'article:  Si I désigne la tension vectorielle entre I'une des bornes d'alimentation et la terre, et q
ne la tension vectofielle entre les bornes d'alimentation restantes et la terre, alors la tension asymét
spond a la mgoitié de la somme vectorielle de V', et de ¥, soit (V, + V,)/2.

1 a l'article: Des exemples de transducteurs sont les sondes de courani-et de tension, et les réseaux figtifs.

2 a l'article: L’abréviation «<EUT» est dérivée du terme anglais développé correspondant «Equipment Under
Testy.

artie

1 a [larticle: L’abréviation «AE» est-dérivée du terme anglais développé correspondant «assodiated

fnes

e v,
rique

, tel

1 al'article: La tension symétrique correspond a la différence vectorielle (V, - 7,).

315
tension dissymétrique

amp

Note

Note

litude de la tension vectorielle, 7, ou ¥}, définie en 3.1.3 et 3.1.4

1 a l'article: La tension dissymétrique correspond a la tension mesurée en utilisant un réseau fictif en V.

2 a l'article: Voir les notes en 3.1.3 et 3.1.4 pour en savoir plus sur V_ et V.
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3.1.6

réseau fictif d'alimentation

AMN

réseau permettant d'envoyer une impédance RF définie a I'EUT, de coupler la tension
perturbatrice au récepteur de mesure et de découpler le circuit d'essai de I'alimentation

Note 1 a l'article: 1l existe deux types principaux de réseau fictif: le réseau enV (AMN en V) qui délivre les
tensions dissymétriques, et le réseau en delta (AMN en A) qui délivre les tensions symétriques et asymétriques
séparément.

Note 2 a l'article: Les termes «réseau de stabilisation d'impédance de ligne» (RSIL) et «KAMN en V» sont
interchangeables.

Note[3 a l'article: L'abréviation «AMN» est dérivée du terme anglais développé correspondant «artificialimains
netwprk».

3.1.%
résgau fictif asymétrique
AAN
réseau utilisé pour mesurer (ou injecter) des tensions asymétriques (made ‘commun) sur|des
ligng¢s de signal symétrique non blindées (par exemple de télécommunication) tout en rejgtant
le signal symétrique (mode différentiel)

Note[1 a I'article: Le terme «réseau en Y» est un synonyme de réseau fictif@symétrique (AAN).

Note|2 a Il'article: L'abréviation «AAN» est dérivée du terme anglais™développé correspondant «Asymmetric
Artifigial Network».

3.1.8
matgriel auxiliaire

AuxEq

périphérique faisant partie du systeme soumis_a-essai

Note[1 a [larticle: L’'abréviation «AuxEq» est dérivée du terme anglais développé correspondant «aujiliary
equigment».

3.1.9
résgau de couplage/découplage
CDN
réseau fictif pour la mesure jou l'injection de signaux sur un circuit tout en évitant que|des
signfaux soient mesurés ou.injectés dans un autre circuit

Note|1 a I'article: L’abréviation «CDN» est dérivée du terme anglais développé correspondant «coupling/decodpling
network».

3.1.10
CDNE-X
réseau (de- couplage/découplage dédié aux émissions pour la mesure de la tension
perturbatfice dans la gamme de fréquences de 30 MHz a 300 MHz, ou le suffixe «X» peut|étre
«M2»—pour—une—alimentation—a—deux—fils—nonblindée—un—courant continu—ou—des—pors de
commande, «M3» pour une alimentation a trois fils non blindée, un courant continu ou des
ports de commande, et «Sx» pour un cable blindé avec x fils internes

Note 1 a I'article: Voir I'Annexe J pour en savoir plus sur le CDNE-X.

3.1.11

matériel en essai

EUT

matériel (dispositifs, appareils et systémes) soumis aux essais de conformité en matiére de
CEM (émission)

Note 1 a I'article: L’abréviation «<EUT» est dérivée du terme anglais développé correspondant «equipment under
test».


https://iecnorm.com/api/?name=1fd38c5ae6a11afe392c37716ba6254f

3.1

-102 - CISPR 16-1-2 © CEI:2014

A2

adaptateur de mesure d'impédance
IMA
plan vertical métallique de 0,1 m sur 0,1 m raccordé au plan de masse de référence et doté

de

ports de connexion pour un analyseur de réseau et un CDNE

Note 1 a [larticle: L’abréviation «IMA» est dérivée du terme anglais développé correspondant «impedance
measurement adaptator».

3.1

A3

affaiblissement de conversion longitudinale

AC

pouf un réseau a un ou a deux ports, mesure du degré du signal transversal non-dd
(mode symétrique) qui apparait aux bornes dudit réseau du fait de la présence d'uh/si

lon

Note|1 a I'article: L'ACL est un rapport exprimé en dB.

[SOURCE: Recommandation UIT-T 0.9 [8]1]

3.1

plan de masse de référence
RGR
surface conductrice linéaire utilisée comme référence comimuhe et permettant d'obtenir
capacité parasite définie autour d'un EUT

Note|1 a l'article: Un plan de masse de référence est nécessaire pour les mesures d'émissions conduites, e

de tefre de référence pour les mesures de tensions perturbatricés dissymétriques et asymétriques.

Note[2 a I'article: L’abréviation «<RGP» est dérivée du terme anglais développé correspondant «reference g
plang».

3.2 | Abréviations

Les |abréviations suivantes sont utilisées dans la présente norme et n'ont pas été four
en 3.1.

ACL Longitudinal convgrsion loss (Affaiblissement de conversion longitudinale)

AN Artificial network (réseau fictif)

CVH Capacitive-voltage probe (Sonde de tension a couplage capacitif)

f.e.m Foreg, électromotrice

ISN Impedance stabilization network (Réseau de stabilisation d'impédance)

ITE frformratiomtechmotogy equipment(Appareitdetraitementdetimformation)

L

gitudinal (mode asymétrique) sur les conducteurs

14

siré
gnal

une

sert

ound

nies

NWA Network analyser (Analyseur de réseau)

PE

RF

Protective earth (Terre de protection)

Radiofréquence

1

Les chiffres entre crochets se référent a la Bibliographie.
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4 Réseaux fictifs d'alimentation

4.1 Généralités

Un réseau fictif est nécessaire pour fournir une impédance RF définie aux bornes de I'EUT,
afin d'isoler le circuit d'essai des signaux RF indésirables issus du réseau d'alimentation, et
pour coupler la tension perturbatrice au récepteur de mesure.

Il existe deux principaux types de réseau fictif: le réseau en V (AMN en V) qui délivre les
tensions dissymétriques, et le réseau en delta (AMN en A) qui délivre les tensions

svym Atrionine At nov i Atrinine o ANna
ymgtrigaes-et-asymétrigues-sépa

Chapue type de conducteur d'alimentation est doté de trois bornes: la borne d'aliméentgtion
permettant le branchement au réseau d'alimentation, la borne appareil permettant le
branchement a I'EUT, et la borne de sortie de perturbation permettant le branchement a
I'appareil de mesure.

NOTE 1 Des exemples de circuits d'AMN sont fournis en Annexe A.

NOTIE 2 Le présent Article définit les exigences d'impédance et d'isolation pour 'AMN, y compris les méthodes de
mesyres associées. Des éléments de contexte et de justification relatifs aux incértitudes liées a I'AMN sont fdurnis
en 6.2.3 de la CISPR/TR 16-4-1:2009 et dans la CISPR 16-4-2.

4.2 | Impédance de I'AMN

La gpécification de lI'impédance d'un AMN comprend {'amplitude et la phase de l'impéd4nce
mesjurée sur une borne d'un EUT par rapport a la terre de référence, lorsque l'accés du
récgpteur est terminé par une résistance de 50 Q.

L'impédance sur les bornes d'un EUT de I'AMN détermine I'impédance de charge au niyeau
dudit EUT. C'est pourquoi, lorsqu'une borne.de sortie de perturbation n'est pas connectég au
récepteur de mesure, celui-ci doit étre terminé par une résistance de 50 Q. Afin de gargantir
une|terminaison de 50 Q au niveau defaccés du récepteur, un atténuateur de 10 dB doit|étre
utiligé a l'intérieur ou a I'extérieur du réseau, son RPS (relevé depuis l'autre c6té) devant|étre
inféfieur ou égal a une valeur comprise entre 1,2 et 1. L'affaiblissement doit &tre pris en
comjpte dans la mesure du factelr de division en tension (voir 4.11).

