BRITISH STANDARD BS CISPR
16-1:1998
CISPR 16-1:
1998

Specification for radio

disturbance and

immunity measuring

apparatus and

methods —

Part 1: Radio disturbance and immunity

measuring apparatus
e @
LAY S =
L. Y 1

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW
Y\ W

Document Sharing Hub

Full document details: BS CISPR 16-1:1998


http://www.avadocuments.com/doc/bs-cispr-16-1-1998
http://www.avadocuments.com/doc/bs-cispr-16-1-1998

BS CISPR 16-1:1998

National foreword

This British Standard reproduces verbatim CISPR 16-1:1998 and implements
it as the UK national standard.

NOTE CISPR 16-1:1998 is based on the first edition of CISPR 16-1:1993, and its

amendment 1 (1997) and bears the edition number 1.1

BS 727:1993 which is related to CISPR 16:1997 is not being withdrawn as it is
referred to in Statutory Instruments which H M Government does not propose
to amend at this time.

The UK participation in its preparation was entrusted by Technical Committee
GEL/210, Electromagnetic compatibility, to Subcommittee GEL/210/1,
Measuring equipment and techniques, which has the responsibility to:

— aid enquirers to understand the text;

— present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep the UK
interests informed;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this subcommittee can be obtained on
request to its secretary.

Cross-references

The British Standards which implement international or European
publications referred to in this document may be found in the BSI Standards
Catalogue under the section entitled “International Standards Correspondence
Index”, or by using the “Find” facility of the BSI Standards Electronic
Catalogue.

A British Standard does not purport to include all the necessary provisions of
a contract. Users of British Standards are responsible for their correct
application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages i and 11,
the CISPR title page, pages ii to vi, pages 1 to 123 and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on
the inside front cover.

Amendments issued since publication
This British Standard, having
been prepared under the
direction of the Electrotechnical Amd. No. Date Comments
Sector Committee, was
published under the authority
of the Standards Committee
and comes into effect on
15 December 1998
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1 General

1.1 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, currents and fields in the frequency
range 9 kHz to 18 GHz. In addition, requirements are specified for specialized equipment for discontinuous
disturbance measurements. The requirements include the measurement of broadband and narrowband
types of radio disturbance.
The receiver types covered include the following:

a) the quasi-peak measuring receiver,

b) the peak measuring receiver,

¢) the average measuring receiver,

d) the r.m.s. measuring receiver.
In addition there are specifications for spectrum analyzers, scanning receivers and audio-frequency
voltmeters. Specifications for ancillary apparatus are included for: artificial mains networks, current and
voltage probes, absorbing clamp, antenna and test site, coupling units for current injection on cables, TEM
cells, and reverberating chamber.

The requirements of this publication shall be complied with at all frequencies and for all levels of radio
disturbance voltages, currents, power or field strengths within the CISPR indicating range of the measuring
equipment.

Methods of measurement are covered in Part 2, and further information on radio disturbance is given in
Part 3 of CISPR 16.

1.2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this part of CISPR 16. At the time of publication, the editions indicated were valid. All
normative documents are subject to revision, and parties to agreements based on this part of CISPR 16 are
encouraged to investigate the possibility of applying the most recent editions of the normative documents
indicated below. Members of IEC and ISO maintain registers of currently valid International Standards.

CISPR 16-2, Specification for radio disturbance and immunity measuring apparatus and methods.
Part 2: Methods of disturbance and immunity measurements (to be published).

CISPR 16-3, Specification for radio disturbance and immunity measuring apparatus and methods.
Part 3 (under consideration).

TEC 60050 (161):1990, International Electrotechnical Vocabulary (IEV), Chapter 161: Electromagnetic
compatibility.

TEC 60315-3:1989, Methods of measurement or radio receivers for various classes of emissions,

Part 3: Receivers for amplitude-modulated sound-broadcasting emissions.

IEC 60315-4:1982, Methods of measurement or radio receivers for various classes of emissions,
Part 4: Radio-frequency measurements on receivers for frequency modulated sound-broadcasting emissions.

CCIR 468-4:1990, Measurement of audio-frequency noise voltage level in sound broadcasting.

CCITT Recommendation P. 53 of Blue Book (1989), Volume V — Psophometers (apparatus for the objective
measurement of circuit noise.

