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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’ for izati mprising
all electrotechnical committees (IEC National Committees). bpromote
intermational co-operation on all questions concerning standardization in t elds. To

this nd and in addition to other act|V|t|es IEC publlshes Internationalk Standard i ifications,

ide as “IEC
: ommittee interested
in the subject dealt with may participate in this preparatory wo i egrnmental gnd non-
govefnmental organizations liaising with the IEC also participate i i ion. [E€ collaboratef closely
with [the International Organization for Standardization (ISO) i i onditions determined by

2) The flormal decisions or agreements of IEC o 3 g s nearly as possible, an intefnational
consensus of opinion on the relevant subjec ¢ i mjtfee has representation|from all

3) IEC Publications have the form of recommendations fox i i use and are accepted by IEC|National

t e to ensure that the technical content of IEC

Publications is accurate, %S kle \for the way in which they are used or| for any
EC

on ommittees undertake to apply IEC Publications

= Q dtional and regional publications. Any diyergence
between any IEC Publicati { tioral or regional publication shall be clearly indicated in
the I3tter.

5) IEC provides nd maxking g ingj s approval and cannot be rendered responsible| for any
equigment declared A0 } i { IEC Publication.

6) All us st edition of this publication
7) No ligbility shall @ttach te its_directors, employees, servants or agents including individual exgerts and
mempers of its_technical co iftees and IEC National Committees for any personal injury, property dgmage or

other 3 whatsoever, whether direct or indirect, or for costs (including legal f¢es) and
expepses a 'smg ot\of Xhe pubJication, use of, or reliance upon, this IEC Publication or any ofher IEC
Publication

8) AttentionN W the_Ng matlve references C|ted |n this publication. Use of the referenced publidations is
indispensabte

9) Attenti e possibility that some of the elements of this IEC Publication may be the sjbject of
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 first edition of CISPR 16-1-2, together with CISPR 16-1-1, CISPR 16-1-3, CISPR 16-1-4
and CISPR 16-1-5, cancels and replaces the second edition of CISPR 16-1, published in
1999, amendment 1 (2002) and amendment 2 (2003). It contains the relevant clauses of
CISPR 16-1 without technical changes.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
2004. At this date, the publication will be

e reconfirmed;
e withdrawn;
e replaced by a revised edition, or

e amended.

@@
o
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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
CISPR 16-1 ?nnedalsmu?nugmty é\.} CISPR 16-1-3 Ancillary equipment — Disturbance power
apparawus XA CISPR 16-1-4 Ancillary equipment — Radi?@d Mbances
CISPR 16-1-5 ?rgggr;\ch:llbratlon tes@ f&\\
/ CISPR 16-2-1 Conducted disturbarce ES{I'S
Methods of i
CISPR 16.2 | measurement of <<: CISPR 16-2-2 Measuremen@f d\s{l{h‘gnée\p(}v\ x
disturbances and CISPR 16-2-3 | Radiated/tisturRancg masurements’”
immunity
CISPR 16-2-4 |mmunw\% }“\ >
CISPR 16-3 )ZfSPR te\cwc eports
CISPR 16-4-1 KUnc rt}mnes\\stan sed EMC tests
Reports and /
CISPR 16-3 | recommendations < SPR 16442 >bl/s/6reré\?\t |ns\y‘nentatlon uncertainty
of CISPR
Statis caI consjderations in the
SPR\{6-4:3 gtermination 6f EMC compliance of mass-
i produced products
CISPR 16-4 | Uncertainty in EMC CISPR™M6-4=4 tatisti S of co.m;.)laints and a model for the
measurements i ca tion of limits

More specmc mformat 0

CISPR
REFER

Measu
the mg
reports|
are given in
and limi

CISPR
disturb
immun

ance ana

aunity measuring apparatus and methods — Radio disturban
ty{measuring apparatus:

Wveurhs
ion, bet the ‘old’ CISPR 16-1 and the preser

-1, while

t ‘new’
CROSS

arious
jeneral

r radio
ce and

e Part 1-1: Measuring apparatus,

e Part 1-2: Ancillary equipment —

Conducted disturbances,

e 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
51 4

5.2 5

5.8 6

5.10 7

5.11 8

Annexegs Annexes

F A

| B

M C

N D

Q

Z

Tables JTables

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, ...,129 A1, ..., A5
F.1 A.6

30, ...,[3 B.1, ..., B.8
44, ... 14 c1,...,C5h
49, 50 D.1,D.2
Q.1, ..| @6 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 currents in
the frequency range 9 kHz to 1 GHz.

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

| levels
Asuring

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

t aN freque
indicatingitange\of the me

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

is given in Part 3 of CISPR 16.

