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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 —
Ancillary equipment — Conducted disturbances

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization omprising
all national electrotechnical committees (IEC National Committees). ( promote
international co-operation on all questions concerning standardization in these i S ic’fields. To
this end and in addition to other activities, a 3\ pecifications,
Technical Reports, Publicly Available Specifications (PAS) and i e 1 to as “IEC
Publication(s)”). Their preparation is entrusted to technical committgés; aqy\E ommittee interested
in the subject dealt with may participate in this preparatory wo rnmental and non-
governmental organizations liaising with the IEC also particip, € collaborates closely
with the International Organization for Standardization ( onditions determined by
agreement between the two organizations

2) The formal decisions or agreements of IEC on technical(matte early as possible, an international
consensus of opinion on the relevant supfe mitee has representation from all

3) IEC Publications have the form of recommendatio ge and are accepted by IEC National
Committees in that sense. While all reasonable efforts_ake made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held onsikleNfor the way in which they are used or for any
misinterpretation by any end . %Q

4) In order to promote inter ationa i EC n ommittees undertake to apply IEC Publications
transparently to the m q sle\in their mational and regional publications. Any divergence
between any IEC Publicabi atiopal or regional publication shall be clearly indicated in
the latter.

5) IEC provides approval and cannot be rendered responsible for any
equipment declare ae i i \/EC Publication.

6) All users should engtte thaf the esSt edition of this publication

7) No liability shall @ttas directors, employees, servants or agents including individual experts and
members of i d’IEC National Committees for any personal injury, property damage or
other dame ofka , whether direct or indirect, or for costs (including legal fees) and
expenses aKsing oof he puybli€ation, use of, or reliance upon, this IEC Publication or any other IEC
Public

8) Attentio e NoPmative references cited in this publication. Use of the referenced publications is

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

International Standard CISPR 16-1-2 has been prepared by CISPR subcommittee A: Radio
interference measurements and statistical methods.

This consolidated version of CISPR 16-1-2 is based on the first edition (2003) and its

— amendment (2004 {documents CrS7AS03/FDISanaCrS7AIS2tRVDT:
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It bears the edition number 1.1.

A vertical line in the margin shows where the base publication has been modified by
amendment 1.

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

The committee has decided that the contents of the base publication and its amendments will
remain unchanged until the maintenance result date indicated on the IEC web site under
"http://webstore.iec.ch" in the data related to the specific publication. At this date,/the

publication will be
* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

*+ amended.

&
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INTRODUCTION
CISPR 16-1, CISPR 16-2, CISPR 16-3 and CISPR 16-4 have been reorganised into 14 parts,

to accommodate growth and easier maintenance. The new parts have also been renumbered.
See the list given below.

Old CISPR 16 publications New CISPR 16 publications

CISPR 16-1-1 Measuring apparatus

Radio disturbance CISPR 16-1-2 | Ancillary equipment — Conducted disturbances

and immunity . . .
CISPR 16-1 | measuring X CISPR 16-1-3 | Ancillary equipment — Disturbance power
apparatus CISPR 16-1-4 Ancillary equipment — Radiﬁ@m{{rbances
CISPR 16-1-5 ?rgggr;\ch:librationtjs\t ites for.30 M
CISPR 16-2-1 | Conducted dlsturbag\ce}k\Es\ }\ >
Methods of )

CISPR 16-2-2 Measuremen@fdl \?née\p(}v\ x

CISPR 16-2-3 Radiatemu&ancgnxsu%\men\/

CISPR 1624 | Immunitymeastrdmen¥™~_ >
CISPR 16-3 )szPRte\ct\mc ports\

CISPR 16-4-1 KUnc rt}mnes\hxstan sed EMC tests

SPR 16442 >bl/s[6reré\?\t |ns\y‘nentatlon uncertainty

Statis |caI consjderations in the
SPR\{6-4:3 étermination 6f EMC compliance of mass-
i produced products

CISPR 16-4 | Uncertainty in EMC CISW"‘ tatistics of complaints and a model for the

CISPR 16-2 | measurement of <
disturbances and
immunity

Reports and
CISPR 16-3 | recommendations
of CISPR

S N AN

A\

measurements ca tion of limits

MNoearhe
More specific mformato iQn et the ‘old’ CISPR 16-1 and the present ‘new’

CISPR 16-1-2 is terthisNntroduction (TABLE RECAPITULATING CROSS
REFERENCES)

reports with
are given in

disturbance- ana qunity measuring apparatus and methods — Radio disturbance and
immunitysmegasuring apparatus:

e Part 1-1: Measuring apparatus,
»~ \Part 1-2: Ancillary equipment — Conducted disturbances,

» Part 1-3: Ancillary equipment — Disturbance power,

e Part 1-4: Ancillary equipment — Radiated disturbances,
e Part 1-5: Antenna calibration test sites for 30 MHz to 1 000 MHz.
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TABLE RECAPITULATING CROSS-REFERENCES

Second edition of CISPR 16-1

Clauses, subclauses

First edition of CISPR 16-1-2

Clauses, subclauses

2 2

3.8, ..., 3.10 3.1,...,3.3
3.20, .., 3.23 3.4, .., 37
5.1 4

5.2 5

5.8 6

5.10 7

5.11 8

Annexes Annexes

F A

| B

M C

N D

Q

Z

Tables JTablgs

18, 22 %2
Figures Figures
7,8,9, 23,24 Q 1,2,3,4,5
10, 20, 52, 53, 54 6,7,8,9, 10
25, ..., 29 A1, ..., A5
F.1 A.6

30, ..., 3 B.1, ..., B.8
44, ..., 4 c1,...,C5h
49, 50 D.1,D.2
Q.1, ..., Q6 E.1, ..., E.6
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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

1 Scope

This part of CISPR 16 is designated a basic standard, which specifies the characteristics.and
performance of equipment for the measurement of radio disturbance voltages and currénfs in
the frequency range 9 kHz to 1 GHz.

Specifications for ancillary apparatus are included for: artificial maj
voltage probes and coupling units for current injection on cables.

The requirements of this publication shall be complied with
of radio disturbance voltages and currents within the CISP!
equipment.

t aN freque
indicatingyrange\of the measuring

Methods of measurement are covered in Part 2, and t iorf on radio disturbance

is given in Part 3 of CISPR 16.