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

1.3.1
bandwidth (B,)

the width of the overall selectivity curve of the receiver between two points at a stated attenuation, below
the midband response. The bandwidth is represented by the symbol B,, where n is the stated attenuation
in decibels
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1.3.2
impulse bandwidth (Bjn,;,)
Bimp = A max/(2 G, X IS)
where
A()pmax  1s the peak of the envelope at the IF output of the receiver with an impulse area IS applied at the receiver input;
G, is the gain of the circuit at the centre frequency.
specifically for two critically-coupled tuned transformers,
Bimp =1,056x% BG =1,31x BS
where
Bg and Bg are respectively the bandwidths at the — 6 dB and — 3 dB points (see clause A.2 in Annex A for further information)
1.3.3
impulse area (IS)

the impulse area (sometimes called impulse strength, IS) is the voltage-time area of a pulse defined by the
integral:

+o00
IS = J.V(t) dt (expressed in uVs or dB(uVs))

NOTE Spectral density (D) is related to impulse area and expressed in uV/MHz or dB(uV/MHz). For rectangular impulses of pulse
duration 7 at frequencies f << 1/7, the relationship D(u/MHz) = 2 x 10818 (uVs) applies.

1.34
electrical charge time constant (7,)

the time needed after the instantaneous application of a constant sine-wave voltage to the stage
immediately preceding the input of the detector for the output voltage of the detector to reach 63 % of its
final value

NOTE This time constant is determined as follows: A sine-wave signal of constant amplitude and having a frequency equal to the
mid-band frequency of the i.f. amplifier is applied to the input of the stage immediately preceding the detector. The indication, D, of
an instrument having no inertia (e.g., a cathode-ray oscilloscope) connected to a terminal in the d.c. amplifier circuit so as not to affect
the behaviour of the detector, is noted. The level of the signal is chosen such that the response of the stages concerned remains within
the linear operating range. A sine-wave signal of this level, applied for a limited time only and having a wave train of rectangular
envelope is gated such that the deflection registered is 0,63D. The duration of this signal is equal to the charge time of the detector.
1.3.5

electrical discharge time constant (7p)

the time needed after the instantaneous removal of a constant sine-wave voltage applied to the stage
immediately preceding the input of the detector for the output of the detector to fall to 37 % of its initial
value

NOTE The method of measurement is analogous to that for the charge time constant, but instead of a signal being applied for a
limited time, the signal is interrupted for a definite time. The time taken for the deflection to fall to 0,37D is the discharge time
constant of the detector.

1.3.6

mechanical time constant (7) of a critically damped indicating instrument
TM = TL/2 s

where

T, is the period of free oscillation of the instrument with all damping removed.

NOTE 1 For a critically damped instrument, the equation of motion of the system may be written as:

Ty (A%o/de?) + 2 Ty (dovdt) + o = ki
where

o is the deflection;

i 1is the current through the instrument;

k  is a constant.
It can be deduced from this relation that this time constant is also equal to the duration of a rectangular pulse (of constant amplitude)
that produces a deflection equal to 35 % of the steady deflection produced by a continuous current having the same amplitude as that
of the rectangular pulse.
NOTE 2 The methods of measurement and adjustment are deduced from one of the following:

a) The period of free oscillation having been adjusted to 2 7T, damping is added so that aT'= 0,350, .

b) When the period of oscillation cannot be measured, the damping is adjusted to be just below critical such that the overswing is
not greater than 5 % and the moment of inertia of the movement is such that a7'= 0,35 O x-
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1.3.7
overload factor

the ratio of the level that corresponds to the range of practical linear function of a circuit (or a group of
circuits) to the level that corresponds to full-scale deflection of the indicating instrument

the maximum level at which the steady-state response of a circuit (or group of circuits) does not depart by
more than 1 dB from ideal linearity defines the range of practical linear function of the circuit (or group of
circuits)

1.3.8

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 symmetric voltage is the vector difference

(Va - Vb)

1.3.9

asymmetric voltage

the asymmetric voltage is the radio-frequency disturbance voltage appearing between the electrical
mid-point of the mains terminals and earth. It is sometimes called the common mode voltage and is half
the vector sum of Va and Vb, i.e., (Va + Vb)/2

1.3.10
unsymmetric voltage

the amplitude of the vector voltage, Va or Vb defined in 1.3.8 and 1.3.9. This is the voltage measured by
the use of an artificial mains V-network

1.3.11
CISPR indicating range

1t 1s the range specified by the manufacturer which gives the maximum and the minimum meter
indications within which the receiver meets the requirements of this part of CISPR 16

Section 1. Measuring apparatus

2 Quasi-peak measuring receivers for the frequency range 9 kHz to 1 000 MHz

The receiver specification depends on the frequency of operation. There is one receiver specification
covering the frequency range 9 kHz to 150 kHz (band A), one covering 150 kHz to 30 MHz (band B), one
covering 30 MHz to 300 MHz (band C), and one covering 300 MHz to 1 000 MHz (band D).