2 Ndrmative references

The fo ument.
For dafed references, only the ed jes. edition
of the rleferenced docume ‘

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

CISPR baratus
and me asuring
appara

CISPR baratus
and md ducted

disturb

CISPR|16-3:2003, 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
standardized EMC tests

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 voltage

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 syn

nmetric

voltagd is the vector difference (Va-Vb)

3.2
asymnjetric voltage
the asymmetric voltage is the radio-frequency disturbance v
electrigal mid-point of the mains terminals and earth. It is some
voltagd and is half the vector sum of Va and Vb, i.e., (Va +

3.3
unsymmetric voltage

the amplitude of the vector voltage, Va or Vb
measuted by the use of an artificial mg S

and 3.2. This is the

3.4
asymmnjetric artificial network (AAN)
network used to measure (or in
symmetric signal (e.g. teleck
mode) gignal

NOTE The term “Y-network”

3.5
impedance stabil
genera
CISPR

3.6
coupli
artificig
signals

3.7

en the
h mode

voltage

hielded
erential

e.g. in

venting

longitudinal converston foss (LCL)

in a one- 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
presence of a longitudinal (asymmetric mode) signal on the connecting leads
(definition from ITU-T Recommendation 0.91)

1) ITU-T Recommendation 0.9, Measuring arrangements to assess the degree of unbalance about earth

to the
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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.

For ea¢h mains conductor, there are three terminals: the mains terminal for con ectiorL to the
supply| mains, the equipment terminal for connection to the equigment derctest, and
the disfurbance output terminal for connection to the measuring equifm

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 refefence earth measured at an equipment ter v sponding distyrbance
output ferminal is terminated with 50 Q.

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

by 50 (.
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 circuif or the

\the corresponding mains terminal and reference

RF filtgr described.in 4. o
earth. This req @- shall e egmperatures which the network may reach under
normal|conditions\for, inuous. curkentsyup to the specified maximum. The requiremept shall

also bg met for peg specified maximum.
42 5 | mains V-network (for use in the frequency range
9

The neftw S ) g impedance versus frequency characteristic shown in figure 1a in

NOTE This, hetwork
subclausle and 4.3.

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
the relevant frequency range. A tolerance of 20 % is permitted.

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

4.4 50 QJ/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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Impedance Q

80

70

60

50

40

30

20

10

; Frequency | Impedance
Impedance points
B . {kHz) Q)
10 54
50, pH 20 7.3
50 Q
80 21
5Q
150 33 3
Equivalent circuit©f
50 Q/50 uH + 5 Q netWork 300
800 /1\(]9
£+HH s+ ¢
0.015 0,02 0,03 0,04 0,06 0.08 0.1

Figure 1a — Impedance of artificial mains network for band A (see 4.2)

€00¢:031 © ¢-1-91 ddSIO

Frequency MHz
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Impedance Q

R 3
Tolerance on curve fis & 20%
85 £ Frequency | impedance
3= Impedance points {kH3) Q)
- O
150 343
200 39
50 Q
Dt D 300 44
700 49
s : O
Equivalent circuit.of
: CEE 50 Q/50 pH netwark
%»"'7'1‘ £ ot B O O e TR e T
R i ] FREH R R R I R
0.15 0.2 0.3 0.4 06 08 1 1.5 2 % 4 6 & )N0 15 20 30
Frequency MHz

IEC 1301/99
Figure 1b — Impedance of artificial mains network for band B (see 4.3)

€00¢:031 © ¢-1-91 ddSIO
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Impedance Q

80 g 5 1
70
60
Tolerance orf curve is = 20%
50 =2 !!!!!Miii
EIIII 3
40
fFrequency Impedance
Impedance points (MHz) Q)
o,
30
HTE +HE FEH S 5 uH 0.15 4,7
: 50 Q [] 0.5 14.8
1 26,2
20 B 1Q
2 39
. 3 44
E Equivalent circuit of 8 49
10 : 50 /5 uH + 1 Q network 30 50
==
016 0,2 0.3 0.4 0.6 0.8 1 1.5 2 3 4 6 100

Figure 2 — Impedance o

f artificial mains network for band B, 0,15 MHz to 30 MHz or band C, 30 MHz

Frequency MHz
IEC 1302/99

to 100 MHz (see 4.4)

€00¢:031 © ¢-1-91 ddSIO
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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 jninnd fngnfhnr and reference earth

For the¢ measurement of the symmetric voltage, a screened and mer is
required. To avoid appreciable modification of the impedance B input
impedgnce of the transformer shall be not less than 1 000 Q at aJl fre i %d. The
voltaggd measured by the measuring receiver depends on the ¢ es and
the trapsformer ratio. The network shall be calibrated.

4.6.1 Balance of the 150 Q artificial mains delta-ne

The b3 nected
thereto hall be
substantially unaffected by the pres 2 hall be
measu

Measuring apparatus

0

(¢4

IEC 1303/99

Figu ment

of symmetrical voltages

A voltage Uy is injected from a generator having an internal impedance of 50 Q, between

reference earth and the common point of two resistors each 200 Q + 1 %. The other end of
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
measuring system.