2 Normative references

CISPR 14-1:2000\ Electromagneti ibjlity — Requirements for household appliances,
electric tools a @r. art NEmission

CISPR 16-1-1:200 sificadion fox radio disturbance and immunity measuring apparatus
and methods — P adio disturbance and immunity measuring apparatus — Measuring
apparatus

CISPR 46- ification for radio disturbance and immunity measuring apparatus
and method Methods of measurement of immunity and disturbance — Conducted

N
disturbance meaqsurelents

CISPR 46=3:2003, Specification for radio disturbance and Immunity measuring apparatus and
methods-— Part 3: CISPR Technical reports

CISPR 16-4-1:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 4-1: Uncertainties, statistics and limit modelling — Uncertainties in

4 J A J [CAA 4 £
QUArtuarurZCcu Liviv (ColS

CISPR 16-4-2:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 4-2: Uncertainties, statistics and limit modelling — Measurement
instrumentation uncertainties

IEC 60050(161):1990, International Electrotechnical Vocabulary (IEV) — Chapter 161:
Electromagnetic compatibility

International Vocabulary of Basic and General Terms in Metrology, International Organization
for Standardization, Geneva, 2nd edition, 1993
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3 Definitions

For the purpose of this part of CISPR 16, the following definitions apply. Also see
IEC 60050(161).

3.1

—symmetric vottage
in a two-wire circuit, such as a single-phase mains supply, the symmetric voltage is the radio-
frequency disturbance voltage appearing between the two wires. This is sometimes called the
differential mode voltage. If Va is the vector voltage between one of the mains terminals.and
earth and Vb is the vector voltage between the other mains terminal and earth, the symmetric
voltage is the vector difference (Va-Vb)

3.2

asymmetric voltage

the asymmetric voltage is the radio-frequency disturbance v G hetWeen the
electrical mid-point of the mains terminals and earth. It is some 3 mmon mode

3.3

unsymmetric voltage
the amplitude of the vector voltage, Va or Vb
measured by the use of an artificial mg &

and 3.2. This is the voltage

3.4

mode) signal
NOTE The term “Y-network”

3.5
impedance stabil
generally an artifieig

signals from being measured or injected on another circuit
3.7

longitudinal conversion loss (LCL)

in alone- or two-port network, a measure (a ratio expressed in dB) of the degree of unwanted
transverse (symmetric mode) signal produced at the terminals of the network due to the
presence of a longitudinal (asymmetric mode) signal on the connecting leads

(definition from ITU-T Recommendation QO q1))

1) ITU-T Recommendation 0.9, Measuring arrangements to assess the degree of unbalance about earth.
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4 Artificial mains networks

An artificial mains network is required to provide a defined impedance at radio frequencies at
the terminals of the equipment under test, 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 artificial mains networks, the V-network which couples the
unsymmetric voltages, and the delta-network which couples the symmetric and the
asymmetric voltages separately.

ection to the
test, and

For each mains conductor, there are three terminals: the mains terminal for con
supply mains, the equipment terminal for connection to the equi
the disturbance output terminal for connection to the measuring equipment.

R

NOTE Examples of circuits of artificial mains networks are given in annex A
4.1 Network impedance

The impedance of an artificial mains network is the i npedance with respect
to reference earth measured at an equipment ter v sponding disturbance
output terminal is terminated with 50 Q.

The impedance at the equipment fermi ‘ actificial ) mains network defines the
termination impedance presented to t er_tést. For this reason, when a
disturbance output terminal is not conpected to asuring receiver, it shall be terminated

by 50 Q.
The impedance of each o @i e network shall comply with 4.2, 4.3, 4.4,
4.5 or 4.6 as appropriate, fo S impedance, including a short circuit or the

RF filter described.in 4. S \the corresponding mains terminal and reference
earth. This req @- shall e emperatures which the network may reach under
normal conditions\for, inuous.curkentsyup to the specified maximum. The requirement shall

also be met for peg specified maximum.

NOTE This hefwork
subclause and4.3.

be constructed such that it can meet the combined impedance requirements of this

4.3 50 Q/50 pH artificial mains V-network (for use in the frequency range
0,15 MHz to 30 MHz)

The network shall have the impedance versus frequency characteristic shown in figure 1b in

41 1 o PN £ 0N o/ - PP
e rerevdriit IMequeTiCy Tdi1ge. A L0IeTdlte U1 T2ZU 7o 1S5 PEITTTey.

NOTE The 50 Q/50 pH + 5 Q artificial mains V-network of 4.2 may also meet the impedance requirement of this
subclause.

4.4 50 Q/5 pH + 1 Q artificial mains V-network (for use in the frequency range
150 kHz to 100 MHz)

The network shall have the impedance versus frequency characteristic shown in figure 2.
A tolerance of £20 % is permitted.
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4.5 150 Q artificial mains V-network (for use in the frequency range 150 kHz
to 30 MHz)

The network shall have an impedance of magnitude 150 + 20 Q with a phase angle not
exceeding 20°.

4.6 150 Q artificial mains delta-network (for use in the frequency range 150 kHz to

30 MHz)

The network shall have an impedance of magnitude 150 + 20 Q with a phase angle not
exceeding 20°, both between the equipment terminals and between the two equipment
terminals joined together and reference earth.

voltage measured by the measuring receiver depends on the ¢
the transformer ratio. The network shall be calibrated.

4.6.1 Balance of the 150 Q artificial mains delta-ne

Measuring apparatus

0

44

IEC 1303/99

these resistors is connected to the equipment terminals of the artificial mains network.

A voltage Ug is measured in the position for symmetric voltage measurement. The ratio Ug/Usg
shall be greater than 20:1 (26 dB).
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4.7 Isolation

To ensure that at any test frequency unwanted signals existing on the supply mains do not
affect the measurement, an additional RF low-pass filter may be required, inserted between
the artificial mains network and the supply mains. With this filter inserted, the impedance
requirements given in 4.2, 4.3, 4.4, 4.5, and 4.6 shall be met. The components forming this
filter shall be enclosed in a metallic screen directly connected to the reference earth of the

maoeasirinag cvctam
oo T g oy OtoT

4.8 Current carrying capacity and series voltage drop

The maximum continuous currents and the maximum peak current shall be specifiedy'The
voltage applied to the equipment under test when passing continuous ants up-to the
maximum shall be not less than 95 % of the mains voltage at the erminals of
the artificial mains network.

4.9 Modified reference earth connection

frequency range. Q
NOTE For safety reasons, the 5 Q resistor nfentio .2 should-he o

Measuring
receiver

=

IEC 1312/99

Figure 4 — Example of artificial mains 50 Q/50 pH + 5 Q V-network

{see42and-cltatseA2)
\ . C 7 Z]
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P/L
o =
i
T7E i : i )
X Equipment | | Measuring
° ‘° under test 1 : receiver
i
| i
i

>

complex wiring sy QS elex
normal Gperation\Qr,‘configuration. The current probe is constructed so that it may be

Current probes can be constructed for measurements in the frequency range 30 Hz to 1 000 MHz,
although-the primary measurement range is 30 Hz to 100 MHz. Beyond 100 MHz the standing
currénts in conventional power systems require that the current probe location be optimized
for-detection of the maximum current.