2.1 Input impedance

The input circuit of measuring receivers shall be unbalanced. For receiver control settings within the
CISPR indicating range, the input impedance shall be nominally 50 Q) with a v.s.w.r. not to exceed 2,0 to 1
when the RF attenuation is 0 and 1,2 to 1 when the RF attenuation is 10 dB or greater.

Symmetric input impedance in the frequency range 9 kHz to 30 MHz: to permit symmetrical
measurements a balanced input transformer is used. The preferred input impedance for the frequency
range 9 kHz to 150 kHz is 600 Q. This symmetric input impedance may be incorporated either in the
relevant symmetrical artificial network necessary to couple to the receiver or optionally in the measuring
receiver.
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2.2 Fundamental characteristics

The responses to pulses as specified in 2.4 are calculated on the basis of the measuring receivers having
the following fundamental characteristics:

Table 1 — Fundamental characteristics of quasi-peak receivers

Frequency band
Characteristics Band A Band B Bands C and D
9 kHz to 150 kHz 0,15 MHz to 30 MHz 30 MHz to 1 000 MHz
Bandwidth at the — 6 dB points, 0,22 9 120
Bg in kHz
Detector electrical charge time 45 1 1
constant, in ms
Detector electrical discharge time |500 160 550
constant, in ms
Mechanical time constant of 160 160 100
critically damped indicating
Instrument, in ms
Overload factor of circuits preceding | 24 30 43,5
the detector, in dB
Overload factor of the d.c. amplifier 6 12 6
between detector and indicating
Iinstrument, in dB
NOTE 1 The definition of mechanical time constant (see 1.3.6) assumes that the indicating instrument is linear, i.e., equal
increments of current produce equal increments of deflection. An indicating instrument having a different relation between current
and deflection may be used provided that the instrument satisfies the requirements of this subclause. In an electronic instrument,
the mechanical time-constant may be simulated by a circuit.
NOTE 2 No tolerance is given for the electrical and mechanical time constants. The actual values used in a specific receiver will
be determined by the design to meet the requirements in 2.4.

2.3 Sine-wave voltage accuracy

The accuracy of measurement of sine-wave voltages shall be better than + 2 dB when supplied with a
sine-wave signal at 50 Q) resistance source impedance.

2.4 Response to pulses

NOTE Annex B and Annex C describe methods for determining the output characteristics of a pulse generator for use in testing the
requirements of this subclause.

2.4.1 Amplitude relationship (absolute calibration)

The response of the measuring receiver to pulses of impulse area of a) UVs (microvolt second) e.m.f. at 50 Q
source impedance, having a uniform spectrum up to at least b) MHz, repeated at a frequency of ¢) Hz shall,
for all frequencies of tuning, be equal to the response to an unmodulated sine-wave signal at the tuned
frequency having an e.m.f. of r.m.s. value 2 mV [66 dB(uV)]. The source impedances of the pulse generator
and the signal generator shall both be the same. A tolerance of = 1,5 dB shall be permitted on the sine-wave
voltage level.

NOTE A lower impulse area may be used together with a proportionally lower amplitude for the unmodulated sinewave input,
provided sufficient signal-to-noise ratio is maintained.

Table 2 — Test pulse characteristics for quasi-peak
measuring receivers

4
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Frequency range a) uVs b) MHz c) Hz
9 kHz to 150 kHz 13,5 0,15 25
0,15 MHz to 30 MHz 0,316 30 100
30 MHz to 300 MHz 0,044 300 100
300 MHz to 1 000 MHz 0,044 1 000 100
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2.4.2 Variation with repetition frequency (relative calibration)

The response of the measuring receiver to repeated pulses shall be such that for a constant indication on
the measuring receiver, the relationship between amplitude and repetition frequency is in accordance with
Figure 1a, Figure 1b or Figure 1c.