L'impédance entre chaquée conducteur (a I'exception de celui de protection PE) des bornepg de
I'EUT et la terre de référence doit étre conforme aux dispositions spécifiées en 4.3, 4.4,(4.5,
4.6 pu 4.7 selon lescas, pour chaque valeur d'impédance externe, y compris dans le cas g'un
couft-circuit entre “ta borne maitresse correspondante et la masse de référence. (ette
exigfnce doit étre satisfaite a toutes les températures que le réseau peut atteindre dans|des
conditions nofmales de fonctionnement pour des courants permanents jusqu'au maxirfpum
spéc¢ifié. Cette exigence doit aussi étre satisfaite pour les courants de créte jusqu'au
maximum spécifié.

Lorsque les exigences en termes de phase ne peuvent étre satisfaites, les angles de phase
mesurés dans le bilan d'incertitude doivent étre pris en compte conformément a la CISPR 16-
4-2. L'Annexe | fournit des directives de calcul de l'incidence d'incertitude de la phase lorsque
les limites de tolérance ne sont pas respectées.

NOTE Comme les connecteurs des EUT ne sont pas optimisés pour les fréquences radioélectriques jusqu'a
30 MHz, la mesure de l'impédance du réseau est effectuée avec des adaptateurs de mesure spécifiques
permettant des connexions courtes. L'étalonnage OSM (ouverture/court-circuit/correspondance, de I'anglais
Open/Short/Matched) de I'analyseur de réseau est utilisé pour qualifier les adaptateurs en prenant en compte les
pertes d'insertion et les longueurs des conducteurs desdits adaptateurs.
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L'AMN doit offrir une caractéristique d'impédance (amplitude et phase) qui dépend de la
fréquence indiquée au Tableau 1 et en Figure 1 pour la plage de fréquences correspondante.

Des tolérances de + 20 % pour I'amplitude et de + 11,5° pour la phase sont autorisées.

Tableau 1 — Amplitudes et angles de phase du réseau en V (voir Figure 1)

Fréquence Amplitude de Angle de phase
en MHz I'impédance en degrés
en Q
0,009 5,22 26,55
0,015 6,22 38,41
0,020 7,25 44,97
0,025 8,38 49,39
0,030 9,56 52,33
0,040 11,99 55,43
0,050 14,41 56,40
0,060 16,77 56,23
0,070 19,04 55,40
0,080 21,19 54,19
0,090 23,22 52,77
0,100 25,11 51,22
0,150 32572 43,35

NOTE Si ce réseau AMN satisfait aux exigences d'impédance spécifiées en 4.3 et 4.4, il peut étre aussi U
la plage de fréquences comprises entre 150 kHz et 30 MHz.

dans

tilisé
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4.4 Réseau fictif en V (AMN en V) de 50 Q/50 uH pour une utilisation dans la plage de
fréquences comprises entre 0,15 MHz et 30 MHz

L'AMN doit offrir une caractéristique d'impédance (amplitude et phase) en fonction de la
fréquence indiquée au Tableau 2 et en Figure 2 pour la plage de fréquences correspondante.
Des tolérances de = 20 % pour I'amplitude et de + 11,5° pour la phase sont autorisées.

Tableau 2 — Amplitudes et angles de phase du réseau en V (voir Figure 2)

Fréquence Amplitude de Angle de phase
en MHz I'impédance en degrés
en Q
0,15 34,29 46,70
0,17 36,50 43,11
0,20 39,12 38,51
0,25 42,18 32,48
0,30 4417 27,95
0,35 45,52 24,45
0,40 46,46 21,70
0,50 47,65 17,66
0,60 48,33 14,86
0,70 48,76 12,81
0,80 49,04 11,25
0,90 49,24 10,03
1,00 49,38 9,04
1,20 49,57 7,56
1,50 49,72 6,06
2,00 49,84 4,55
2,50 49,90 3,64
3,00 49,93 3,04
4,00 49,96 2,28
5,00 49,98 1,82
7,00 49,99 1,30
10,00 49,99 0,91
15,00 50,00 0,61
20,00 50,00 0,46
30,00 50,00 0,30
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4.5 Réseau fictif en V (AMN en V) de 50 Q/5 uH + 1 Q pour une utilisation dans la
plage de fréquences comprises entre 150 kHz et 108 MHz

L'AMN doit offrir une caractéristique d'impédance (amplitude et phase) en fonction de la
fréquence indiquée au Tableau 3 et en Figure 3. Des tolérances de + 20 % pour I'amplitude et
de + 11,5° pour la phase sont autorisées.

Tableau 3 — Amplitudes et angles de phase du réseau en V (voir Figure 3)

Fréquence Amplitude de Angle de phase
en MHz I'impédance en degrés
en Q
0,15 4,70 72,74
0,20 6,19 73,93
0,30 9,14 73,47
0,40 12,00 71,61
0,50 14,75 69,24
0,70 19,82 64,07
1,00 26,24 56,54
1,50 33,94 46,05
2,00 38,83 38,15
2,50 41,94 32,27
3,00 43,98 27,81
4,00 46,33 21,63
5,00 47,56 17,62
7,00 48,71 12,80
10,00 49,35 9,04
15,00 49,71 6,06
20,00 49,84 4,55
30,00 49,93 3,04
50,00 49,97 1,82
100,00 49,99 0,91
108,00 49,99 0,84
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60
40 AL |z Ohm
. Q Angle Degré
£5
£ 0
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20 % 50 ;
5002 gou iin}
0 !
0,001 0,01 0,1 1 10 100
Fréquence (MHz)
IEC 0455/14
Figure 1 — Impédance (amplitude et phase) du réseau en V
pour la bande A (de 9 kHz a 150 kHz) (voir'4.3)
60
40
| A 121 Ohm
£ |
oa % Angle Degré
20
0
071 1 10 30
Fréquence (MHz) IEC 0456/14
Figure-2.— Impédance (amplitude et phase) du réseau en V pour la bande B (voir 4.4)
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80

0 A |Z] Ohm
I 5uH
60 %Angle Degré

Ohm
Degré

40

4.6

Le rgseau doit offrir une impédance d'amplitude dé{(150 + 20) Q, avec un angle de phas
dépassant pas 20°.

4.7

4.7.1

Le rgseau doit offrir une impédance d'amplitude de (150 + 20) Q, avec un angle de phas

Figure 3 — Impédance (amplitude et phase) du réseau en V pour les bandes B et (

20

0,1 1 10 100 ) ;200

Fréquence (MHz) 'eC 0457/14

(de 150 kHz to 108 MHz) (voir 4.5)

Réseau fictif en V (AMN en V) de 150 Q pour une-utilisation dans la plage de
fréquences comprises entre 150 kHz et 30 MHz

Réseau fictif en delta (AMN en A) de*150 Q pour une utilisation dans la plage d
fréquences comprises entre 150.kHz et 30 MHz

Paramétres généraux

e ne

®

e ne

dépassant pas 20° entre lessdeux bornes appareil, et entre ces derniéres réunies et la ferre

de rgférence.

Pouf
nécissaire. Afin d'éviter une modification importante de l'impédance du réseau, I'impéda

d'en
con(
com

4.7.1

la mesure de( la tension symétrique, un transformateur blindé et symétrique

rée du transformateur ne doit pas étre inférieure a 1 000 Q, peu importe la fréqug
ernée. lia—tension relevée par le récepteur de mesure dépend des valeurs
posants\du réseau et du rapport du transformateur. Le réseau doit étre étalonné.

est
nce
bnce
des

Symétrie d'un réseau fictif en delta de 150 Q

Du fait de la nature symétrique que doit offrir le systéme comprenant le réseau et le récepteur
de mesure connecté a celui-ci par l'intermédiaire du transformateur, la mesure de la tension
symétrique ne doit pas étre considérablement affectée par la présence d'une tension
asymeétrique. La symétrie doit é&tre mesurée a I'aide du circuit présenté en Figure 4.
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Appareil de mesure

®

a

Une
terrd
extr

Une
doit

4.8
4.8.1
Afin

I'img
fréq

chaque borne maitresse et l'accés du récepteur d'une terminaison donnée de l'accéq

I'EU

cables et filtres externes complémentaires.

Un
inter
CIs

o
IEC 0458/14
R correspond aux résistances de 200 Q identiques a 1 %
prés
P, etP, correspondent aux bornes du réseau dédiées a la

connexion du dispositif

Figure 4 — Méthode de vérification de la symétrie de I'installation
pour la mesure de tensions symétriques

Emité de ces résistances est raccordée aux bornes appareil’de I'AMN.

tension Vg est relevée en position de mesure de la tension symétrique. Le rapport J
étre supérieur a 20:1 (26 dB).