Current probes are designed to provide a flat frequency response over a passband. At

frequencies below this flat passband accurate measurements can still be made but with
decreased sensitivity due to reduced transfer impedances. At 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 (differential mode) current. Clause B.5 of
annex B contains some construction details.
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5.1.1 Construction

The current probe shall be constructed so as to enable the measurement of the current
without disconnecting the lead under measurement.

Annex B contains some typical constructions of current probes.

5.1.2 Characteristics

Insertion impedance 1 Q impedance maximum

Transfer impedance” 0,1 to 5 Q in the flat linear range; 0,001 to 0,1.Q
below the flat linear range (current probe termin-
ated into 50 Q)

Added shunt capacitance ent probe

arspecified
al probes is
to 300 MHz,

Frequency response

Pulse response

Magnetic saturation axi g a.c. mains current in the

Transfer impedance tolerance

Influence of external magnetic fields indication when a current

ot susceptible to fields <10 V/m

ess than 1dB 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

Influence of electric fig

Influence of orien on

Current probe~qpening At least 15 mm

ncevoltage probe

Figure 6 shows ~a. cirtuit which is used to make voltage measurements between a mains
conductor, _and reference ground. The probe consists of a blocking capacitor C and a resistor
such that'the total resistance between line and earth 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 inductor may have
to)be connected across the input of the measuring apparatus, for safety reasons; its inductive
reactive, Xc, to be much greater than R.

* The reciprocal transfer admittance, (in dB(S)), may be used instead. When expressed in decibels, the admittance
is added to the reading of the measuring receiver. For the calibration of the transfer impedance or admittance, it
may be necessary to use a jig designed for the purpose. See annex B.
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Supply mains
X<1500 Q== 2C
(1500 - A} Q
Ne suring aratus
X, >R R
)
o\ DYA W
Y2222 /) 76/

1 500
NOTE V= U
where
4 is the disturbing voltage
U

may be used for ro gither be less than 1 dB or be allowed for in calibration.
Care shall ke tak that the level of disturbance is accurately measured in the

reference graund_sholld be minimized to reduce the effects of any strong magnetic fields.

5.2.2 Capacitive voltage probe

Thelasymmetrical 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;

r\r\mplnv \Alil"ihg cycfnmc’ electronic r\irr\llifc, etc may be measured without infnrrllpfinn 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 is constructed so that it may be conveniently
clamped around the conductor to be measured.
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The capacitive voltage probe 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 parameter should be calibrated over a specified frequency range for each cable
type, using the method described in Annex G.

I'he capacitive voltage probe may need additional shielding to provide sufficient isolation from
the asymmetrical (common mode) signal around the cable (see "Influence of electric field”
in 5.2.2.2). Annex G contains an example of the construction and a method of measurement
for the isolation.

This capacitive voltage probe can be used to measure the disturbances d munication
ports. The minimum measurable level is typically up to 44 dB(uV).

5.2.21 Construction
to obtain a flat frequency response.

rad



https://iecnorm.com/api/?name=695ee49b59dc4540595e0fc2dd405c37

CISPR 16-1-2 © IEC:2003+A1:2004 - 37 -

Capacitive coupling clamp

Cable

Gain of trans-impedance amplifier

Rp >> Xg
Xo = |1/ jw(Cp +cS]

@gsurin redeiver

m Cs

(Cp +Cg +CJ 1
c Gp

Fa =20Iog10‘v

=20log10

7777

IEC 437/04
Key
Gp Gain of trans-impedance amplifier

Cp Capacitance of trans-i

Rp Resistance of trggs-impedarnte a
V  Disturbance
U Voltage at the input ofth asuri

0 make voltage measurement between a cable
and a reference ground
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5.2.2.2 Requirements

Added shunt capacitance: Less than 10 pF between the grounding terminal of

capacitive voltage probe and the cable under test.
Frequency response: Voltage division factor, F, = 20 log+,|V/U| in dB (see

Figure 11), is calibrated over a specified frequency range.
Pulseresponse: Matrtatn-Hrearity forthepulse-determined-by-the-method

in Annexes B and C of CISPR 16-1-1 for band B.
Influence of electric field: The voltage indication is reduced by more than 20 dB whén
(influence caused by electrostatic a cable is removed from the capacitive voltage probe. The
coupling with other cables near measurement method is described in A G.

the probe)

Capacitive voltage probe

aperture or opening: At least 30 mm
(aperture when the two coaxial

electrodes open at the slot (see

Figure G.1))

6 Coupling units for conducted curre, neasurement

and to isolate the other leads and any appara i ected to the equipment under
test from the effects of these currents. Wi C source impedance, there is a useful

correlation between the RF disturbance f cting on a real installation and the
e.m.f. that must be appl i L Rjedtion method to produce the same degree of
impairment, at least for fre e immunity of an apparatus is expressed

6.1 Characteristi

The performanc f the ing units are done on the impedance in the frequency
range 0,15 M P . sertion loss in the frequency range 30 MHz to 150 MHz.

6.1.1

. 5 MHz to 30 MHz, the total asymmetric impedance (RF choke coil
in parallel with~he 150 Q resistive disturbance source impedance) measured between the
point of injection of\the disturbance signal to the equipment under test and the ground of the
unit shatlxhave a modulus of 150 Q + 20 Q and a phase angle less than £20° (this impedance
is the.same as the CISPR 150 Q artificial mains V-network, see 4.4).

In the freq

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.
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6.1.2 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 7.

| 1 | I
500 A, 100 Q - 100 Q 1B 50Q
! T T 1
[ 1 I i
° i 30uH <4y 1§ 30puH |
1
: Lo : (\
bee 1 L 1
S S S S S S SSSSSASSSSSASSSSS & sbor00
The insertion loss Ug/UB of two identical coupling units syretaccording to this figure

should be within 9,6 dB and 12,6 dB in the frequency ge. 30 to150’MHz. Ug is the
reading of the receiver when the generator and receiyer are dire conrnected together.

(or injection) of Ake
devices are ne

signal on the line.

bance component while rejecting the intentional
are to measure the electromagnetic emission and

immunity (common\ a ' mode, current and voltage). Typical devices for these
kinds of measure ent probes and asymmetric artificial networks (AANs or Y-
networks).

NOTE 1 s fof conducted immunity tests on signal lines may be found in IEC 61000-4-62)
(AANs are of “cqupling and decoupling devices” [so called coupling/decoupling networks (CDNs)]).
An AAN whi qujrement for emission measurements may also meet the requirements for immunity
testing.