The response curve for a particular measuring receiver shall lie between the limits defined in the
appropriate figure and quantified in Table 3.

Table 3 — Pulse response of quasi-peak receivers

Repetition Relative equivalent level in dB of pulse for stated band
frequency Band A Band B Band C Band D
Hz 9 kHz to 150 kHz 0,15 MHz to 30 MHz 30 MHz to 300 MHz 300 MHz to 1 000 MHz
1 000 Note 4 —4,5+1,0 -8,0+1,0 -8,0+£1,0
100 -4,0+1,0 0 (ref.) 0 (ref.) 0 (ref.)
60 -0,3+1,0 — — —
25 0 (ref.) — — —
20 — +6,56+1,0 +9,0+1,0 +9,0+1,0
10 +4,0+1,0 +10,0+ 1,5 +14,0+1,5 +14,0+1,5
5 +7,5+1,0 — — —
2 +13,0+2,0 +20,56+2,0 + 26,0+ 2,0 +26,0 + 2’0*
1 +17,0+2,0 +22,56+20 +28,56+2,0 +285+ 2,0*
Isolated pulse +19,0+2,0 +23,6+£2,0 +31,6+£2,0 +31,5+ 2’0*

NOTE 1 The influence of the receiver characteristics upon its pulse response is considered in Annex D.

NOTE 2 The relationships between the pulse responses of a quasi-peak receiver and receivers with other detector types are
given in 3.4, 4.4.1, and 5.4.1.

NOTE 3 The theoretical pulse response curves of quasi-peak and average detector receivers combined on an absolute scale are
shown in Figure 1d. The ordinate of Figure 1d shows the open-circuit impulse areas in dB(uVs) corresponding to the open-circuit
sine-wave voltage of 66 dB(uV) r.m.s. The indication on a measuring receiver with an input matched to the calibrating
generators will then be 60 dB(uV). Where the measuring bandwidth is less than the pulse repetition frequency, the curves of
Figure 1d are valid when the receiver is tuned to a discrete line of the spectrum.

NOTE 4 It is not possible to specify a response above 100 Hz in the frequency range 9 kHz to 150 kHz because of the
overlapping of pulses in the i.f. amplifier.

NOTE 5 Annex A deals with the determination of the curve of response to repeated pulses.

NOTE 6 The pulse response is restricted due to overload at the input to the receiver at frequencies above 300 MHz. The
values marked with an asterisk (*) in the table are optional and are not essential.

2.5 Selectivity
2.5.1 Overall selectivity (passband)

The curve representing the overall selectivity of the measuring receiver shall lie within the limits shown
in Figure 2a, Figure 2b or Figure 2c.

Selectivity shall be described by the variation with frequency of the amplitude of the input sine-wave
voltage that produces a constant indication on the measuring receiver.

2.5.2 Intermediate frequency rejection ratio

The ratio of the input sine-wave voltage at the intermediate frequency to that at the tuned frequency that
produces the same indication of the measuring receiver shall be not less than 40 dB. Where more than one
intermediate frequency is used, this requirement shall be met at each intermediate frequency.

2.5.3 Image frequency rejection ratio

The ratio of the input sine-wave voltage at the image frequency to that at the tuned frequency that
produces the same indication on the measuring receiver shall be not less than 40 dB. Where more than one
intermediate frequency is used, this requirement shall be met at the image frequencies corresponding to
each intermediate frequency.
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2.5.4 Other spurious responses

The ratio of the input sine-wave voltage at frequencies other than those specified in 2.5.2 and 2.5.3 to that
at the tuned frequency that produces the same indication on the measuring receiver shall be not less
than 40 dB. Examples of the frequencies from which such spurious responses may occur are as follows:

(1/m) (nfy, £ f) and (1/E) (f,)

where
m, n, k are integers;

L, is the local oscillator frequency;
fi is the intermediate frequency;
fo is the tuned frequency.

NOTE Where more than one intermediate frequency is used, the frequencies f1, and f; may refer to each of the local oscillator and
intermediate frequencies used. In addition, spurious responses may occur when no input signal is applied to the measuring receiver;
for example, when harmonics of the local oscillators differ in frequency by one of the intermediate frequencies. The requirements
under this heading therefore cannot apply in these latter cases. The effect of these spurious responses is dealt with in 2.7.2.

2.6 Limitation of intermodulation effects

The response of the measuring receiver shall not be influenced by intermodulation effects when tested as
follows.