Isolation
Exigence
édance inconnue du réseau d'alimentation n'affectent pas la mesure de chacune
llences d'essai, une isolation minimale (facteur de découplage) doit étre respectée €

T. Voir Tableau 4. Cette_exigence s'applique a I'AMN en V (AMN en V), a l'exclusion

filtrage additionnél>'externe a I'AMN peut s'avérer nécessaire pour supprimer
férences au piveau de l'accés d'alimentation (voir les exigences pratiques d¢
PR 16-2-1).

Tableau 4 — Valeurs d'isolation minimale pour les réseaux en V

tension V, est injectée a partir d'un générateur d'impédance_interne de 50 Q entre la
de référence et le point milieu de deux résistances de _200'Q + 1 % chacune. L'qutre

v,

de garantir que des signaux non désirés existants du cbété de [l'alimentatiop et

des
ntre

de
des

les
la

D

Paragraphe Type de réseau en V Plage de fréquences Isolation minimale
en MHz en dB
4.3 50 Q/50 pH + 5 Q 0,009 a 0,05 0 & 40°
0,05 a 30 40
4.4 50 /50 pH 0,15 a 30 40
45 50 Q/5 uH + 1 Q 0,154 3 0 a 40°
3a108 40

a . ' . . L . .
Ces valeurs signifient que I'isolation minimale augmente linéairement avec le logarithme de fréquence

4.8.2 Procédure de mesure

La configuration d'essai est représentée en Figure H.1. A des fins de mesure, un signal V, est
relevé pour une impédance de charge de 50 Q avec une impédance de source de résistance
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identique. Cette source de signal doit ensuite étre connectée aux bornes maitresses
correspondantes et a la terre de référence, les bornes de I'EUT associées devant étre
terminées par une résistance de 50 Q. La tension de sortie V', doit étre mesurée au niveau de
I'accés du récepteur (lequel est terminé par une résistance identique). L'affaiblissement
provenant de l'atténuateur de 10 dB (décrit en 4.2) doit étre ajouté a I'exigence d'isolation.
L'exigence d'isolation doit étre satisfaite pour toutes les bornes d'alimentation et de I'EUT. Si
la terminaison des autres bornes d'alimentation influence le résultat de mesure, I'exigence
doit étre satisfaite avec les autres bornes d'alimentation ouvertes et court-circuitées.

L'équation suivante doit étre satisfaite:

Vi—Vy2Fp+4 (1)
ou

V4 est la tension de référence aux bornes maitresses en dB(uM,);

Vs est la tension de sortie au niveau de l'accés du réceptéeur en dB(uV);

Fp est I'exigence minimale d'isolation (facteur de déCouplage) en dB;

A est I'affaiblissement de I'atténuateur intégré ‘en dB.

NOTE Comme les connecteurs des EUT ne sont pas optimisés{ pour les fréquences radioélectriques jupqu'a
30 MHz, la mesure de l'isolation du réseau est effectuée avec~des’ adaptateurs de mesure spécifiques permettant
des donnexions courtes. Il est nécessaire d'effectuer la mesure‘de ¥, avec l'adaptateur raccordé a la source.

4.9 | Courants maximaux et chute de tension“série

Les |courants permanents maximaux et le_courant de créte maximal doivent étre spécifiéq. La
tensiion appliquée a I'EUT lors du passage de courants continus jusqu'aux valeurs maximjles
ne ¢oit pas étre inférieure a 95 % de la tension d'alimentation au niveau des bofnes
d'alimentation de I'AMN.

4.10 Prise de terre de référence modifiée

La mesure de certains types d'appareils peut nécessiter l'insertion d'une impédance dans le
concLucteur de terre~de référence des AMN spécifiee en 4.3 et 4.4, conformément |aux
exigences des publications relatives a ces produits. Ladite insertion est réalisée au point X
indiqué sur le conducteur de terre de référence des Figures 5 et 6 respectives. L'impédange a
insérer est soitvune inductance de 1,6 mH, soit une impédance conforme a l'exigence
spécifiée en4,3 ou 4.4, selon la plage de fréquences appropriée.

NOTE _orsque I'on considére la plage de fréquences qui s'étend de 9 kHz a 150 kHz, il ne faut pas inséfer la
résisfance’de 5 Q du réseau fictif en V pour des raisons de sécurité.
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P/L Lo L4 R3

T/E
Récepteur

al'essai de mesure

]

1

- I
Matériel |
|

I

I

|

|

IEC 0459/14

Figure 5 — Exemple de réseau fictif en V de 50 Q/50 uH + 5 Q
(voir 4.3 et A.2)

P/L L4 R4
1—o
o R
| . ’_G/o—:l—«
! l
T/IE 1 L 1 I
X Matériel i I Récepteur
o O alessai 1 I de mesure
I
: —0 R3 |
! e e
- A\
R4
. 2 e R4

IEC 0460/14

Figure 6~ Exemple de réseau fictif en V de 50 Q/50 pH, 50 Q/5 pH + 1 Q ou 150 Q
(voir 4.4, 4.5, 4.6, A.3, A4 et A.5 respectives)

4.11 Mesure du facteur de division en tension des réseaux fictifs en V

Le facteur de division en tension entre les accés de I'EUT et de la sortie RF du réseau fictif
en V doit étre mesuré et pris en compte lors de la mesure de la tension perturbatrice. Une
procédure de mesure du facteur de division en tension est fournie en A.8.

5 Sondes de courant et de tension

5.1 Sondes de courant
51.1 Généralités

Il est possible de mesurer les courants perturbateurs asymétriques des cables sans produire
de contact électrique direct avec le conducteur source ni modifier son circuit, en utilisant des
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pinces-transformateurs de courant, congues spécialement a cet effet. L'utilité de cette
méthode est évidente: des solutions complexes (systémes de cablage, circuits électroniques,
etc.) peuvent étre mesurées sans interruption du fonctionnement ni modification de la
configuration. La sonde de courant est congue de fagon a pouvoir se refermer correctement
autour du conducteur a mesurer. Le conducteur représente un bobinage primaire a une spire.
Le bobinage secondaire se trouve dans la sonde de courant.

Bien que la plage de mesure primaire s'étende de 30 Hz a 1 000 MHz, les sondes de courant
peuvent étre congues pour des mesures réalisées dans une plage de fréquences comprises
entre 30 Hz et 100 MHz. Au-dela de 100 MHz, les courants a ondes stationnaires des
systémes de puissance classiques exigent que la position de la sonde de courant soit
optimisée en vue de détecter le courant maximal.

Les|sondes de courant sont congues pour fournir une réponse en fréquence linéaire‘sur tpute
la Bande passante. Il est possible d'effectuer des mesures précises a des '“fréquences
infétieures a cette plage linéaire. Le cas échéant, la sensibilité est toutefois réduite du falt de
la valeur plus faible des impédances de transfert. Les mesures réaliséesna.'des fréquences
supérieures a cette plage linéaire sont imprécises en raison des résonances existant dans la
sondle de courant.

Aveg¢ une structure de blindage supplémentaire, une sonde de courant peut étre utilisée pour
mesjurer des courants asymétriques (mode commun) ou symétriques (mode différentiel).
Quelques informations de conception sont fournies en B.5.

5.1.3 Conception

La donde de courant doit étre congue de maniere_a{permettre la mesure du courant sans |qu'il
soit [nécessaire de débrancher le conducteur a mesurer.

L'Annexe B présente quelques configurations*standard des sondes de courant.

5.1.3 Caractéristiques

Impédance d'insertion Impédance maximale de 1 Q

Impédance de transfert De 0,1 Q a 5 Q) dans la plage de réponse linéaire; de

0,001 © a 0,1 Q en dessous de la plage de réponse
linéaire (la sonde étant bouclée par une charge de
50 Q).

NOTE |l est également possible d'utiliser la valeur inverse, ¢'est-
a-dire l'admittance de transfert [en dB(S)]. Lorsqu'elle| est
exprimée en décibels, I'admittance s'ajoute a la valeur relevée sur
le récepteur de mesure. Pour I'étalonnage de l'impédance qu de
I'admittance de transfert, un gabarit spécialement congu a cef| effet
est utilisé (voir Annexe B).

Capacité paralléle supplémentaire Inférieure a 25 pF entre le boitier de la sonde de
courant et le conducteur mesuré.