NOTE 2 Sighal Tines™ de telecommunication lines and terminals of equipment intended to be connected to
these linest

NOTE 8 ~The terms “asymmetric voltage” and “common mode voltage” as well as “symmetric voltage” and
“differential 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-networks and A-networks. The T-network is a special version of the Y-network.

2) |EC 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement techniques —

Immunity to conducted disturbances, induced by radio-frequency fields
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When a current probe is used and the limit value is specified in volts, the voltage value must
be 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.

Subclause 7.1 states the specification for asymmetric (common mode) artificial networks
(AANs). The differential mode to common mode rejection (Vy.,/V,,) is crucial to the useability

of the AAN. This parameter is related to the longitudinal conversion loss (LCL). An example of
asymmetric artificial networks and the required test and calibration procedures are given in
Annex E.

S
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o Asymmetrical o

artificial Ancillary

EUT network equipment
(AAN) —®

[6)
Zyn /J\ Measuring
I \ /) receiver
IEC 1127/03
Figure 8a — Principle circuit of the asymmetric artificial network (AAN or work)

and its ports consisting of a basic highly symmetric network and an (¢ption
unbalance network Z,,

LCL/dB Example LCL and tolerance requirements for AANs
80
OR[N
‘\
* L —
T /‘Q\\\\/
70 N
—— ] \>
i& >
. DNP VAN .
SN
SN Y \
\k\ Y \'
50 [\f \: \\'\ r
AN S r
- %\\ \.\ -
N \
™~
40 O ;V N \\\\
“ \\/\> \ f MHz
0,1 1,0\/ 10,0 100,0
——LCL50-3dB ~ ——LCL50+3dB  ===LCL 60dB ——LCL 60-3 dB
LCEG0*ToNgB LCL 70 dB ——LCL70-3dB  ——LCL 70+Tol dB
IEC 1128/03
NOTE 1 uatioh can e.g. be
2
LCL =LCLs —10lg 1+[ ] + Tol (in dB)
fcorner
where
LCLy rs'the LCL at low frequencies, e.g. 50 dB,
f is the frequency,
f.omer IS the corner frequency, e.g. 5 MHz, and
Tol is the LCL tolerance, e.g. 3 dB

NOTE 2 The ideal values for “50 dB”, “60 dB” and “70 dB” are given as bold lines, whereas tolerance lines are
drawn as thin lines.

Figure 8b — Graph showing example requirements for the longitudinal
conversion loss (LCL) of the AAN (Y-network))

Figure 8 — Principle circuit and example LCL requirements of an AAN
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The characteristics of the AAN for the measurement of asymmetric (common mode)
disturbances shall be covering the frequency range of the asymmetric disturbance voltages as
well as the frequency range used for the transmission of the intentional signal. These
characteristics are given in Table 1.

Table 1 — Characteristics of the asymmetric artificial network for
the measurement of asymmetric disturbance voltage

a. Termination impedance of basic network for asymmetric disturbance
voltage?@
. magnitude 150 Q +20 Q
. phase 0° + 20°

: to be defined)
i, defined

b. Longitudinal conversion loss (LCL) at the EUT port of the networkP

c. Decoupling attenuation for asymmetric signals between AE port and : to\hp/defined)
EUT port :

d. Insertion loss of the symmetric circuit between EUT an?/AE/{ao)rts

e. Voltage division factor of the asymmetric circuit b Jypically 9,5 dBe
measuring receiver ports, to be added to readln f th me uri >
receiver

f. Symmetric load impedance of the network t.b.d.f

g. Transmission bandwidth for the intentio aI S|/gQI \\{B&orﬁwtal) t.b.d.9

h. Frequency rangeh Emissi (0,009) 0,15 MHz to 30 MHz
unity See e.g. IEC 61000-4-6

a The asymmetric impedan IIy influenced by the addition of an unbalanced network
according to Figure ifies\the impedance tolerance for the basic network. If the
influence of t aI e and phase is negligible, the given tolerance may apply
including the uwrpalg not the case, e.g. if the unbalanced network changes the
i 4 as€ by more than 10°, the product standard shall take this into

b Different on of conformance of equipment are in use: use an LCL of the AAN higher
than the ignal lines or use the LCL to simulate available telecommunication line
catego

¢ The 8b have been taken — with modified tolerances — from a draft of the amendment
to CISPR hér values may be defined by future product standards. Therefore the LCL

requirement
LCL toleTances: the fesidual LCL of the basic AAN, the deviation of the unsymmetry network Z,, from
nominal and the uncertainty of LCL measurement. The tolerances given in a product standard should take
inte,“account that acceptable tolerances should increase with the required LCL and with frequency.
Figure 8b shows an example of reasonable tolerances.

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 Ioad |mpedances of the whoIe symmetrlc circuit. For Iower/hlgher impedances the |nsert|on loss will be
vill be useful if

manufacturers spemfy the phase charactenstlcs of theAAN in its symmetrlc circuit.
€ The AAN shall be calibrated by measuring the voltage division factor in a test set-up according to Figure E.6
f  t.b.d. = to be defined, i.e. depending on the system specifications, e.g. 100 Q or 600 Q

9 t.b.d. = to be defined, i.e. depending on the system specifications for the symmetric insertion loss, e.g. up to
2 MHz or up to 100 MHz

h More than one network may be used to cover the complete frequency range.
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7.2 Requirements for artificial networks for coaxial and other screened cables

Artificial networks for coaxial and other screened cables are used to measure (or inject)
unsymmetric (common mode) voltages on the shield of (e.g. telecommunication or r.f.) cables
while passing the communication or r.f. signal through. The required characteristics are given
in Table 2.

NOTE 1 _In CISPR 22 this type of network is called coaxial or screened cable impedance_stabilization network

(ISN).

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

a. Termination impedance of basic network for unsymmetric
disturbance voltage:@
. magnitude 150 Q 0Q
+  phase 0° £ 20 (\
0
3

b. Decoupling attenuationP for unsymmetric signals between AE port (Y kHZ to\15 z:Mo begefined)
and EUT port. 0,M MNz 0 z: dB
e

c. Insertion loss and transmission bandwidth for the intentional D by'system
(communication or r.f.) signal between EUT and AE ports, includin re

\ﬁ%ﬂen ¢
characteristic impedance(s) x

/

d. Voltage division factor of the unsymmetric circuit betwegh EU T\\ypic Iy},{dBd
and measuring receiver ports, to be added to the reading
the measuring receiver. . Q

e. Frequency range (1) Emission Q }OOQ) 0,15MHz to 30 MHz
(2) Immunity <\ )\ See e.g. IEC 61000-4-6

tbnal (communication or r.f.) signal between EUT and
tween shield and inner conductor(s) are not the purpose of
stem requirements.