Arrange the apparatus as shown in Figure 3. The pulse generator has a spectrum substantially uniform up
to frequency 3) but at least 10 dB down at frequency 4) of the frequencies given in Table 4. The band-stop
filter has an attenuation at the test frequency of at least 40 dB. Its bandwidth, Bg, relative to the maximum
attenuation of the filter shall lie between the frequencies 1) and 2) given in Table 4.

Table 4 — Bandwidth characteristics for inter-modulation test of
quasi-peak measuring receivers

Frequency range 1) kHz 2) kHz 3) MHz 4) MHz
9 kHz to 150 kHz (band A) 0,4 4 0,15 0,3
0,15 MHz to 30 MHz (band B) 20 200 30 60
30 MHz to 300 MHz (band C) 500 2 000 300 600
300 MHz to 1 000 MHz (band D) 500 6 000 1 000 2000

Connect the sine-wave generator output direct to the measuring receiver input and adjust for a convenient
reading. Substitute the pulse generator for the sine-wave generator and adjust for same reading. The pulse
repetition frequency shall be 25 Hz for band A and 100 Hz for the other bands.

With the pulse generator connected as described above, switching the filter into circuit shall introduce
attenuation of not less than 36 dB.

2.7 Limitation of receiver noise and internally generated spurious signals
2.7.1 Random noise

The background noise shall not introduce an error in excess of 1 dB.

NOTE For a measuring apparatus incorporating attenuation in the intermediate frequency amplifier, this condition will be
regarded as being satisfied if the apparatus complies with the following test:

A sine-wave signal is applied to the input of the measuring apparatus and adjusted to a value Sy, such that the output meter shows
a reference deflection 0. An attenuation of 10 dB is introduced in the intermediate-frequency stages. The level of the input signal is
increased to Sy so as to restore the output meter to the deflection 0. The increase of the level of the input signal (Sg — S;) shall be
between 10 dB and 11 dB.

2.7.2 Continuous wave

Where more than one intermediate frequency is used, the existence of spurious responses as described in
the note to 2.5.4 shall not introduce a measurement error in excess of 1 dB for any signal input to the
measuring receiver. For a measuring receiver incorporating attenuation in the i1.f. amplifier, this
requirement shall be regarded as satisfied if the receiver complies with 2.7.1 when tested as described
in 2.7.1, except that the attenuation in the intermediate stages shall be introduced after the last mixer
stage.
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2.8 Screening effectiveness

Screening effectiveness is a measure of the ability of the measuring receiver to operate in an
electromagnetic field without degradation. The requirement applies to receivers operating within the
“CISPR indication range” specified by the manufacturer as described in 1.3.11.

The screening of the receiver shall be such that when it is immersed in an ambient electromagnetic field
of 3 V/m (unmodulated) at any frequency in the range 9 kHz to 1 000 MHz, an error of not greater

than 1 dB is produced at the maximum and minimum of the CISPR indicating range as specified by the
manufacturer of the receiver. In cases where a measuring receiver is not immune to the requirement

of 3 V/m, the field strength and frequency at which the error exceeds 1 dB shall be stated by the
manufacturer. The test shall be performed as described below.

The receiver is placed inside a screened enclosure. An input signal is applied to the receiver via a 2 m long
well-screened cable (e.g. semi-rigid), through a feedthrough in the enclosure wall, to a signal generator
placed outside the enclosure. The level of the input signal shall be at the maximum and the minimum of
the CISPR indication range as specified by the manufacturer of the receiver. All other coaxial terminals of
the receiver shall be terminated in their characteristic impedance.

Only essential leads (e.g. mains and input cables) for the normal use of the measuring receiver in its
minimum configuration (excluding options such as headphones) shall be connected during the test. The
leads shall have the lengths and be arranged as in typical use.

The strength of the ambient field in the vicinity of the measuring receiver shall be measured by a field
strength monitor.

The receiver meter indication in the presence of the ambient electromagnetic field shall differ by not more
than 1 dB from the meter indication when the field is absent.

2.8.1 Limitation of radio-frequency emissions from the measuring receiver
2.8.1.1 Conducted emissions

The radio disturbance voltage at any connecting pin of external lines (not only the mains terminals) shall
not exceed the limits for class B equipment given in 5.1 of CISPR 11Y. The measurement of the radio
disturbance voltage is however not required on the inner conductors of screened connections to screened
equipment. The local oscillator injection power at the measuring receiver input terminated with its
characteristic impedance shall not exceed 34 dB(pW) which is equivalent to 50 UV across 50 Q.