4.8 Current carrying capacity and series voltage drop

The maximum continuous currents and the maximum peak current shall be specified. The

voltag

maximyim shall be not less than 95 % of the mains voltage at t
the artificial mains network.

applied to the equipment under test when passing continuous/currents yp|to the
mains térmipals of

4.9 odified reference earth connection
The mdasurement of some types of equipment may require the\insertioy i hnce in
the reference earth conductor in the art|f|C|aI malns netivorkRs_iq &% . ing the

earth le
an impg

frequency range. Q
NOTE [for safety reasons, the 5 Q resistor nfentio .2 should{he o

ference
uctor or
for the

Measuring

receiver

o

IEC 1312/99

Figure 4 — Example of artificial mains 50 Q/50 pH + 5 Q V-network
(see 4.2 and clause A.2)
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P/L
o =

i

!
T/IE y ‘ ! " .

1 Equipment | | eaeunng

° ‘° under test 1 : receiver

§ |

‘ ,

Figur¢ 5 — Example of artificial mains V-networks 150 Q

410 C€
The vo ut port
shall b rbance
voltagd.
5 Cu
5.1 C
The ag g direct
condudti use of
special -gvident;
comple of the
normal nay be
convenli gents a
one-tun
Current 0 MHz,
although standing

currents in conventlonal power systems require that the current probe location be optlmlzed
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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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”

below the flat linear range (current probe

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

termin-

Added

Frequepncy response

Pulse r

Magne

Transfd

Influen

Influen

Influen

Curren

5.2

Figure
condug

ated into 50 Q)

shunt capacitance

esponse

ic saturation

r impedance tolerance

e of external magnetic fields

ce of electric fig ot susceptible to fields <10 V/m

ess than 1dB up to 30 MHz and 2,5d
30 MHz to 1 000 MHz, when used on a co
of any size placed anywhere inside the apsg

ce of orien on

At least 15 mm

6 shows a>cifcuit which is used to make voltage measurements between a

probe

ecified
pbes is
0 MHz

in the
s than

current
current
probe

B from
hductor
rture

mains
esistor

toriand reference ground. The probe consists of a blocking capacitor C and a

such that the total resistance between Tine and earth is T 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, X¢, 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== C

(1500 - A} Q
Ne suring aratus
X\ >R R
)
o\ 2 /1
VS YLS S /) 76/

e measurement on supply mains

shall be calibrated in a 50 Q system over the fre
effect on the accuracy of measurement of any device

may bg us bectl ould either be less than 1 dB or be allowed for in cali

Care shs

presen

The lo
referen

bp/ fermed the lead connected to the probe, the mains conductor test

guency
which
bration.
in the

bd and

ce.dround should be minimized to reduce the effects of any strong magnetic fiel

is.

6 Coupling units for conducted current immunity measurement

The coupling units are designed to inject the disturbance current on to the leads under test
and to isolate the other leads and any apparatus which is connected to the equipment under
test from the effects of these currents. With a 150 Q source impedance, there is a useful
correlation between the RF disturbance field strength acting on a real installation and the
e.m.f. that must be applied in the current injection method to produce the same degree of
impairment, at least 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 principle of operation and examples of types of
units and their construction.
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6.1 Characteristics

The performance checks of the coupling units are done on the impedance in the frequency
range 0,15 MHz to 30 MHz and on insertion loss in the frequency range 30 MHz to 150 MHz.

6.1.1 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 equipment under test and the ground of the
unit shall have a modulus of 150 O + 20 Q and a phase angle less than £20° (this impedance

is the same as the CISPR 150 O artificial mains V-network, see 4 4)

For example, for coupling units type A and S, the point of injection is
connegtor; for types M and L, the point of injection is the joint outpu

6.1.2 Insertion loss

In the frequency range 30 MHz to 150 MHz the insertion la§s oftwo 0
tanden] shall be within the range 9,6 dB to 12,6 dB, meas

e 'shield of\the

-nnca coupling

output

units in

The in
should
reading

NOTE

in the frequency range 30 MHz to 150 MHz

ing set-up to check the insertion loss of the coupling units

A,
1309/99

g figure

is the
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7 Coupling devices for measuring signal lines

The interference potential (and immunity) of signal lines may be assessed by measurement
(or injection) of the conducted disturbance voltage or current. For this purpose coupling
devices are needed to measure the disturbance component while rejecting the intentional
signal on the line. The devices included are to measure the electromagnetic emission and
immunity (common and differential mode, current and voltage). Typical devices for these
kinds of measurements are current probes and asymmetric artificial networks (AANs or Y-
networks).

NOTE 1

Requirements for AANs for conducted immunity tests on signal lines may be found in IEC 61000-4-62)

(AANs a
An AAN
testing.

NOTE 2
these lin

NOTE 3
“differen

NOTE 4
to V-nety

be divi
detaile
may be

Subcla
(AANs

of the A

€ SpecClal Versions of coupling and deCcoupling devices [S0 Cdlled coupling/aecou

£S.