\d a series RC element

In some product spefifications the artificial hand is required for EUTs which do not have an
earth ground connected to the 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
to .30 MHz (the most critical frequencies are 5 MHz-30 MHz) to simulate the influence of the
operator's hands on the measurements. The types of equipment to be evaluated with the
artificial hand are: electric tools, household equipment, such as hand-held mixers telephone

handsets, joysticks, keyboards, etc.
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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
specified way.

The metal foil is connected in a specified way to the reference point of the disturbance

measuring sysiem via an RC element consisting of a capaciior C = 220 pF £ 20 % In series
with a resistor R =510 Q + 10 % (see figure 9a).

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 ke rd a metal foil,

up requires a longer lead length, the total inductance of the Ié g s than 1,4 pH if
the frequency of measurement is near 30 MHz.

When considering the total of the interconnecting wire free space, the
inductance L of the wire shall be less than 1,4 pH if/the of the frequency range in
the conducted emission test is 30 MHz. For a givep \si ire-te is requirement allows
the calculation of the minimum diametend (in metres ' be used from:

where
M =41t x 107 H/m;
| is the length of the

d is the diamet ft
NOTE When compl i e requirement of 1.4 pH, the impedance of the RC network sufficiently
dominates at 30 MHz.

correct choiceNargelywdepends on the (generally unknown) internal common mode impedance
of the disturbance~source in the presence of the metal foil and the characteristic impedance of
the transmission line formed by the connecting wire and its environment. If the frequency
rangeofithe emission measurements is limited to 30 MHz, the position of the RC element is
not €ritical, and a practical position (also from the reproducibility point of view) of the RC
element is inside the artificial mains network or the line impedance simulation network.

When the conducted emission to the mains is measured. the reference point is the reference

ground in the artificial mains network (AMN). When this emission is measured on a signal or
control line, the reference point is the reference ground of the line impedance simulation
network (LISN). 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 an exposed
metalwork and shall be directly connected to the RC element.
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The following items specify the detailed application of the artificial hand:

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

b) When the case of the appliance is of insulating material, metal foil shall be wrapped
around the handle B (figure 9¢) and also around the second handle D, if present. Metal foil
60 mm wide shall also be wrapped around the body C (see figure 9c) at the point where

the iron core of the motor siafor is Tocated, or around the gearbox if this gives a higher
interference 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.

c) When the case of the appliance is partly metal and partly insulating material, andvhas
insulating handles, metal foil shall be wrapped around the handles B 2 (figurey9c). If
Wide shall be

vs_ag far as possible. Using a PCB,
the metal side has to be placed on ¢t does not, however, need to exceed the

dimensions of 300 mm x 100 mm
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M
B
220 pF+20 %
g 510Q=+10 %
:. IEC 1001/97
Metal foil wrapped around éa on ¢Q otor
stator or gearbox
IEC 748/96
Figure 9a — RC element
Metal foil wrapped round handle
Metal body

AN ‘ Insulated handle

Guard (if fitted) (’%
\
A and B : handles of insulating material
IEC 74996

Figure 9c — Portable electric saw

Figure 9 — Application of the artificial hand
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60 mm Cross-section A-A

S

e | =il BN

Telephone

L = Circumference

|
A—=— { 220 pF .

| —

IEC 1002/97

Figure 10a — Application of artificial hand to telephone handset

Control I
cable I
to ITE

100 mm

i
L %&m m\ \= J IEC 1003/97

The artificial han@t@te}m amith\t following dimensions:
a) 60 mm wide an gre%te an LN \marts of the equipment that are hand-
length d during operation, or at a maximum
of 4
00 m \>

b) %QQ/V:? for keyboards, whereby the metal foil is
to be sized in order to cover the total
number of keys, or to partially cover the
keyboard, when the keyboard dimensions
are greater than the maximum foil size.

N\

Figure'10\— Examples of application of artificial hand to ITE
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Annex A
(normative)

Artificial mains networks
(clause 4)

This annex sets forth information and data concerning artificial mains networks used in the
measurement of radio-frequency (RF) voltages over the frequency range 9 kHz to 100 MHz
and having current carrying capabilities of up to 500 A. Included are V-networks for voltage
measurements between each conductor of the supply mains and referentce 3 h, and“delta-

(asymmetrical).

A.1  General

An artificial mains network circuit has to provide f pedance over the
working frequency range. It has to provide sufficient/isolat S signals in the mains
supply (the spurious signals generally should be 9 e measurement level
at the measuring receiver). Also it has prevel from being applied to the
measuring receiver. It should have th onddctor of the mains (two-wire
in single-phase and four-wire in three- conpect the measuring receiver to
the mains conductor under measuremen de the correct termination to the other
mains conductors. The circuits given i 3 have these facilities. They are given for
the case of two-wire single-phase mains ion 10 four-wire three-phase use is simply
done.

A.2 An exam:fe . { ifici i -

Figure 4 shows a suitat i omponent values listed in table A.1. L1, C1, R1, R4
and R5 define the and R2 provide the isolation to spurious mains signals
and mains imp 13, and C3 decouples the measuring receiver from mains

@ . Component values of 50 Q/50 uH + 5 Q network
‘Co}.Qonent

Value
R1 5Q
R2 10Q
R3 1000 Q
R4 50 Q
RS 50 Q (input impedance the measuring receiver)
C1 8 uF
C2 4 YF
C3 0,25 pF
L1 50 pH
L2 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 C1 and C2 have high capacitances, for safety reasons the network case should either
be solidly bonded to reference earth or a mains isolating transformer should be used.

The inductance L2 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).

Clause A.7 describes a suitable construction for the inductor L1. For gquipraentequiring

currents greater than 25 A, difficulties may be encountered in the consgtiuction of.L2. In this
case the isolating section L2, C2 and R2 may be omitted. The &ffects( will be_that the
impedance of the network at frequencies below 150 kHz may < i the tolerance

maihs V-network

since the circuit is able to meet the impedance\spesification. However, in cases of high
ambient mains noise a filter is required to feducexhe spurious signal level. This network may
be constructed for use wit up\to 1
Ta lues of 50 Q/50 uH network
(&sgnrbwent 2 \/ Value
/ﬁ\ R > 1000 Q
AN D] 500
3 0Q
\?4\ 50 Q (input impedance of the measuring receiver)

Q N\Rrs \ 0Q
N\l 1 uF
N2 0.1 uF

L1 50 pH

Since C1 has a high capacitance, for safety reasons the network case shall either be solidly
boended to reference earth or a mains isolating transformer shall be used.