2.8.1.2 Radiated emissions

The radio disturbance field strength emitted by the measuring receiver shall not exceed the limits for class
B equipment given in 5.2 of CISPR 11Y, for the frequency range of 9 kHz to 1 000 MHz. The limits shall
also apply for frequency bands (ISM frequencies) listed in Table 1 of the same publication. In the frequency
range of 1 GHz to 18 GHz, a limit of 45 dB(pW) shall apply.

Before performing radiated and conducted emission measurements, it is essential that the noise
contributions of the test equipment do not affect the measured results (e.g. computer control).

2.9 Facilities for connection to a discontinuous disturbance analyzer

For all bands the disturbance measuring receiver shall have both an intermediate-frequency output and
an output from the quasi-peak detector for the measurement of discontinuous disturbance. The loading of
these outputs shall have no influence on the indicating instrument.

3 Peak measuring receivers for the frequency range 9 kHz to 1 000 MHz

This clause specifies requirements for measuring receivers employing a peak detector when used for the
measurement of impulsive disturbance.

3.1 Input impedance

The input circuit of measuring receivers shall be unbalanced. For receiver control settings within the
CISPR indicating range, the input impedance shall be nominally 50 QQ with a VSWR not to exceed 2,0 to 1
when the RF attenuation is 0 and 1,2 to 1 when the RF attenuation is 10 dB or greater.

D CISPR 11:1990, Limits and methods of measurement of electromagnetic disturbance characteristics of industrial, scientific and

media (ISN) radio-frequency equipment. D
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Symmetric input impedance in the frequency range 9 kHZ to 30 MHz: To permit symmetrical
measurements a balanced input transformer is used. The preferred input impedance is 600 Q for the
frequency range 9 kHz to 150 kHz. This symmetric input impedance may be incorporated either in the
relevant symmetrical artificial network necessary to couple to the receiver or optionally in the measuring
receiver.

3.2 Fundamental characteristics
3.2.1 Bandwidth

For all types of broadband disturbance except non-overlapping disturbance, the actual value of the
bandwidth shall be stated when the disturbance level is quoted and the bandwidth at the 6 dB points shall
lie within the values in Table 5.

Table 5 — Bandwidth requirements

Frequency range Bandwidth Bg Preferred BW
9 kHz to 150 kHz (band A) 100 Hz to 300 Hz 200 Hz
0,15 MHz to 30 MHz (band B) 8 kHz to 10 kHz 9 kHz
30 MHz to 300 MHz (bands C and D) |100 kHz to 500 kHz 120 kHz

NOTE Since the response of a peak measuring receiver to non-overlapping pulses is proportional to its
impulse bandwidth, either the actual bandwidth is quoted in the result or the level may be quoted as that “in
a 1 MHz bandwidth” calculated by dividing the measured value by the impulse bandwidth in MHz (see 1.3.2).
For other types of broadband disturbance this procedure would introduce an error.

3.2.2 Charge and discharge time constants ratio
In order to achieve a meter reading within 10 % of the true value of the peak at a repetition rate of 1 Hz,
the discharge time constant to charge time constant ratio shall be not less than the values given below.
a) 1,89 x 10* in the frequency range 9 kHz to 150 kHz;
b) 1,25 x 10 in the frequency range 150 kHz to 30 MHz;
¢) 1,67 x 107 in the frequency range 30 MHz to 1 000 MHz.

If a peak-hold facility is incorporated, the hold time shall be capable of being set to values between 30 ms
and 3 s.

NOTE Care should be taken to ensure that any recording instrument used is capable of full response within the selected hold time.
3.2.3 Overload factor

For peak measuring receivers, the overload factor need not be so great as for other types of measuring
receiver. For most direct-reading detectors, the overload factor need be only a little greater than unity. The
overload factor shall be adequate for the time-constants used (see 3.2.2).

3.3 Sine-wave voltage accuracy

The accuracy of measurement of sine-wave voltages shall be better than + 2 dB when supplied with a
sine-wave signal at a 50 () resistive source impedance.