The terms “asymmetric voltage” and “common mode voltage” a
ial mode voltage” are synonyms, as defined in Clause 3.

asymm
Annex

7.1

Asymmetric artificigf

mode)
the sy

NOTE |

Figure

equire

oltages ©

DNs)]).
mmunity

ected to
ge” and

contrast

e must
by the
edance

eability
mple of
iven in

bmmon
jecting

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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o Asymmetrical o
artificial Ancillary
EUT network equipment
(AAN) —=®
[6)
Zy Measuring
receiver

IEC 1127/03

Figure 8a — Principle circuit of the asymmetric artificial network (AAN or Y-network)

unbalance network Z,,,

LCL/dB Example LCL and tolerance requirements for AANs {\ x
80 \
. L < AN N
I~
L AN
70 P %
.\\
— t\ fﬁ \
:\*-\ = ™
50 ~ANK \
~<Q \\&
T~
&\ \\\ L
'\\ N \
L] N \ Y
50 ' § \\ \ L
\(\ N %7‘\\\\\'
Y
40 f\ YN \ ™ \ 1y [
AN T > N \Q
30 N = [ f
0,1 0 10,0 100,
LCINS0 dB LCL50-3dB  —=—LCL50+3dB  ===LCL 60 dB ——LCL 60-3 dB
L 600l dB\ === LCL 70 dB ——LCL70-3dB  ——LCL 70+Tol dB

NOTE 1

where
LCL

f

fcorner

Tol

Qn cahv@.g.

fcorner

2
LCL = LCL¢ —10Ig 1+[ ] + Tol (in dB)

is\the LCL at low frequencies, e.g. 50 dB,

1EQ

is the frequency,
is the corner frequency, e.g. 5 MHz, and

is the LCL tolerance, e.g. 3 dB

MHz

1128/03

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°
b. Lohgitudinal conversion loss (LCL) at the EUT port of the networkP Hefined)
ned
andard,
bC
c. Defkoupling attenuation for asymmetric signals between AE port and Hefined)
EUT port

ihg
bquency

d. Ingertion loss of the symmetric circuit between EUT an?/AE/po)rts

e. Vo|tage division factor of the asymmetric circuit b Jypically 9,5 dBe
measuring receiver ports, to be added to readln f th me Uri >
redeiver

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

g. Transmission bandwidth for the intentio aI S|/gQI \\{%g\or}vgltal) t.b.d.9

h. Fre¢quency rangeh Emissi (0,009) 0,15 MHz to 30 MHz
unity See e.g. IEC 61000-4-6
a Th¢ asymmetric impedan IIy influenced by the addition of an unbalanced rletwork
acdording to Figure . i ifies\the impedance tolerance for the basic network] If the
influence of t sal i e and phase is negligible, the given tolerance may apply
including the uwrpalg i not the case, e.g. if the unbalanced network chandes the

img as€ by more than 10°, the product standard shall take this into

acd pedance and phase, since a certain tolerance should be| left to
the

b Dif ion of conformance of equipment are in use: use an LCL of the AAN|higher
thap the i S ignal lines or use the LCL to simulate available telecommunication line

catpgd

¢ Thg Ve in Figure 8b have been taken — with modified tolerances — from a draft|of the
ampndmen 22/1997. Other values may be defined by future product standards. Therefpre the
LCL requirements given in this publication are examples only. Generally, 3 factors have to be considgred for
LCL tolerances: the fesidual LCL of the basic AAN, the deviation of the unsymmetry network Zj, from
norpinal and the uncertainty of LCL measurement. The tolerances given in a product standard should take
inta_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 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. 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  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. Tepmination impedance of basic network for unsymmetric
disfurbance voltage:2
. magnitude 150 Q 0 Q
. phase 0° + 0°
b. Defoupling attenuationb for unsymmetric signals between AE port 15 z:o be\gefined)
and EUT port. dB
c. Indertion loss and transmission bandwidth for the intentional by system
(cdmmunication or r.f.) signal between EUT and AE ports, includin irements¢
characteristic impedance(s) x
d. Voltage division factor of the unsymmetric circuit betw EU Typ|c Iy\,‘;{dBd
andl measuring receiver ports, to be added to the readlng
thg measuring receiver. Q
e. Frequency range (1) Emission Q }OOQ) 0,15MHz to 30 MHz
(2) Immunity <\ )\ See e.g. IEC 61000-4-6

2  The gsymmetric impedance of the AN will bg ermined theN50-Q resistor in parallel with the chokg and the
capatitance of the bulkhead connector to grfound,

b Since i i ectly “¢o cted to the AN metal case, the dg¢coupling
attenpati i f emisspon (or immunity) test set-up shaII be sq that the

minin i i

¢ Inserfi
AE p
this 3

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

d  The i age division factor in a test set-up according to Figure|F.2.

8.1 |

In somg 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 ar¢ hand-
held. Housings of plasiic with a conduciive coaiing 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 system via an RC element consisting of a capacitor 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 Ol darll Uqulplllclll UUUy dalc lyplbdlly UU LLLLRA WIUU III I.IIC Cds’© UI d I\ U IU d Illttal f0||
or morg practically a metal plate of maximum dimensions 100 mm x 30Q\mm, y~be|placed
on top pf the keys. Examples are given in figures 9 and 10.

bst set-
4 uH if

The lead length between the RC element and the metal foil sha
up requiires a longer lead length, the total inductance of the Ié
the frequency of measurement is near 30 MHz.