Clause A.7 describes a suitable construction for the inductor L1.
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A.4 Examples of the 50 Q/5 pH + 1 Q artificial mains V-network

The circuit of figure 5 with the component values given in the table A.3 is suitable for
frequencies 150 kHz to 30 MHz, and currents up to 400 A.

Table A.3 — Component values of 50 Q/5 pH + 1 Q network

Component Value
R1 1000 Q
R2 50 Q
R3 00
R4 50 Q (input impedance of the measuring}e\ge\ivér) <\
R5 10
C1 2 pF (minimum) < \
e TZANNSAN
L1

An alternative circuit with component values i gu\)lt is suitable for the

frequency range 150 kHz to 100 MHz, for rents u t

To measuring /\ N i
appjaratus f! ]
0.05 uF
1 1
To appliance ) ( To supply or |
| |
33 pF == —
10 Q 10 Q
100 Q |
I l 0.25 pF ==
L _T_ = —
Coil details:
o M, To Wrms, IO T WOUTTQ O1T OU 11T Uidlllelel T1OTTTTer. Idppillg pUilllb dl o5, O, U dlud 15,0 WITIS.

Figure A.1 — Example of an alternative 50 Q/5 pH + 1 Q artificial mains network for
devices used with low impedance power sources
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A.5 An example of the 150 Q artificial mains V-network
Figure 5 shows a suitable circuit. The component values are given in table A.4.

Table A.4 — Component values of the 150 Q V-network

Component Value
R1 1000 Q
R2 150 Q
R3 100 Q /TN
R4 50 Q (input impedance of the measuring reWr) -
R5 00Q 7\ \
C1 1 pF \
= o N NCR >
L1 suitable value to achieve the@e\crﬁg\in&w\ance\
N

A.6 Example of the 150 Q artifici

Additi
filtersectio

y«éq\uid

—ﬂfr-—‘r‘-‘—ﬂ =
|
|
AN

-
| flA
-

Measuring apparatus 4 0 e

P is the connection for apparatus under test
1 for the symmetrical component
2 for the asymmetrical component

Figure A.2 — Example of an artificial mains network (delta) for measuring apparatus with
unbalanced input
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Table A.5 — Component values of the 150 Q delta-network

Component Value
R1, R2 118,7 (120) Q
R3, R5 152,9 (150) Q
R4 390,7 (390) Q
R6, R7 275,7 (270) Q
R8, R9 22,8 (22) Q
R10, R11 107,8 (110) Q
R12 50 Q /\
c1, c2 0.1 uF N
L, C suitable value to achieve the specified ig(p\e\}aqce \
NOTE 1 The turns ratio of the balanced to unbalanc transfoxmex is >
assumed to be 1:2,5 with center tap.
NOTE 2 Resistance values shown in brackets are th@)r%v ues
(x5 % tolerance).
N

ues\braQQts are based on the

Calculations give the following network performance.
resistance values in brackets.

Attenuation: Symmetrical
Asymmetrical

Network impedance:  Symmetrical

A.7 An example g

A7A1 The indu

The solenoid
layer of 6 m

uefor shown in figure A.3 consists of 35 turns of a single
wire with an 8 mm pitch wound on a coil former of an

O
4 8 12 16 20 24 26 32

CEI-IEC 918193

Resistors R (430 Q £ 10 %) are connected to taps at turns 4 and 8, 12 and 16, 20 and 24, 26
and 32. Inductance is 50 pH = 10 %.

Figure A.3 — Schematic of 50 pH inductor
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The diameter of the inductor is 130 mm. In order to improve the electrodynamic stability of the
winding, a 3 mm deep spiral groove is made in the coil former, and the wire is laid in this
groove.

The higher frequency characteristics of the inductor are improved by sectionalizing the
winding. Alternate sections, each of 4 turns, are each shunted by a 430 Q resistor. These act
to suppress internal resonances in the inductor, which otherwise would cause the input

impedance to deviate from the specified value at certain frequencies.

A.7.2 The case of the inductor

The inductor and the other components of the network are mounted on a
then closed by metal lids. The bottom and side lids are perforated in ordeg

socket to be used for attachment of the equipment under test.

Radio interference
measuring apparatus

- Q&\O, _

4

2
%

:
> o

IEC 1315/99

igure.A.4 — A general view of the artificial mains network

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
thee circuit of figure 4 but without the isolation section L2, C2, and R2. The attenuation is

determined as that hetween the Qllpp|y mains terminal and the radio disturbance mnneuring

apparatus terminal. In the case of 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
artificial mains network as given in figure A.5.
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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.6a
and A.6b for each test configuration of a V-network. It shall be measured on each line with
each internal connection (e.g. with manual or remote switching configurations) using a
network analyzer or using a signal generator and a measuring receiver or an RF-voltmeter

A Res—o he - afa Mch—are—Ro

Network R
etworl 50 Q=
analyzer v‘
Output Input V-network
1 1 10 dB
I i x
S
AT
>—N d ains port
Adaptor
/T\ EUT po O L
10\}5\

IEC 834/99

N
Figure A.6 Test set{up. for

S

RF
Network \ 10 dB |— =)
an €
Out}tﬂ\ Inpi

ization of the network analyzer

\ £ 50 Q V-network
Q& |
,,,,,,,,,,,, =N -
\J | J
) ———=)— L1 .
_______________ i )>—N Mains port
Adaptor -ﬁ
T EUT port i
0B
A
r IEC 835/99

Figure A.6b — Test set-up for measurement of the voltage division factor
using a network analyzer
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Since the EUT port presents a frequency-dependant input impedance, the network analyzer
needs to be normalized, 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.

The construction of the adaptor used at the EUT port is critical for the calibration. The
connections must provide low impedance and the T-connector must be placed as close as
possible to the EUT port and earth terminals. The 10 dB pads are used to provide exact 50.Q
source and load impedances for accurate measurements.

Each line of the mains port shall be terminated with 50 Q relative to the

For a 150 Q V-network the voltage division between the EUT port a
port, i.e. 150 Q/50 Q, must be taken into consideration.

S
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Annex B
(informative)

Construction, frequency range, and calibration
of current probes
(clause 5)

B.1 Physical and electrical considerations for current probes

The physical size of the current probe is a function of the maxim ableNsize to be
measured, the maximum power current flowing in the cable, the\range “of signal
frequencies to be measured.

within the centre opening of the toroid. Existing require Yymanufacturers' specifi-
\ sy in diameter. The

secondary winding is placed on the toroid in such 4 mann acilitate the clamp-on
function of the probe. The toroidal core and windjng iS)enc it a shield to prevent
electrostatic pick-up. The shield has a gap to preve eing a shorted turn on the
transformer.