Réponse en fréquence L'impédance de transfert est mesurée sur une plage
de fréquences déterminée. La plage de fréquences
des sondes individuelles s'étend habituellement de
100 kHz a 100 MHz, de 100 MHz a 300 MHz, et de
200 MHz a 1 000 MHz.

Réponse impulsionnelle A I'étude.

Saturation magnétique Le courant d'alimentation maximal CC ou CA dans le
conducteur primaire permettant d'obtenir une erreur
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de mesure inférieure a 1 dB doit étre spécifié.
Tolérance d'impédance de transfert A I'étude.

Influence des champs magnétiques Réduction de 40dB de la valeur lue lorsqu'un

externes conducteur porteur de courant est déplacé de
I'ouverture de la sonde de courant jusqu'a une
position proche de la sonde.

Influence des champs électriques Immunité aux champs < a 10 V/m.

Inflyence de I'orientation Inférieure a 1 dB jusqu'a 30 MHz et 2,5 dB de.30' MHz
a 1000 MHz, dans le cas d'une utilisation—sunf un
conducteur, quelle que soit sa dimension et [son
emplacement dans l'ouverture.

Ouverture de la sonde de courant Au moins 15 mm.

5.2 Sonde de tension

5.2.1 Sonde de tension a haute impédance

La Figure 7 représente un circuit utilisé pour réaliser des” mesures de tension entrg un
condlucteur d'alimentation et la terre de référence. La soride est composée d'un condensdteur
de Hlocage C et d'une résistance de sorte que la résistance totale entre la ligne et la terre|soit
de 1500 Q. La sonde peut également étre utilisé€)pour effectuer des mesures sur d'aytres
ligngs et, avec certaines applications, son impédance peut devoir étre augmentée de marjiere
a éyiter une charge excessive sur les circuits’a haute impédance. Pour des raisong de
sécurité, il est permis de connecter une indu¢tance en paralléle sur I'entrée de |'appare|l de
mesjure. Il convient que sa réactance inductive, X| , soit largement supérieure a R.
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Réseau d’alimentation

Xc<1500Q == C

(1500 —R) Q

Appareil de mesure

[ O

IEC 0461/14

1500

NOTE V=

ou
vV est la tension perturbatrice;

V., estlatension a l'entrée de I'appareil de mesure.

Figure 7 — Dispositif pour la mesdre de tensions RF sur le réseau d'alimentation

Pouf I'étalonnage des sondes de tension, le facteur de division en tension doit étre meguré
sur un systéme de 50 Q pour'une plage de fréquences comprises entre 9 kHz et 30 MHz. |l
conyient que les effets sur(la précision de la mesure de tout dispositif pouvant étre utiligé a
des [fins de protection sqient inférieurs a 1 dB, ou pris en compte au moment de I'étalonnpge.
On |doit veiller a celgue le niveau de perturbation faisant I'objet de la mesure |soit
suffisamment élevé-par rapport au bruit ambiant pour que la mesure soit significative.

Il canvient de¢réduire la boucle formée par le conducteur connecté a la sonde, le condudteur
d'alimentation)mesuré et la terre de référence afin d'éviter les effets des champs magnétiques
fortq.

5.2.2 - Sonde de tension a couplage capacitif
5.2.2.1 Généralités

Il est possible de mesurer les tensions perturbatrices asymétriques des cables sans produire
de contact électrique direct avec le conducteur source ni modifier son circuit, en utilisant une
pince de couplage capacitif. L'utilité de cette méthode est évidente: des solutions complexes
(systémes de céblage, circuits électroniques, etc.) peuvent étre mesurées sans interruption
du fonctionnement ni modification de la configuration de I'EUT, et ce sans devoir couper le
cable afin d'y insérer un dispositif de mesure. La sonde de tension a couplage capacitif (CVP,
de l'anglais «capacitive voltage probe») est congue de fagon a pouvoir se refermer
correctement autour du conducteur a mesurer.

La CVP est utilisée pour mesurer les perturbations conduites dans la plage de fréquences
comprises entre 150 kHz et 30 MHz avec une réponse quasi linéaire sur la plage prise en
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compte. Le facteur de division en tension, qui est défini par le rapport de la tension
perturbatrice sur le cable avec la tension d'entrée au niveau du récepteur de mesure, dépend
du type de cable. Il convient que celui-ci soit étalonné sur une plage de fréquences propre a
chaque type de cable a partir de la méthode décrite en Annexe G.

Il peut étre nécessaire d'assurer un blindage supplémentaire au niveau de la CVP afin de
fournir une isolation suffisante par rapport au signal asymétrique (mode commun) présent
dans I'environnement du cable (voir 5.2.2.3). L'Annexe G propose un exemple de conception

ains

Cett
téele

5.2.

i qu'une méthode de mesure pour l'isolation.

C\/P _nout atra 1itilicdae naotr maocurar lac nartiirhatinne o1 nivgarr dAac  narte
-+ Po-Ht+—et-e—u 4 potH—eSHUH-e—e8s—perttHoatioRs—att—hRV-eau—ae8s—pot+t

communication. Le niveau mesurable minimal atteint généralement 44 dB(uV).

p.2 Conception

La QVP doit étre congue de maniére a permettre la mesure de la tension sans déconnect

cabl
entr

e @ mesurer. La Figure 8 présente un circuit utilisé pour réaliser des mesures de ten
b un cable et une terre de référence. La sonde est composée d'une pince de coup

capacitif connectée a un amplificateur a transimpédance. La résistdn¢e d'entrée R, d€
amplificateur doit étre suffisamment grande par rapport a la réactance X pour obtenir
répgnse linéaire en fréquence.

L'Arinexe G fournit des instructions pour la réalisation et la vérification standard de la CVH.

Br le
sion
age
cet
une
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Pince de couplage capacitif

Cable A

Ry >> X,
1

jw(Cp +Csi

nde

-
-

«Q

(1]

Récepteur.de.mesure

Cs

/7_7_ IEC  0462/14

©

A0 0
<
0

hel

Capacité entre le cable et la pince

Capacité de I'amplificateur a transimpédance
Capacité entre la sonde et la terre

Facteur de division en tension

Gain de 'amplificateur a transimpédance

~ Q

©

Tension perturbatrice

AN

3

5.2.2.3 Exigences

Capacité-parallele
supplémentaire

Résistance de I'amplificateur a transimpédance

Tension a I'entréedu récepteur de mesure

Figure)8 — Circuit utilisé pour réaliser des mesures de tension
entre un cable et la terre de référence

Inférieure a 10 pF entre la borne de mise a la terre dq la
C\VP et le cable en essai

Réponse en fréquence

Réponse impulsionnelle

Influence du champ électrique
(influence due au couplage
électrostatique avec d'autres
cables pres de la sonde)

Le facteur de division en tension, Foyp = 20 Ig|V/V ,, |
en dB (voir Figure 8), est étalonné sur une plage de
fréquences spécifique.

Maintenir la linéarité pour I'impulsion déterminée a partir
de la méthode spécifiée dans les Annexes B et C de la
CISPR 16-1-1:2010 pour la bande B.

L'indication de la tension est réduite de plus de 20 dB
lorsqu'un céble est retiré de la CVP. La méthode de
mesure est décrite en Annexe G.
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Entrebaillement ou ouverture de

laC

VP [entrebaillement lorsque

les deux électrodes coaxiales Au moins 30 mm.

s'ou

vrent au niveau de lI'encoche

(voir Figure G.1)]

6 Boitiers de couplage pour la mesure de I'immunité aux courants conduits

6.1

condg

utile
qu'il
de ¢
expf

fonctionnement ainsi que des exemples de boitiers et de leur conception!

6.2
6.2.1

Les [contrbéles de fonctionnement des boitiers de couplage‘sont effectués pour une impédd

a un
aun

6.2.2

Ave¢ la plage de fréquences comprises entre’0,15 MHz et 30 MHz, I'impédance asymétr|

tota
150
boiti
(cet

Par

blindage du connecteur .de” sortie. Pour les boitiers de type M etL, le point d'injed
correspond aux bornes.de sortie rassemblées.