3.4 Response to pulses

The response of the measuring receiver to pulses of impulse area 1,4/B;,,, mVs (where B;;,, 1s in hertz)
e.m.f. at 50 Q source impedance shall be equal to the response to an unmodulated sine-wave signal at the
tuned frequency having an e.m.f. of r.m.s. value 2 mV [66 dB(uV)]. The source impedances of the pulse
generator and the signal generator shall both be the same. The pulses shall have a uniform spectrum
according to Table 2 of 2.4.1.

A tolerance of = 1,5 dB is permitted in the sine-wave voltage level and this requirement applies for all pulse
repetition frequencies for which no overlapping pulses occur at the output of the 1.f. amplifier.

NOTE 1 Annex B and Annex C describe methods for determining the output characteristics of pulse generators for use in testing
the requirements of this subclause.

NOTE 2 At a repetition rate of 25 Hz for band A and 100 Hz for the other bands, the relationship between the indications of a peak
measuring receiver and a quasi-peak measuring receiver with the preferred bandwidth are given in Table 6.
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Table 6 — Relative pulse response of peak and quasi-peak measuring
receivers for the same bandwidth

Ratio peak/quasi-peak (dB) for pulse
Frequency IS Bimp repetition rate
mVs Hz 25 Hz 100 Hz
Band A 6,67 x 1073 0,21 x 10° 6,1 —
Band B 0,148 x 1073 9,45 x 103 — 6,6
Bands C and D 0,011 x 1073 126,0 x 103 — 12,0

3.5 Selectivity

Since the bandwidth requirements of 3.2.1 allow variations from the bandwidths given in Figure 2a,
Figure 2b and Figure 2¢, these selectivity curves apply to peak measuring receivers as regards shape only,
and the frequency axis shall be scaled accordingly. For example, Bg/2 corresponds to 100 Hz in Figure 2a.

The requirements of 2.5.2, 2.5.3 and 2.5.4 apply.
3.6 Inter-modulation effects, receiver noise, and screening

The requirements of 2.6, 2.7, and 2.8 apply.

4 Average measuring receivers for the frequency range 9 kHz to 1 000 MHz

This type of receiver has a detector designed to indicate the average value of the envelope of the signal
passed through the pre-detector stages. The average detector is used for the measurement of narrowband
signals to overcome problems associated with either modulation content or the presence of broadband
noise. Average measuring receivers are not generally used for the measurement of impulsive disturbance.

4.1 Input impedance

The input circuit of measuring receivers shall be unbalanced. For receiver control settings within the
CISPR indicating range, the input impedance shall be nominally 50 Q, with a VSWR not to exceed 2,0 to 1
when the RF attenuation is 0 and 1,2 to 1 when the RF attenuation is 10 dB or greater.

Symmetric input impedance in the frequency range 9 kHz to 150 kHz: To permit symmetrical
measurements a balanced input transformer is used. The preferred input impedance for the frequency
range 9 kHz to 150 kHz is 600 Q. This symmetric input impedance may be incorporated either in the
relevant symmetrical artificial network necessary to couple to the receiver or optionally in the measuring
receiver.

4.2 Fundamental characteristics
4.2.1 Bandwidth
The bandwidths Bg shall lie within the values in Table 7:
Table 7— Bandwidth requirements

Frequency range Bandwidth Bg Preferred BW
9 kHz to 150 kHz (band A) 100 Hz to 300 Hz 200 Hz
150 kHz to 30 MHz (band B) 8 kHz to 10 kHz 9 kHz
30 MHz to 1 000 MHz (bands C and D) | 100 kHz to 500 kHz 120 kHz

NOTE The subject of bandwidth is discussed in Annex E, clause E.1. If a bandwidth other than the preferred
one is used, it shall be stated when the disturbance level is quoted.

4.2.2 Overload factor

The overload factor for circuits preceding the detector at a pulse repetition rate of n Hz shall be B;, /n, with
Bimp In Hz.

NOTE With this type of receiver it will not, in general, be possible to provide a sufficient overload factor to prevent non-linear

operation of the receiver at very low pulse rates (the response to a single pulse is not defined). The receiver shall not overload for pulse
rates equal to or greater than 25 Hz for band A, 500 Hz for band B, and 5 000 Hz for bands C and D.
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4.3 Sine-wave voltage accuracy

The accuracy of measurement of sine-wave voltages shall be better than + 2 dB when supplied with a
sine-wave signal at 50 Q resistive source impedance.