Typical current probes for disturbance n even to eight secondary turns.
This number of turns is an optimized turns-ratio\io \re a maximized flat frequency range

and an insertion impedance of 1 Q or\less. Faf, freg
p K between

ith—a

The current pr g as\g/pick-up device for disturbance measurements.
Therefore, it is desigres f e disturbance current to a voltage which can be
detected by the mg{ i f"'the current probe may be expressed conveniently in
terms of transfer{im ansfey/impedance is defined as the ratio of secondary voltage

zurrent probe and disturbance receiver is also a function of the
receiver sensitivity. Wi um detectable disturbance current in a conductor is the ratio of
receiver sensitivit ) to current probe transfer impedance (Q). For instance, if a one
microvolty(1TV) receiver and a current probe with a transfer impedance of 10 Q are used,
then theminimum measurable disturbance current is 0,1 uA. However, if a 10 puV receiver and
a current probe with a transfer impedance of 1 Q are used, then the minimum measurable
current is 10 pA. To obtain maximum sensitivity, the transfer impedance should be as high as
possible.

The transfer impedance Z7 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 yA (Zt in terms of decibels above 1 Q is taken as 20 log Z7).
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BNC connector

L
Removable covers <{ (\

Shielding case

for clarit Section AA
4 8 warps each side

IEC 1317/99

e 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”™. After considerable simplification of the exact circuit and derived equations, the
following equations for the transfer impedance result:

High-frequency case: Zt = Wi 77
[(WL/R )2 + (w2LC - 1)2]
Mid-frequency case: Zt = MR /L when («2LC = 1)
wM
Low frequency case: Zt = 75
[(w/R2 + 1
where

Zt is the transfer impedance;
M is the mutual inductance between primary and secondé
L is the inductance of secondary winding;

R, is theload impedance of secondary (usually 50

C is the distributed capacitance of secondar

constant).
2) The high-frequeng

The current
|mpedance i

probe will not gr Y the primary current flow. However, if the sum of the circuit source
and load impeda is less than the insertion impedance, the application of the current
probe may‘alter the~grimary current considerably.

Onerintended current probe application is the measurement of disturbance current on primary
pewer lines which may carry up to 300 A of d.c. or 100 A of 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.

I herefore, the magnetic circuit shattbe designed so that it witt mot saturate. Since 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.

* MIT Staff: Magnetic Circuits and Transformers, John Wiley & Sons, Inc., New York, N.Y., 1947.
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Shielded housing

i O) Coaxial connector

L2 = 0,8 mH

|

! C,=Cy=064pF
L, !

1

1

|

|

1

of the high-pass filter is to
of the current probe. T}

NOTE The ‘phase angle between /; and /, is assumed zero. This is the case for leads of less than 1 m and
frequencies below 30 MHz.

It'can be seen from figures B.4a and B.4b that the currents have the following relations:

17 =Ic+ Ip
I =1c-1Ip
21c =11+ 1

Ib=11-1
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+10

Transfer impedance in dB () - 201g Z
|
-y
o

~%0 0 AN >

10 \wp% 1000 M
G Frequency Hz

A
74

=
|
< ; A\
/

+20
/\ ||
+10 i +10
\ )( TN N |
N ™\ \C‘Qv' \\
2 0 \) K 0
o N 14
! Y N K=
=S 0 1 Q
% 3 N ) ~ /
@ 10 g -10
£ - /
Q ©
: TG : 7
8 20 V. 8 —20
o S AT N c
§ % g
2 -30 = 30
e 2
C
=
-40 -40
-50 -50
100 K 1M 10M 100 M 10M 100 M 1000 M
Frequency Hz Frequency Hz

IEC 1319/99

Figure B.3 — Transfer impedance of typical current probes (see clause B.4)
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Mains /éj \
network /

EUT

IEC 1320/99
Figure B.4a — CISPR test circuit with interference curre
YN
L
Mains
network U ? l
N —
IEC 1321/99
Figure B.4b — Test circuit which d metrical mode and

figure B.5. The dimensions shown are for a current
probe with a cenife eter. For other sizes of current probes the dimensions

are scaled accor

---------------- . @508 - =

! 2 holes
31,8 38,1 31,8 @40
>t > > 2 places

2 23,8
IEC 1322/99

Figure B.5 — Shield configuration used with current transformer
(The material should be highly conductive,
e.g. copper or brass)
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This 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?), 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 equipment
under test. The diameter of the centre of the shield is the 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 soithat
the gap in the housing is not shorted.

B.5.3 High-pass filter

A high-pass filter, if needed, is inserted between the output of tk
measuring receiver. This filter may be part of the measurip
and B.4b).

B.6 Calibration of current probes

Calibration of current probes may be done by a ich i of two halves of a coaxial
adapter. When assembled with the ¢ he n pla a coaxial line the outer

voltage V1 on the line. Th 2 i of the probe should be taken into account

in the design of the j xial line. If the voltage output of the current
probe is V5 the trTs alculated using the following formula:

where
k is the trg
V, is th€ RF oltage,on the cbaxial line in dB(pV);

V, is the

The transfer admittance k is used to calculate the value of the measured current Ip by the formula:
Ip=Vo+ k

where
lp _is in dB(uA), and

Vo is in dB(uV)
k isin dB(s)
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Figure B.7 shows a typical calibration result, figure B.8a shows the return loss and figure B.8b
shows picture of the coaxial adapter jig.

50 Q

llb
0

[ ]

Vzl 50 Q

Figure B.6 — Schematic diagram of circuit with coaxis a)s and current probe
Current probe factor k me 2

A
o
N

N -
R

AN
B

Figure B.7 — Current probe factor k as a function of frequency

100 500 MHz 1000

4]
—
o
54
o

CEI-IEC 928/93
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Return loss dB

10

20 /

30 /

40 r
- AN
1 10 10 1900
egiienc
EC 1323/99

Figure B.8a — Retu

Return loss of the coaxial adapter (s&
probe inside. The current probe is also ek

50 Q and with the current

CEI-IEC 930193

Figure B.8b — Current probe between the two halves of the coaxial adapter
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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
(clause 6)

C.1 Coupling unit type A for coaxial antenna input

The circuit diagram and construction are similar to the type A unit sho .1, except

that the inductance value is 280 pH.

Construction of the 280 pH inductor:

Core: two ferrite rings, material 4C6 or equivalé

Winding:
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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 pH each and C7 = 47 nF and C2 = 0,22 pF.