When ¢ S : free spagce, the
inductgnce L of the wire shall be less than 1,4 uH if/the imit_of the frequency range in
the corn i i is requiremenf{ allows
the cal¢ be used from:

where
u =471 x 107 H/m;

| is thie length of the
d is t::]: diamet f the
NOTE \Vhen com;@ i

dominatgs at 30 MHz.

fficiently

8.3 ]

The m nerally
met whe placed
either 4 int. The
correct edance
of the qi ance of
the tra quency
range ment is

not critical, and a practlcal posmon (also from the reprodumblllty pomt of V|ew) 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 stator is located, 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 appllance is partly metal and partly msulatlng materlal and has

insyita f f f ) T g 9¢). If
the|case is non- metalhc at the Iocat|on of the motor a metal foil 60 mm W hall be
Wr is lpcated,
or @ | higher
int e pwint tal foil
aropind the handles B and D and the metal foil on the bodyC sk bgether
and to the terminal M of the RC element

d) Wh erial A
and hall be
wr pody C
sh

e) Fig set, the
60 case of

ak
the|metal side has to be placed on ¢t
dimensions of 300 mm x 100 mm

vs_ag far as possible. Usinga PCB,
does not, however, need to exceed the
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60 mm A
H 1]
I I
M l '
I ¢ |
B ~< ! [
220 pF+20 % | |
— |
Y
510Q=+10 %
: IEC 1001/97
Metal foil wrapped around éa re of'ynoto
stator or gearbox
\[EC 748/96

Figure 9a — RC element

Metal il wrapped round handle

Metal foil wrapped round hanf{ile

‘ Insulated handle
4
U2 &
NS
5

\ ©
N N/
A and B : handles of insulating material
IEC |749/96

Figur -

Metal body

A

(N
%
Guard (if fitted)
Y

Figure 9 — Application of the artificial hand


https://iecnorm.com/api/?name=c7dbd21744fc7276db247ee18da927b9

CISPR 16-1-2 © IEC:2003 -51-

60 mm Cross-section A-A

S

e | =il BN

Telephone

|
A—=— { 220 pF 5100

I —
I —

Figure 10a — Application of artificial hand to telephone handset

L = Circumference

IEC 1002/97

Control 220‘ ‘pF
cable I
to ITE
LITTTT] LLTT]
|
100 mm \ i
(4
| AN
b VAR t

RN TR A

The artificial han@r@te}m am/ith\t

following dimensions:

1.003/97

a) 60 mm e an greate \marts of the equipment that are hand-
length d during operation, or at a maximum
of 4

to be sized in order to cover the total

X\ 00 m for keyboards, whereby the metal foil is

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

measufements between each conductor of the supply mains and referentce e delta-
networks for voltage measurements between conductors of the supp, etrical)
and bgtween the mid-point of the conductors of the supply ms erence earth
(asymmetrical).

A.1 [General

An artificial mains network circuit has to provide f pedance oyer the
working frequency range. It has to provide sufficient/iso)atj s signals in thg mains
supply|(the spurious signals generally should be 9 e measuremept level
at the i from being applied to the
measufi onddctor of the mains (tyo-wire
in sing conpect the measuring recegiver to
the ma i e other
mains ¢ jven for
the cas 0 four-wire three-phase use is|simply
done.

A.2 |An exam:fe .

Figure ¢ shows a suitat ,[R1, R4
and R§ define the signals
and mpins impe€ mains
voltagg. It ma

@ . Component values of 50 /50 uH + 5 Q network
‘Co}.Qonent Value
R1 5Q
R2 100
R3 1000 ©Q
R4 50 Q
R5 50 Q (input impedance the measuring receiver)
C1 8 uF
C2 4 uF
C3 0,25 uF
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 yF 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 ¢
currents greater than 25 A, difficulties may be encountered in the cong

case the isolating section L2, C2 and R2 may be omitted. The gffects

impedgnce of the network at frequencies below 150 kHz may

This cifcuit may also satisfy the requirements of the 50
specifigd in 4.3.

A.3 |An example of the 50 Q/50 uH artificj

Figure [5 shows the circuit with the co i the table A.2. L1,
R3 and R4 deflne the impedance. Unlike th pleg, there is no isolating

ambien
be con$

/ Compopent ) Value

R R > 1000 Q

e S

3 0Q

\RE\ 50 Q (input impedance of the measuring receiver)

LR

N2 0,1 uF

L1 50 pH

quiring

.| In this

hat the
erance

etwork

€1, R2,

section
bf high
rk may

Since C1 has a high capacitance, for safety reasons the network case shall either be solidly

bonded 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 uH + 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 /5 pH + 1 Q network

Component Value
R1 1000 Q
R2 500
R3 00 (
R4 50 Q (input impedance of the measuring}e\ge\ivér) <\
R5 10 \ \ \/
C1 2 pF (minimum) < \
e TZANETWAN
L1

An altgrnative 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
apparatus 7
0.05 uF
1 1
To appliancs ) ( fo supply or load
"r -
33 pF == ) . 7
10 Q 10 Q
100 Q |
I l 0.25 pF ==
L - —_ _
v :
=

Coil details:

5 puH, 18 turns, ¥ 6 mm wound on 50 mm diameter former. Tapping points at 3, 5, 9 and 13,5 turns.