6.2.3

Aveg la plage.de fréquences comprises entre 30 MHz et 150 MHz, la perte d'insertion de ¢

boitr!
con
cou

Généralités

ucteurs en essai et pour isoler ceux re

entre la force du champ perturbateur RF agissant sur une installation réelle. et la f.
faut appliquer dans la méthode d'injection de courant en vue de produire le\méme d

égradation, au moins jusqu'a des fréquences de 30 MHz. L'immunité diun apparei
imée par cette valeur f.é.m. L'Annexe C et I'Annexe D présentent)les principes

Caractéristiques

Généralités

e plage de fréquences comprises entre 0,15 MHz et 30 MHz et pour une perte d'inse
e plage de fréquences comprises entre 30 MHz et\150 MHz.

Impédance

e (bobine d'arrét RF paralléle a I'impédance résistive de la source de perturbation
Q) mesurée entre le point d'injection du signal perturbateur dans I'EUT et la terrd
er doit offrir une amplitude de 150™Q + 20 Q, ainsi qu'un angle de phase inférieur a =
e impédance est identique a célle du réseau fictif en V de 150 Q2 de la CISPR) (voir 4.

exemple, pour les boitiers~de couplage de type A et S, le point d'injection correspon

Pertes d'insertion

ers de\eouplage identiques en tandem doit s'étendre de 9,6 dB a 12,6 dB, mes
ormément a la Figure 9. Ces deux boftiers doivent étre interconnectés avec des fils

stants, ainsi que les appareils branchés a-l'E&
des [effets de tels courants. Avec une impédance de source de 150 Q, il existe une egorréls

les
UT,
tion
&.m.
bgre
est
de

nce
rtion

que
5 de
b du
20°

1 au
tion

eux
irée
tres

ts\(= 1 cm).

Il convient que la perte d'insertion Ug/Ug des deux boitiers de couplage identiques mesurée
conformément a la configuration en Figure 9 se trouve entre 9,6 dB et 12,6 dB pour une plage
de frequences comprises entre 30 MHz et 150 MHz. Ug correspond au relevé du récepteur
lorsque celui-ci est directement connecté au générateur.
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Circuit équivalent des boitiers de couplage

_________ | r——=-"=====77
50 Q A 100 Q + + 100 Q ' B 50 Q
T

30 uH Us

[
|
I
|
i

1
| I

v 1 30pH
| 1

1 |

T T T T

H=€—0463/14

Fi

[{a)

ure 9 — Dispositif de mesure pour la vérification de la perte d'insertion desboiti¢rs
de couplage dans la gamme de fréquences de 30 MHz a 150 MHz

7 Dispositifs de couplage pour la mesure des lignes de signaux

7.1 Généralités

Le gotentiel de brouillage (et I'immunité) des lignes de signaux.peut étre évalué en mesyrant
(ou |en injectant) la tension ou le courant perturbateur(trice)."conduit(e). Des dispositif$ de
couplage sont donc nécessaires pour mesurer la perturbation tout en rejetant le signal ptile
présent sur la ligne. Les dispositifs considérés doiventy*mesurer I'émission et l'immuynité
électromagnétique (mode commun et mode différentieli/courant et tension). Avec ce genrg de
mesjures, les dispositifs types sont les sondes de eourant et les réseaux fictifs asymétriques
(AAN ou réseau enY).

NOTE 1 Les exigences applicables aux AAN en matiére d'essais d'immunité conduits sur les lignes de signaux
sont disponibles dans la CEI 61000-4-6 [les AAN constituent des versions spéciales des «dispositifs de couplage
et dgl découplage», a savoir les réseaux de couplage/découplage (CDN)]. Un AAN qui respecte les exigencgs en
matigre de mesures d'émission peut également répondre aux exigences applicables aux essais d'immunité.

NOTE 2 Les lignes de signaux comprepnent les lignes de télécommunications et les bornes des appareils
destipés a y étre connectés.

NOTE 3 Les termes «tension asymétrique» et «tension de mode communy», ainsi que «tension symétrique» et
«tengion de mode différentiel», s@nt)synonymes, comme définis a I'Article 3.

NOTE 4 Le terme «réseau.fictif asymétrique (AAN)» est utilisé comme synonyme de «réseau en Y», lequgl est
différfent des réseaux en Y ef'en D. Le réseau en T constitue une version spéciale du réseau en Y.

Lorgdqu'une sondé.de courant est utilisée et que la valeur limite est indiquée en volts, la vdleur
de |4 tension gst \divisée par I'impédance de la ligne de signaux ou par lI'impédance de charge
en vue d'obtenir la valeur limite en courant, conformément aux instructions de la procédurg de
mesjure détaillée. Cette impédance peut étre en mode commun, comme exigé par ladite
progédure’

Les spécifications relatives aux AAN sont fournies en 7.2. La réjection de mode différentiel
par rapport a celle de mode commun (Vy.,./V.) est essentielle a I'utilisation d'un AAN. Ce
parametre est lié a I'affaiblissement de conversion longitudinal (ACL). L'Annexe E intégre des
exemples d'AAN ainsi que les essais et les procédures d'étalonnage requis.

7.2 Exigences applicables aux AAN (ou réseaux en Y)

Les AAN sont utilisés pour mesurer (ou injecter) des tensions asymétriques (mode commun)
sur des lignes de signal symétrique non blindées (par exemple de télécommunication) tout en
rejetant le signal symétrique (mode différentiel).

Un AAN doit inclure les propriétés suivantes lorsqu'il est étalonné conformément aux
méthodes de I'Annexe E. De plus, la distorsion d'affaiblissement ou autre détérioration ne doit
pas affecter le fonctionnement normal de I'EUT.
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a) AAN pour les mesures aux accés prévus pour la connexion de cébles a paires

NOTE Les spécifications susmentionnées de a

symétriques non blindées de catégorie 6 (ou plus).

La variation de l'affaiblissement de conversion longitudinal (apc ) en fonction de la

fréquence f(en MHz) doit étre définie selon I'équation suivante:
2
aACL = 75-10'9 1+(%j

‘f<2MHZ: aACLSinB

2 MHz < £'< 30 MHz: apc < *§ dB

gymétriques non blindées de catégorie 5 (ou plus).

fréquence f (en MHz) doit étre définie selon I'équation suivante:

f 2
aacL :65—10|g 1+(€j

f<2MHZaACLSi3dB

2 MHz < £< 30 MHz: apc < 73° dB

AAN pour les mesures aux accés prévus pour la connexion de cables symétriques
blindés de catégorie 3 (ou plus).

lla variation de I'affaiblissement del\conversion longitudinal (apc ) en fonction d
fréquence f (en MHz) doit étre défigie selon I'équation suivante:

N 2
apc. =55-10Ig 1+(€j en dB

aACLSi3dB

apcy |pour des cables symétriques non blindés standard utilisés dans des environnements représentatif

spéc

I'élément a, s—pour les réseaux d'accés standard aux télécommunications.

La Figure 10 fournit le diagramme général du circuit ainsi qu'une représentation graph

La variation de l'affaiblissement de conversion longitudinal (aac ) ,enifonction d

AAN pour les mesures aux accés prévus pour la connexion de cables ‘a pqires

[
o

acL €n fonction de la fréquence représentent des estimatiofs de

. La

fication spécifiée en 7.2 c) pour les cables de catégorie 3 est considérée comme représentative de

que

des EXIgENTES dac pour um AANT
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o Réseau M t°, ol
Matériel fictif Acsocis
en essai asymétrique
o (AAN) Y
Zecat |:| Récepteur
de mesure
—— ey
IEC 0464/14
a) Circuit principal de I'AAN (ou du réseau en Y) et de ses accés constitués d'un réseau‘de base
hautement symétrique et d'un réseau non symétrique (facultatif) Z__,
D0
NGO
B0
y0 acL75
———|acL75-3dB
% —= | cL 75+ Tol
_, PO a cL 65
;j - o cL65—-3dB
=== cL65+ Tol
} acL55+3dB
1 o cL55-3dB
10 —TT — 11111 F——TT 11T
tJ
\NY
B0 .
0,1 1 10 100
Fréquence f (MHz) IEC 0465/14
NOTE 1 Ce graphique est obtenu a partir des équations décrites en 7.2 a), b) et c). Les lignes des vdleurs
idéales pour 55 dB, 65 dB et 75 dB sont présentées en gras alors que les valeurs de tolérance apparaissept de
part ¢t d'autre-de ces derniéres.
NOTE 2 «Tol» correspond a la tolérance indiquée en 7.2 a), b) et c).

b) Graphique des exigences applicables a I'élément a,., de I'AAN (ou au réseau en Y)

Figure 10 — Circuit principal et exigences en matiére d’ACL d'AAN

Les caractéristiques de I'AAN en termes de mesure des perturbations asymétriques (mode
commun) doivent couvrir la plage de fréquences correspondant a celle des tensions
perturbatrices asymétriques et a celle transmettant le signal utile. Ces caractéristiques sont

fournies au Tableau 5.
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Tableau 5 — Caractéristiques de I'AAN pour la mesure
de la tension perturbatrice asymétrique

Impédance de charge du réseau de base pour la tension
perturbatrice asymétrique?