Construction of each 560 pH 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 p; =120
Loss factor tand/y; < 40 at 2 MHz, < 100 at 10 MHz
Resistivity P = 10 kQm

To interference source

SAN,

To loudspeaker

17 7o equipment under test

| 2

one ferrite ring, type 4C6,

0 36 mm x 0 23 mm x 15 mm
20 turns copper wire insulated
outer 0 1,2 mm

Mounting of the inductances: see unit type M

C1 =10nF
C2 =47nF

Figure C.3 — Example of coupling unit type L for loudspeaker leads
Schematic diagram and simplified construction drawing
(see D.2)
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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 clause 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 may be used for this purpose, if the two stereo signal cables of
the equipment under test are connected together.

To interference source

w

Audio signals 19 =

input or output To equipment under tast

IEC 1333/99

reeened twisted pair:
ter of cable insulation 2,8 mm
gnce: see unit type A

oupling unit type Sw, for audio signals.
and simplified construction drawing
(see D.2)

The circuit diagram and construction are similar to the type Sw unit shown in figure C.5,
except with two 560 uH inductors constructed as described in clause 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 0f 0 3 mm-diameter
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Annex D
(informative)

Principle of operation and examples of coupling units for
conducted current immunity measurements
(clause 6)

D.1 Principle of operation

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

D.2 Types of unit and their construction

Type A: The RF coaxial units a k sed oaxial leads carrying wanted
; he construction details are shown in

figure C.1. The 100\Q rgsis{or (to Ypake up the 150 Q source impedance
' 1 essignal source) is bonded to the shield of the

n the u

Type M: - & Wi ins—€ads. The construction details are shown in

n equivalent resistance of 100 Q. This unit is like an
etwork and presents, as seen from the equipment

Type L: eS8 use with loudspeaker leads. The construction details are

Type Sr and e designed for use with audio, video and other auxiliary leads. They
ulti-pin units which have to be adapted to a variety of pin numbers and

corinector configurations, as follows:

Type Swi 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 equipment under test. The construction details shown
in figure C.4, indicate the simple filtering provided for audio signals with a
screened pair wound on a toroid. In the case of multi-lead cables it may be

necessary, for construction reasons, to separate the cable Teads 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 earth pins of
the output connector, the screens of the shielded leads, and through
capacitor on to the other (unshielded) leads.
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Type Sr: 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
(earthing) and the earth 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
imlnr:-dnnm:- could be used for this purpase

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 pHor 2 x 60 uH in
parallel and are satisfactory for the frequency range 1,5 MHz to 150 MH%. For thé.frequency
range 0,15 MHz to 30 MHz, the inductance values are 280 puH or 2 x H allel res-
pectively. Annex C describes their construction.

Precautions have to be taken in the layout in order to keep parg i the output
terminals of the units as low as possible. It should be noted q c g of the units
are to be carefully connected to the ground plane using_la action copper braid and

unpainted cases.
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23
Rn
8
100 Q Vv av av =
i L 222 .
To interference source — ) ZZZZA 24 To equipment
1W —'{:—‘m - eyloylot under test

i ol Z 2 4 4

——— W

rh,_
- 6

9 L —

6-8-9: see unit type A

23  is the metallic case 100 mm x 55 mm x 55 mm

24  is the multiple-pin conductor or DIN-socket

R1 to Rn are the matched load resistances.

Examples: Coupling units Sr for audio equipment:
magnetic:

Phonograph 2%2,2kQ
crystal:
2 x 470 kQ

Microphone:
Tuner:

Tape recorder:
Audio in/out:

load resistances —

9,

1336/99

tion drawing (see clause D.2)
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Annex E
(normative)

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

E.1 Description of an example of an AAN: the T-network

Figure E.1 gives an example of an AAN, the T-network, having termifals™Na, and-b, for

symmetric currents are suppressed by a h|gh [
asymmetric currents (passing to R),;) shall be negligib

E.2 ters of an asymmetric artificial network (AAN)

For the detefminati C pliance with the requirements of 7.1, the procedures for the
S rameters described below are used

a)

shall be_checked/with terminals a, and b, being alternatively open and short-circuited to
the-garth terminal RG (see Figure E.2).

Q

b) _Longitudinal conversion loss (LCL)

This rejection of the Y-network shall be measured in accordance with Figure E.3c. The
network analyzer (NWA), applles its output signal to an LCL probe, which must have a

the AAN. For LCL probe ver|f|cat|on see F|gure E.3a and for caI|brat|on see F|gure E.3b.

c) Decoupling attenuation
The decoupling attenuation shall be measured in accordance with Figure E.4.
d) Insertion loss of the symmetric circuit

The insertion loss of the symmetric circuit shall be measured in accordance with
Figure E.5.
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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 2 baluns is less
than 1 dB in the frequency range from 0,15 MHz to 30 MHz.

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.6.

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-S.

Reference Ground (RG)
and Safety Earth

IEC 1116/03

AE
port

AAN
Y-network

L *

! !SOQ

NOTE If the AAN is of higher order (i.e. more than 1 pair of wires), then all wires of the EUT port, respectively all
wires of the AE port, are connected together.

IEC 1117/03

Figure E.2 — Arrangement for the termination impedance measurement



https://iecnorm.com/api/?name=695ee49b59dc4540595e0fc2dd405c37

CISPR 16-1-2 © IEC:2003+A1:2004 - 119 -

LCL probe circuit

[

I
b
I
I
vi||z I R,
I
I
L

Al
% ]

1 L

. o _ R1dR2 +Rs)

the nominal symmetric impedance Z (=—— ) of the AAN and thg
Ri+Ry+R3

_ R2[R3
R2 +R3
measured. For Z=100 Q: Ry =120 Q and Ry = R3 = 300 Q.

), the probe should ideally show a residual LCL of 20dB o

The LCL probe should be operated with an asymmetric source i

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

to the balanced terminals of the LCL probe.

Definition: longitudinal conversion loss (LCL)

L-circuit

I
T
| |
I z
| |
Zl4 Real
ET
L
IEC 1119/03
(R., /Z)+4R _+Z
NOTE ;o =201g|—m cal " l4B
L 2Ry # Z)

The LCL measurement uncertainty per Figure E.3c is influenced by the accuracy of the L-circuit and the amount of
the residual LCL of the probe. Changing the orientation of the LCL probe relative to the L-circuit will show some
uncertainty of calibration.

Example of an L-circuit: For an impedance Z = 100 Q and Rgyy, = 100 Q, a value

Rca) = 750 Q will give an LCL of 29,97 dB i.e. approximately 30 dB.

Figure E.3b — Test arrangement for the LCL probe calibration (L-circuit)

3) Figures in brackets refer to the reference documents at the end of this annex.
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