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 O
R3 002 7
R4 50 Q (input impedance of the measuring reWr) -
R5 0Q 7\ \
c1 1 uF \ \/
oz o N SN >
L1 suitable value to achieve the@e\crﬁ{\iwnce\
X

A.6 [Example of the 150 Q artifici

Figure |A.2 shows a suitable circuit. The

<
_—

filtersectio

[Ty
i

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) O
R10, R11 107,8 (110) Q
RTZ o0 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 transfoxmergis >
assumed to be 1:2,5 with center tap.
NOTE 2 Resistance values shown in brackets are th@are\pre&v ues
(x5 % tolerance).
A

ues\braQQts are based|on the

Calculgtions give the following network performance.
resistapce values in brackets.

Attenuation: Symmetrical
Asymmetrical

Network impedance: Symmetrical

A7

A.7A1

The so uefor shown in figure A.3 consists of 35 turns of g single
layer ¢ wire with an 8 mm pitch wound on a coil formen of an
insulati ial. s_inductarice is greater than 50 pyH outside the metal case and| 50 yH
inside {k 3

O

4 8 12 16 20 24 26 32
CEI-IEC 918/93

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 induetor-ar s—other-components . sc-omramretat-frame—which is
then clpsed b i he heat

jeneral

NOTE Jop 3 corner of
that end|of the case, so that two or more networks may be assembled with skort le ] Is to the
socket tq be used for attachment of the equipment under test.

Radio interference
measuring apparatus

- Q&\O, _

4
t

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
the circuit of figure 4 but without the isolation section L2, C2, and R2. The attenuation is
determined as that between the supply mains terminal and the radio disturbance measuring
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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A2 ’/ //
Attenuation MHz //V §\
A (E \
20
/ “\5
|/ ESIA
/ il
10 // ( C\)
Q S~
N
< N
WD
2,009 0,004 0.1 04 1 10 f

Frequency MHz
1=Zgen Rgen =500

2- den |Zin AMN|

Figure A.5 — Attenuation of an artificial mains network filter

IEC 1316/99

€00¢:031 © ¢-1-91 ddSIO
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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
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.

RF

Network 50 Q =)
analyzer \l/
Output Input V-network
1 1 10 dB
| ! x
|
AT
>—N ) ains port
Adaptor
/T\ EUT po G &
10\}5\

IEC 834/99

N
Figure A.6 Test set{up.for

S

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

ization of the network analyzer

\ X 30 Q V-network
Q& i
,,,,,,,,,,,, N L
Nl ?- L1 J
| >—N Mains port
Adaptor -ﬁ
T EUT port
10 dB
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

Each li

For a1

and load impedances for accurate measurements.

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

50 Q V-network the voltage division between the EUT port a

port, i.¢. 150 Q/50 Q, must be taken into consideration.

@%
o

e

S

is.

e

uring

pceiver
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Annex B
(informative)

Construction, frequency range, and calibration

of current probes
(clause 5)

Physical and electrical considerations for current probes

The ph
measu
frequer

within

cations|
second
functio

ysical size of the current probe is a function of the maxi
ed, the maximum power current flowing in the cable,
cies to be measured.

electrogtatic pick-up. The shield has a gap to preve

transfofmer.

Typical use-seven to eight secondary
This n \re a maximized flat frequency
and an|i es below 100 kHz laminated
steel cpres are used. Ferrite 00 kHz to 400 MHz and air co
used Hetween 200 MHz o atanced coil to unbalanced 50 Q
transfofmer. Figure B.1s i ion of/a typical current probe.

The cdrrent pr g as\g/pick-up device for disturbance measure
Therefgre, it is de&signes f e disturbance current to a voltage which

detectq af iti f"the current probe may be expressed conveni
terms ¢ ansfey/ impedance is defined as the ratio of secondary
(gener tive load) to the primary current. The transfer admitt

someti

Overall
receive
receive
microv

current probe and disturbance receiver is also a function
um detectable disturbance current in a conductor is the
) to current probe transfer impedance (Q). For instance, if

to be
signal

placed
specifi-
r. The
hmp-on
brevent
on the

turns.
range
silicon
res are
output

ments.
can be

iently in

voltage
hnce is

of the
atio of
a one

DIt (1-uV) receiver and a current probe with a transfer impedance of 10 Q ar

then th

used,

P minimum measurable disturbance currentis 0 1 pnA 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

possibl

e.