. amplitude 150 Q £+ 20 O
. phase 0° + 20°
2) Affaiblissement de conversion longitudinale (ACL) au niveau de (9 kHz a 150 kHz: a définir);
I'accés de I'EUT du réseauP 0,15 MHz a 30 MHz: en fonction de
la catégorie de cable définie
en7.2¢
3) Affﬂ;b:;aaclllcllt dc déuvuy:agc | SASA=L O;HIIGU acylllétl;qucc Ulltlc (C Il\: :L a 150 Il\: :L a dU’f;ll;l),
I'accés de I'AE et celui de I'EUT 0,15 MHz a 1,5 MHz:
> 35 dB a 55 dB, augmentatio
linéaire avec le logarithme de
fréquence
> 1,5 MHz: > 55'dB
4) Perte d'insertion du circuit symétrique entre I'accés de I'EUT et <3 dBd
celui de I'AE
5) Facteur de division en tension du circuit asymétrique entre I'acces Habituéllement 9,5 dBe + 1 dB
de I'EUT et celui de du récepteur de mesure, a ajouter au relevé de
ce dernier
6) Impédance de charge symétrique du réseau Dépend des spécifications du
systéme, par exemple 100 Q du
600 Q. A définir en fonction dgs
normes de produits applicablepf
7) Largeur de bande de transmission pour le signal utile (apalogique Dépend des spécifications du
ou numeérique). systéme en matiére de perte
d'insertion symétrique (par ex¢mple
jusqu'a 2 MHz ou jusqu'a
100 MHz). A définir en fonction des
normes de produits applicablep
8) Plage de fréquencesf (1) Emission (0,009 MHz) 0,15 MHz a 30 MHz

(2) Immunité Voir par exemple la CISPR 22|[5]

L'impédance asymétrique de I'AAN 'sera normalement influencée par I'ajout d'un réseau non symétrique ¥,
conformément a la Figure 10 a)s La présente norme spécifie la tolérance d'impédance pour le réseau| de
base. Le réseau non symétrique_pour les AAN définis en 7.2 a), b) et c) change nominalement I'impédapce
de moins de 10 Q, et la phase~de moins de 10°. La tolérance indiquée peut ainsi s'appliquer aux résepux
non symeétriques. Si une norfme de produit fait état de valeurs ACL inférieures (par exemple si le réseau pon
symétrique change nominalement lI'impédance de plus de 10 Q ou la phase de plus de 10°), celle-ci doif en
tenir compte lors de-a spécification des tolérances en matiére d'impédance et de phase puisqu'il convlent
de laisser une certaine tolérance au constructeur de I'AAN.

Différents coneepts sont adoptés en vue de déterminer la conformité de I'appareil: utilisation d'un ACL
d'AAN plus<élevé que les valeurs d'ACL disponibles pour les lignes de signaux ou utilisation de I'ACL afin
de simulér les catégories de lignes de télécommunication disponibles. La CISPR a décidé d'utiliser I'ACL
pour simuler I'asymétrie des catégories de cébles pour les essais d'émission, alors que le sous-comité 7B
de |a GEl recommande lI'utilisation d'un ACL d'AAN plus élevé que la catégorie de cable pour les esgais
d'immunité.

En général, trois facteurs doivent étre pris en compte pour déterminer les tolérances en matiere d'ACL:
I'ACL résiduel de I'AAN de base, la variation de Z ,; du réseau non symétrique par rapport a sa valeur
nominale et I'incertitude de mesure de I'ACL. Il convient que les tolérances indiquées par une norme de
produits qui s'écartent des valeurs définies en 7.2 tiennent compte du fait suivant: il convient que les
valeurs acceptables augmentent avec I'ACL requis et avec la fréquence.

Les exigences réelles dépendront des spécifications du systéme de transmission. Certains d'entre eux
autorisent des pertes d'insertion jusqu'a 6 dB. La perte d'insertion provoquée par un AAN dépend des
impédances de source et de charge de I'ensemble du circuit symétrique. Pour les impédances plus
faibles/élevées, la perte d'insertion sera plus petite/grande. Il convient qu'elle soit indiquée par le fabricant
(par exemple pour une impédance de 100 Q). De plus, il sera utile que les fabricants spécifient les
caractéristiques de phase de I'AAN dans son circuit symétrique.

L'AAN doit étre étalonné en mesurant le facteur de division en tension dans une configuration d'essai
conformément a la Figure E.6.

Plusieurs réseaux peuvent étre utilisés pour couvrir I'ensemble de la plage de fréquences.
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7.3 Exigences relatives aux réseaux fictifs pour cables coaxiaux et autres cables
blindés

Les réseaux fictifs (AN) pour cables coaxiaux et autres cables blindés sont utilisés pour
mesurer (ou injecter) des tensions dissymétriques (mode commun) sur le blindage des céables
(de télécommunication ou RF par exemple) tout en transmettant le signal de
télécommunication ou le signal RF. Les caractéristiques requises sont fournies au Tableau 6.

NOTE Dans la CISPR 22 [5], ce type de réseau est appelé réseau de stabilisation d'impédance (ISN) pour cable
coaxial ou blindé.

Tableau 6 — Caractéristiques des réseaux fictifs
pour cables coaxiaux et autres cables blindés

1) Impédance de charge du réseau de base pour la tension
perturbatrice dissymétriquea:
. amplitude 150 Q+20Q
. phase 0° + 209
2) Affaiblissement de découplageP pour signaux dissymétriques entre (9 kHZ2)a 150 kHz: a définir);
I'accés de I'AE et celui de I'EUT 0,15'MHz a 30 MHz: > 40 dB
3) Perte d'insertion et bande de transmission pour le signal utile (de Définies dans les exigences
communication ou RF) entre I'accés de I'EUT et celui de I'AE, systéme¢

impédance(s) caractéristique(s) comprises

4) Facteur de division en tension du circuit dissymétrique entre En général < 9,5 dBd
I'accés de I'EUT et celui de du récepteur de mesure, a ajouter’ au
relevé de ce dernier

5) Plage de fréquences (1) Emission (0,009 MHz) 0,15 MHz a 30 MHz
(2) Immunité Voir par exemple la CEl 61000-4-
6

a Llimpédance asymétrique de I'AN sera déterminée par la résistance de 150 Q paralléle a la bobine d'arréf et la
hpacité de la connexion de cloison avec la tefre.

<]

tant donné que le blindage du cable coaxial au niveau de I'accés de I'AE est directement connecté au hoitier
étallique de I'AN, I'affaiblissement de‘découplage ne constitue pas un probléme pour I'AN. La configuratipn de
essai d'émission (ou d'immunité) doit permettre de garantir un affaiblissement de découplage minimal.

o
3 m

¢ Lp perte d'insertion et bande{ de*transmission pour le signal utile (de communication ou RF) entre l'accgs de
I'EUT et celui de I'AE ainsi que les impédances caractéristiques entre le blindage et le(s) conductgur(s)
interne(s) ne relévent pas\du domaine d'application de la présente norme. Il convient de les définir d'apr¢s les
ekigences systéme.

d  L|AN doit étre étalonné en mesurant le facteur de division en tension dans une configuration d'essai
cponformément aJla‘Figure F.2.

8 Main fictive et élément RC série

8.1 Généralités

Dans certaines spécifications de produit, une main fictive est requise pour les EUT qui ne
possédent pas de mise a la terre connectée a ses parties métalliques, lesquelles sont
habituellement en contact avec la main. Les boitiers en plastique recouverts d'un revétement
conducteur peuvent également nécessiter I'utilisation d'une main fictive. Une main fictive est
utilisée avec les essais d'émissions conduites dans la plage de fréquences qui s'étend de
150 kHz a 30 MHz (les fréquences les plus critiques étant comprises entre 5 MHz et 30 MHz)
afin de simuler l'influence de la main de l'utilisateur sur les mesures. Les types d'appareils a
évaluer avec la main fictive sont: les outils électriques, les appareils domestiques (tels que
les mixeurs manuels), les combinés téléphoniques, les manettes de jeux, les claviers, etc.
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8.2 Conception d'une main fictive et d'un élément RC en série

Une main fictive est constituée d'une feuille métallique (en bande) de dimensions précises,
laquelle est placée sur (ou enroulée autour de) la partie de I'appareil normalement en contact
avec la main de I'utilisateur selon le processus suivant.