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 1pV
or 1 pA (Z7 in terms of decibels above 1 Q is taken as 20 log Z7).


https://iecnorm.com/api/?name=c7dbd21744fc7276db247ee18da927b9

CISPR 16-1-2 © IEC:2003

Covdrs

for ¢

- 73 -

BNC connector

arity

Shielding case

Section AA
8 warps each side

IEC 1317

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 = oM 73
[(L/RL)2 + (@2LC - 1)2]
Mid-frequency case: Zt = MR /L when (02LC = 1)
Low frdquency case: Zt = oM 73
[(@L/RLZ + 1]
where
Zt i3 the transfer impedance;

<

ig§ the mutual inductance between primary and secondé

~

ig the inductance of secondary winding;

R, ig theload impedance of secondary (usually 50
C ig the distributed capacitance of secondar
® ig the angular frequency in radid

The following conclusions result from thes

1) The for a constant load impeddnce, is
dirgctly proportional tg"the ra ductance to secondary inductance (R| being
constant).

2) Thdg high-frequeng g i when the reactance of the sedqondary

The current i i ondary
|mpedance i he \pri - indi , ically the
insertig d load

current
source
current

the primary current flow. However, if the sum of the circuit
3 is less than the insertion impedance, the application of the
ay,alter the~primary current considerably.

probe

One intended current probe application is the measurement of disturbance current on primary
power 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.
Therefore, the magnetic circuit shall be designed so that it will not 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

} O Coaxial connector
3

f
|

X I C =Cy=0864puF
|

! L, , L,=08mH

) |

1 |

' |

) |

1 |

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

B.4

Figure Q ith flat
passbands of: a) 100 kHz to 100 MHz; b) 30 MHz to Z; an MHz.

B.5

A currg i brass, etc.) shielding sfructure
may bg \ mode)
disturb ture of
this method is a modified/F \ urpose
of the P i { output
of the ¢

B.5.1

The se e B.4a.

The co

I4 cur
I cur
Ic asy

Ip syn

NOTE The‘phase angle between /; and I, 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:

I4=1Ic+Ip
I =1c-1Ip
21c =11+ 1

Ib=11-1
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IEC 1319/99

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

network

EUT

Mains )
network

Thus 4
output
yield a
value d
the asy

B.5.2

The ad

probe Wwith a cenife

are scdled ac

IEC 1320/99

O
@l

IEC 1321/99

metrical mode and

o that /1 and /, would add gjves an
subtraction of the currentd would

t. A 6 dB correction of the mgasured

tion for

figure B.5. The dimensions shown are for a [current

eter. For other sizes of current probes the dimgnsions

"1\ 2holes
31,8 38,1 31,8 @40
>t > > <> 2 places
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)


https://iecnorm.com/api/?name=c7dbd21744fc7276db247ee18da927b9

CISPR 16-1-2 © IEC:2003 - 83 -

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 so that
the gap inthe hmleing is not shorted

B.5.3 High-pass filter

A hightpass filter, if needed, is inserted between the output of tk
measufing 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. N pla a coaxial line the outer
condugtor of which encloses the curre 3 i onductor passes throdyigh the
probe aperture (see figure B.8).

The equivalent calibration CIrCUIt is shqwn . hen the coaxial line is well matched
the cufrent /p through thé of the
voltagg V1 on the line. Th i 2 i of the probe should be taken into gccount

in the design of the j

probe is V5 the trTs

xial line. If the voltage output of the fcurrent
alculated using the following formula:

Vo is

the fac

The trapsféradmittance k is used to calculate the value of the measured current /p by the formula:
Ip=Vo+k

where

Ip is in dB(uA), and
V5 is in dB(pV)

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.

[ ]

Vzl 50 Q

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

N

I
< k\\\

< %
&K\ > R .
AN

CEI-IEC 928/93

4]
—
o
54
o

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


https://iecnorm.com/api/?name=c7dbd21744fc7276db247ee18da927b9

CISPR

Return
probe i

16-1-2 © IEC:2003 - 87—

Return loss dB

10
20 /
30 /
‘0 N/

50 7 N

, AN Qw

1 10 10 1600
eqiegnc
Ec 132p/99

Figure B.8a — Retu

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

50 Q and with the [current

CEI-IEC 9303

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 cirpuit diagram and construction are similar to the type A unit sho except

that the inductance value is 280 pH.

Constriiction of the 280 yH inductor:

Core: two ferrite rings, material 4C6 or equivale X : dimensions
36 mm outer diameter, 23 mm inner diamete

Winding: 34, wire diameter

puter diameter

C.2 [Coupling unit type M, for

The cirgpuit diagram and construction are-similax to pe M unit shown in figure C.2,|except

that the two inductors are 560 yH eac ‘ and C2 = 0,47 uF.

Core:

Windin

inner diameter, 30 mm thick.

of r wire, 1,5 mm outer diameter.

equivalent, placed together, dimg¢nsions
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cC

is the metallic case 145 mm x 70 mm x 0 mm
(parts 5 placed on the ground plane P1)

is the front plate (insulating material)

is the supporting plate for chokes (insulating material)

is a coaxial connector, BNC, 50 Q
is the group jack

is a coaxial connector, BNC

is a ferrite ring type 4C6, & 36 mm, 15 im, with 14 tur

of coaxial cable

is a coaxial cable, outer & 2,4 m

S¢

Figure C.1 — Example of coupling unit A, for coaxial input

145 mm To interference source 8
il -
w
e l l § 2
- ‘ 3! M T X7 5
s \ . } ; =
35 —t=mm———- += S
g 3) TN g
«© = 7 [
i.é / 13 O p 7% %
X 8 ' L g
= ™ / °
IS 10 =
'9 14 10

9| Q 30 pH 6
g . .
Y 5
Q A
Equipment
\. under test
e —— —— — — — — _1
Wanted signal /Q
—=-E Dt (5) Antenna
w 100 Q
r
l é
Interference source [

€00¢:031 ® ¢-1-91 ¥dSIO
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To interference source lr
8 145 mm .8
| 1 I
_______ L4 A R o
(- 413 l 7\ 4 ! ! T
' @ | [ S = ] -
— @
=== t = = - ©
1% ! 5 | a o
b @ 12 +— @ / 1 \ g 5
| —1| £ =l d %W 2
5] 2
] 1 ~ 1 2
o : i S 2 : \ =
[} ] o |l - -t - A 11 13
- ™ ' ' s
! | / =t 5
L4 16 T ®
D K / 10 nF e
IR C 60 pH
7 6 _.E oo H 7 6
_ Y
5

11 is the mains socket for equipment undqr test (two insulate a

. . Q C1 =10 nkE M Equipment
Parts 4 to 9: see unit type A %Eg C2 = 47 vk \L under test

jacks)

12 is the mains plug (2P + ground) -

15 are two ferrite rings type 4C6, & 36 mm x 23 mm x 1 =
with 20 turns each ‘2“

16 is a 0.8 mm copper wire insulated. outef @& 0.8 mm

Interference source

IEC 1331/99

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

€00¢:031 ® ¢-1-91 ¥dSIO
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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 C71 =47 nF and C2 = 0,22 uF.

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.

’ PR ‘ . EPR— 4
NOTE P ITdTAULICTISUILS UT TIayricliC IeTTine 1ypec 500,

Relative [initial permeability ; =120
Loss facjor tand/y; < 40 at 2 MHz, < 100 at 10 MHz
Resistivify P = 10 kQm

To interference source

SAN,

To loudspeaker

17 7o equipment under test

| 2

one ferrite ring, type 4C6,

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

Mounting of the inductances: see unit type M

C1 =10nF
2 =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

AN

w

Audio pignals 19 =
input or joutput

To equipment under test

IEC [1333/99

reeened twisted pair:
eter of cable insulation 2,8 mm
nce: see unit type A

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

C.5 [Coupling type Sw, for audio, video, and control signals

The circull diagram and construction are similar 1o the type sw unit shown in figure C.5,
except with two 560 pH 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 of 0,3 mm diameter.
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Wanted signals
input and/or output

To interference source

| | & R
4 /
7 Y,
74, /
/
@.@ 00 O / '4
0 / 2
60 uH = 2
s
w {
AARNY ¢ AR
ANANN /*:—H—A. 22 ~ ANNN
RSN oS4 Do 21
21 > < ANRRN
NN e NN\
oy 60 pH
A\ [
6

9_ET

Figur

6-mMm x & 23 mm x 15 mm

turns with a three-lead cable

wo 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)

Ei—3=—

To equipment under test

IEC 1334/99

p C.5 — Example of coupling unit type Sw, for audio, video and control signals

Schematic diagram and simplified construction drawing (see D.2)

€00¢:031 © ¢-1-91 ddSIO
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Annex D
(informative)

Principle of operation and examples of coupling units for

conducted current immunity measurements
(clause 6)

Principle of operation

The pr
imped3
(wante
if the a
interna
on to th

D.2

The fol

Type Al

Type M:

Type L

Type S

nciple of operation is illustrated in figure D.1. The inducta

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

Types of unit and their construction

sed oaxial leads carrying
¢ he construction details are sh
figure C.1. The 100\Q r

esistar; (to Waake up the 150 Q source imp
exsignal source) is bonded to the shield

fnthe u

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

e designed for use with audio, video and other auxiliary lead
ulti-pin units which have to be adapted to a variety of pin numb

a high
baratus
b circuit

quired)

wanted
own in
cdance
of the

own in

like an
ipment
psistive

ils are
ranged

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 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 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

impedance could be used for this purpose.

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 RH choke coils shown in figures C.1 to D.2 have inductance values 30 uH

paralle| and are satisfactory for the frequency range 1,5 MHz to 150 . Fort
range D,15 MHz to 30 MHz, the inductance values are 280 pH o
respectively. Annex C describes their construction.

Precautions have to be taken in the layout in order to keep par
termingls of the units as low as possible. It should be noted

are to|be carefully connected to the ground plane usifg larg 2t opper br

unpainfed cases.

S

2 x6
fre

D uH in
guency
pbarallel

output
e units
id and
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