La feuille métallique est connectée selon une configuration précise au point de référence du
systéme de mesure de perturbation a travers un élément RC constitué d'un condensateur C =
220 pF £ 20 % en série avec une résistance R = 510 Q + 10 % (voir Figure 11 a).

Les -bandes—de feuille _métalligue utilisées en vue de simuler l'influence de la _main de
bt}

I'utiljsateur autour de la poignée ou de la structure d'un appareil présentent habituellement
une|largeur de 60 mm. Avec un EUT a clavier, une feuille métallique (ou, plus pratique, (une
plague métallique ne dépassant pas 100 mm par 300 mm) peut étre placée au:déssus|des
toughes. Des exemples sont fournis aux Figures 11 et 12.

La Ipngueur du conducteur qui rallie I'élément RC et la feuille métalliquée |doit étre de f| m.
Lorgque la configuration d'essai impose une dimension supérieure, l'inductance totalg du
condlucteur doit étre inférieure a 1,4 uH lorsque la fréquence de mesuréavoisine les 30 MHz.

Si I'pbn considere I'effet total des fils d'interconnexion comme celui d'un fil unique en espace
librg, l'inductance L du fil doit étre inférieure a 1,4 uH lorsquea)limite supérieure de la plage
de fréquences pour l'essai d'émission conduite est 30 MHz. Pour une longueur de fil
spécifique, cette exigence permet de calculer le diamétreminimal d (en m) des fils a utiliser
dang$ I'Equation (2):

L :Ll{m(ﬂj_q H (2)
2z d
ou
u =4x x 107 H/m;
/ est la longueur-du fil, en m;
d est le diamétre du fil, en m.
NOT Lorsque I'exigence relative a une inductance de 1,4 pH est satisfaite, I'impédance du réseau RC est

suffis-amment importanté a 30 MHz.

8.3 Utilisation de la main fictive

La lpngueur maximale du fil qui rallie I'élément RC et la terre de référence est généralement
satisfaisante Inrcqnn celle-ci ne Hépnccn pas 1 m. | 'élédment RC peut,—par nvnmpln, étre
positionné au plus prés de la feuille métallique ou du point de référence. Le choix correct
dépend en grande partie de l'impédance interne en mode commun (généralement inconnue)
de la source de perturbation en présence de la feuille métallique et de l'impédance
caractéristique de la ligne de transmission constituée du fil de connexion et de son
environnement. Si la plage de fréquences supérieure pour les mesures d'émission est limitée
a 30 MHz, la position de I'élément RC n'est pas critique et s'avére pratique (notamment en
termes de reproductibilité) d'insérer ledit élément a 'AMN ou au RSIL.

Pour les mesures d'émission conduite réalisées au niveau de l'accés d'alimentation, le point
de référence correspond a la terre de référence de I'AMN. Lorsque cette émission est relevée
sur une ligne de signaux ou de commande, le point de référence correspond a la terre de
référence de I'AN. Le principe général a respecter en matiére d'utilisation d'une main fictive
est le suivant: la borne M de I'élément RC doit étre connectée a I'ensemble des parties
métalliques exposées et non pivotantes, ainsi qu'a la feuille métallique enroulée autour des
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poignées (fixes et amovibles) fournies avec I'appareil. Les parties métalliques couvertes de
peinture ou de laque sont considérées comme des parties métalliques exposées et doivent
étre directement connectées a I'élément RC.

Les points suivants décrivent précisément I'utilisation d'une main fictive:

e)

Lorsque le boitier de I'appareil est entierement composé de métal et relié a la terre,
main fictive n'est pas nécessaire.

Lorsque le boitier de I'appareil est constitué de matériau isolant, la feuille métallique
étre enroulee autour de la p0|gnee B [comme sur Ies Flgures 11 b) et ¢)] et autour d

Iorsque le niveau de perturbation de celle-ci est plus élevé. Toutes les parties,de-la fe
étallique, ainsi que les bagues/manchons métalliques A (le cas échéant)doivent
eliés entre eux et a la borne M de I'élément RC.

Lorsque la composition du boitier de I'appareil est en partie métallique et.én partie iso

t qu'il posséde des poignées isolantes, la feuille métallique doit étre ‘enroulée autour
ioignées B et D [comme sur la Figure 11 b)]. Si le boitier n'est pas métallique au ni
du moteur, une feuille métallique d'une largeur de 60 mm doit-étre enroulée autour d
gtructure C, la ou se situe I'armature métallique du stator du¢moteur, ou autour de la g
de vitesse lorsque celle-ci est composée d'un matériau“isolant et que son niveal

étallique autour des poignées B et D, ainsi que celle\qui entoure la structure C doi
tre reliés entre eux et a la borne M de I'élément RC.

%erturbation est plus élevé. La partie métallique de la jstructure, le point A, la fell/“”e

posséde deux poignées en matériau isolant’A et B, et un boitier en métal C [une
lectrique identique a celle de la Figure 11.€) 'par exemple], la feuille métallique doit
}nroulée autour des poignées A et B. Cglle-ci et la structure métallique C doivent
eliées entre elles et a la borne M de I'élément RC.

fa Figure 12 fournit un exemple descombiné téléphonique et de clavier. Pour le com

offre un certain recouvrement. Dans le cas d'un clavier, il convient que la feuille métall
ou la PCB (plaque de circuit “imprimé, de l'anglais Printed Circuit Board) recouvrg
maximum les touches. Laplaque métallique doit étre positionnée sur le clavier a I'aid
la PCB. En revanche, il\n'est pas nécessaire qu'elle dépasse 300 mm par 100 mm.

une

doit
e la
doit
], 1a

ou se situe I'armature métallique du stator du moteur, ou autour de la boite de\vite¢sse

uille
étre

ant,
des
eau
e la
oite

de

ent

Lorsqu'un appareil de Classe Il (c'est-a-dire a)double isolation, sans cable de gdrde)

scie
étre
étre

biné

téléphonique, une feuille d'une largeur de 60 mm est enroulée autour de la poignée et

que
au
e de
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Feuille métallique enroulée autour
du boitier devant I'armature métallique
du stator du moteur ou la boite de vitesse

IEC 0466/14

a) Hlément RC b) Perceuse électrique sans fil

Feuille métallique Feuillejmétallique
enroulée autour enroul¢e autour
de la poignée de la ppignée

Y

Structure métallique

\

| Poignée
isolée

Elément de protection —
(si adapté)

A etB:poignées du matériel d’isolation

IEC 0467/14

c) Scie électrique sans fil

Figure 11 — Utilisation d'une main fictive
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b) Utilisation d'uneZmain fictive avec un clavier standard

La main fictive comporté.une feuille métallique présentant les dimensions suivantes:

a) largeur de 60 mm'et longueur pour les parties de I'appareil en contact
supérieure a L avec la main lors du fonctionnement;
quatre parties maximum pour chaque
systéme en essai.

b) 300/mm~“par 100 mm pour les claviers, les dimensions de la
feuille métallique devant permettre de
recouvrir I'ensemble des touches ou une
partie du clavier lorsque celui-ci est
supérieur a la taille maximale de la
feuille.

. ™ . . ' i
f rgure 2= EXEIIIples d‘utitisationd‘unemain-fictiveavecunitE

9 CDNE pour la mesure de la tension perturbatrice a une plage de fréquences
comprises entre 30 MHz et 300 MHz

9.1 Instrumentation
9.1.1 Généralités

La méthode de mesure est décrite dans I'Article 9 de la CISPR 16-2-1:2014.
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Ladite méthode utilise le matériel suivant:

— un CDNE-X et
— un RGP.

Les exigences techniques relatives a ces équipements sont décrites dans le présent
paragraphe.

Le CDNE couple la tension perturbatrice asymétrique (mode commun) de I'EUT au niveau du
conducteur d'entrée du récepteur de mesure, et découple cette derniére de toutes émissions
ou i 2 'envj ! i i 2t ode
diff@rentiel) provenant de I'EUT est chargée avec une impédance symétrique de 100\ au
nivepu des accés d'alimentation correspondants (CDNE-M2 et CDNE-M3) OU ,avec [une
change symétrique au niveau des accés de I'AE d'un CDNE-Sx (voir Annexe J). Le“CDNI ne
peul étre utilisé pour réaliser des mesures sur des lignes d'alimentation transportant|des
signjaux utiles symétriques (mode différentiel).

Le RGP sert de référence pour la tension perturbatrice asymétrique (mode commun).

9.1.4 Description de la mesure du CDNE
9.1.2.1 Domaine d'application

Le CDNE est destiné a la mesure des perturbations conduites dans la plage de fréquences
comjprises entre 30 MHz et 300 MHz d'un petit EUT 4lectrique connecté avec un ou deux
cables. De plus, le CDNE peut étre disposé edtre I'EUT et I'AE pour découpler| les
perturbations asymétriques de ce dernier, et pour stabiliser I'impédance.

NOTE Un petit EUT électrique renvoie aux conditions spécifiées en 9.1 de la CISPR 16-2-1:2014.
9.1.2.2 Mesure de la tension perturbatrice

Le CDNE permet de mesurer la tensiofnr perturbatrice asymétrique Vg, générée par I'EUT| sur
le(s] cable(s) connecté(s). Cette mesure prend en compte les valeurs du récepteur de mesure
Vimehs €t le facteur de division en tension Fopyg- Le facteur de division en tension Fqpng
(en gB) comprend l'atténuateut.interne a,, .45 d'au moins 6 dB, utilisé pour réduire l'incid¢nce

d'ingertitude liée a I'écart efitne le CDNE et le récepteur de mesure.

Le rgsultat de la mesure est calculé comme suit:
Viis =¥meas + Fcone €n dB(uV) (3)

9.1.2.3 Impédance de charge du CDNE

L'impédance de charge de I'EUT au niveau du point de connexion est généralement inconpue.
C'est—pourquoi ta tecture comme ta reproductibititédes resuttats de mesure dependent
fortement de I'impédance de charge du CDNE. L'impédance de la charge asymétrique (mode
commun) a été fixée a 150 Q de maniére a obtenir une incidence d'incertitude optimale a
partir de la méthode d'essai établie.

Le CDNE-M2 et le CDNE-M3 dédiés aux accés d'alimentation de I'EUT fournissent une
impédance symétrique de 100 Q, laquelle est représentative de celle de la plupart des
réseaux d'alimentation en courant alternatif.

9.1.2.4 Affaiblissement de découplage du CDNE

L'impédance inconnue de I'AE et toute émission correspondante peut influencer le résultat de
mesure. Une telle influence peut étre réduite a 'aide d'un affaiblissement asymétrique entre
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I'accés de I'AE et celui de I'EUT. En général, cet affaiblissement asymétrique est réalisé avec
une bobine d'arrét.

9.1.3 Description du RGP

Le RGP sert de référence pour la tension perturbatrice asymétrique mesurée. Pour des
raisons de sécurité a la fois personnelle et matérielle, la configuration apparait sur le RGP
connecté a la terre de protection. Le CDNE est placé en contact direct avec ledit plan (grace
a une liaison électrique adaptée) afin d'en garantir la conformité aux spécifications relatives a
I'impédance asymétrique. L'EUT est installé a une distance définie au-dessus du RGP.

9.2 | Exigences techniques relatives au CDNE-X
9.2.1 Parameétres mécaniques et électriques

Le ¢DNE est contenu dans une enveloppe métallique. Le centre de I'accés de ("EUT du CDNE

se pitue a 30 mm *100 mm au-dessus du RGP. En général, cette hautelr permet |une

impedance de 150 Q pour le cable connecté.
Les [Figures de I'Annexe J fournissent des exemples de conception,de CDNE a titre informlatif.

Le Tableau 7 décrit les paramétres électriques et leurs ;spécifications dans la plagg de
fréguences comprises entre 30 MHz et 300 MHz.

Tableau 7 — Paramétres électriques du CDNE-X

Paramétre Valeurs pour CDNE-M2 et Valeur pour CDNE-Sx
CDNE-M3
Impédance asymétrique (mode +10 +10
commun) Z., au niveau de 150Q _0 Q 150 Q _30 @
I'acces de I'EUT
Angle de phase: 0° + 25° Angle de phase: 0° + 25°

Impédance symétrique (mode 1000 +20Q Non défini
différentiel) Z,,, au niveau de
I'acces de I'EUT
Affaiblissement de conversion > 20 dB Non défini
longitudinal (ACL)
Tolérance du facteur de division +1,5dB +1,5dB
en tension Fp\e(ingluanta_ .o
Affaiblissement.de découplage > 30 dB > 30 dB

adecoup

En généralnle niveau de tension asymétrique est supérieur au niveau de tension symétrjque
non|intentionnelle. 20 dB constitue donc une valeur minimale appropriée pour I'ACL en|vue
d'évjteftoute influence de la tension symétrique sur les résultats des mesures. En revanghe,
I'évaluation de TEUT en mode différentiel pour Ta communication avec des conducteurs non
blindés nécessite des valeurs d'ACL spécifiques (minimale et maximale) pour le CDNE.

NOTE 1 Avec l'accés de I'EUT du CDNE-M3, la valeur minimale d'ACL n'est pas définie pour L et PE, ni pour N
et PE.

NOTE 2 Des mesures d'ACL reproductibles supérieures a 100 MHz sont a I'étude.

NOTE 3 Le CDNE ne peut étre utilisé sur un réseau d'alimentation avec des signaux utiles en mode différentiel
(lorsque la transmission d'un signal différentiel désiré pourrait nécessiter des valeurs minimale et maximale d'ACL
spécifiques par exemple) afin de prendre en compte la qualité du réseau.

L'affaiblissement a,.,s au niveau de l'accés du récepteur permet de réduire l'incidence
d'incertitude liée a I'écart entre le CDNE et le récepteur de mesure. De préférence, cet
affaiblissement est un composant interne du CDNE. Lorsqu'un atténuateur externe est utilisé,
il doit étre directement monté sur 'accés du récepteur du CDNE, et étre pris en compte lors
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de l'étalonnage et des mesures. |l convient que l'affaiblissement de a,,¢55 SOit d'au moins
6 dB.

9.2.2 Validation du CDNE
9.2.2.1 Exigences générales

Pour les mesures de validation, le CDNE doit étre monté sur un RGP, lequel est connecté a
son enveloppe.

Toutes | i Stri ofé : RGP. L'installation de
mesjure doit étre conforme a la Figure 7 de I'Article 10 de la CEI 61000-4-6:2008, leque| est
reprgsenté en Figure 13 avec un point de référence Zg différent en face de chaque_.accepg de
I'EUIT.

Port du récepteur

Adaptateur de mesure
d’'impédance Métallique
\E 30 mm /

L
o ] i
]
— = T -
] L 3
] P .
e K
Point ] h
) de réference ! Réseau de
Connexion de Zce N couplage/découplage ]
coaxiale Port ] !
" deEUT[Y %
P - 1
L <h . - —
- -~ . .
L __ —. 3_ LA | - - AE/alimentation
>200 mm g | 9
I . E.10) x4 >200 mm |
Plan de masse 8 >_‘E Matériel isolant >
de référence (RGP) 9
T~ ~ % = B = = = = ,

NOTE «AE/alimentationy~peut désigner une alimentation alternative, une alimentation continue ou encorg des
lignep de commande/communication.

Figure 13 — Installation pour la validation d'un CDNE

9.2.2.2 Etalonnage de I'analyseur de réseau (NWA) au niveau du point de référenge

Pouf<mesurer l'impédance asymétrique au point de référence Z,g de la Figure 13, la
procédure d'etalonnage suivante doit etre appliquee:

L'effet du cable de mesure (entre I'IMA et le NWA) est pris en compte dans I'étalonnage du
NWA a partir de la méthode de correction des erreurs OPEN (ouverture), SHORT (court-
circuit) et MATCH (correspondance). L'étape suivante implique la connexion de I'IMA avec le
cable précédemment étalonné d'aprés le NWA. L'autre partie de I'IMA doit étre dotée d'une
plaque de connexion comprenant toutes les sections de l'adaptateur qui se trouvent entre
I'MA et le CDNE au cours de la mesure de I'impédance asymétrique et de l'angle de phase
(voir Figure 14). Toutes les parties qui seront insérées dans les connecteurs du CDNE sont
exclues. Cette installation prend en compte la charge électrique entre le cable étalonné et le
point de mesure a I'entrée du CDNE.

La longueur électrique doit étre corrigée selon un délai, lequel peut étre ajusté
automatiquement ou manuellement selon le matériel de mesure utilisé.

EC 0470/14
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