4.4 Response to pulses

NOTE Annex B and Annex C describe methods for determining the output characteristics of pulse generators for use in testing the
requirements of this clause.

4.4.1 Amplitude relationship

The response of the measuring receiver to pulses of repetition rate n Hz and impulse area e.m.f. at 50 Q
source impedance equal to 1,4/n mVs, shall be equal to the response to an unmodulated sine-wave signal
at the tuned frequency having an e.m.f. of r.m.s. value 2 mV [66 dB(uV)]. The source impedances of the
pulse generator and the signal generator shall both be the same. The pulses shall have a uniform spectrum
according to Table 2 of 2.4.1. The value of n shall be 25 for band A, 500 for band B, and 5 000 for bands C
and D. A tolerance of + 1,5 dB 1s permitted on the sine-wave voltage level.

NOTE 1 A lower impulse area may be used together with a proportionally lower amplitude for the unmodulated sine-wave input,
provided sufficient signal-to-noise ratio is maintained.

NOTE 2 At repetition frequencies of 25, 100, 1 000 and 10 000 Hz, the relationship between the indications of an average and a

quasi-peak measuring receiver of the same bandwidth, assuming adequate overload factors and a constant output level, is given in
Table 8.

Table 8 — Relative pulse response of average and quasi-peak
measuring receivers for the same bandwidth

Ratio quasi-peak/averag.e‘indications (dB) for pulse
Frequency range of measuring receiver repetition rate
25 Hz 100 Hz 1 000 Hz 10 000 Hz
9 kHz to 150 kHz (band A) 12,4 4,5 — —
0,15 MHz to 30 MHz (band B) — 32,9 17,4 —
30 MHz to 1 000 MHz (bands C and D) |— 50,1 38,1 20,8

4.4.2 Variation with repetition frequency

The response of the measuring receiver to repeated pulses shall be such that, for a constant indication on
the measuring receiver, the relationship between amplitude and repetition frequency is in accordance with
the following law.

Amplitude proportional to (repetition frequency) ™!

A tolerance of + 3 dB to — 1 dB is permitted in the frequency range from the lowest repetition frequency
usable as determined from overload considerations to a frequency equal to Bs/2.

NOTE The theoretical pulse response curves of quasi-peak and average detector receivers, combined on an absolute scale, are shown
in Figure 1d.

4.5 Selectivity

For receivers with a bandwidth of 200 Hz (for frequency range 9 kHz to 150 kHz) or a bandwidth of 9 kHz
(for frequency range 0,15 MHz to 30 MHz) the overall selectivity shall be within the limits shown in
Figure 2a and Figure 2b, respectively. For receivers with a bandwidth of 120 kHz (for frequency

range 30 MHz to 1 000 MHz), the overall selectivity shall be within the limits shown in Figure 2c. For
receivers having other bandwidths, the Figure 2a, Figure 2b and Figure 2c¢ describe the shape only, and the
frequency axis shall be scaled accordingly.

The requirements of 2.5.2, 2.5.3 and 2.5.4 apply.
4.6 Inter-modulation effects, receiver noise, and screening

The requirements of 2.6, 2.7, and 2.8 apply.

5 RMS measuring receivers for the frequency range 9 kHz to 1 000 MHz

5.1 Input impedance

The input circuit of measuring receivers shall be unbalanced. For receiver control settings within the
CISPR indicating range, the input impedance shall be nominally 50 Q with a VSWR not to exceed 2,0 to 1
when the RF attenuation is nil and 1,2 to 1 when the RF attenuator is 10 dB or greater.
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Symmetric input impedance in the frequency range 9 kHz to 30 MHz: To permit symmetrical
measurements a balanced input transformer is used. The preferred input impedance for the frequency
range 9 kHz to 150 kHz is 600 Q. This symmetric input impedance may be incorporated either in the
relevant symmetrical artificial network necessary to couple to the receiver or optionally in the measuring
receiver.

5.2 Fundamental characteristics
5.2.1 Bandwidth

Since the response of an r.m.s. meter is proportional to the square root of the bandwidth for any type of
broadband disturbance, the actual bandwidth need not be specified. For such broadband disturbance, the
measurement result may be quoted as that “in 1 kHz bandwidth”, by dividing the measured value by the
square root of the power bandwidth given in kilohertz. The actual value of the bandwidth shall be stated
when the disturbance level is quoted.

5.2.2 Ouverload factor

The overload factor for circuits preceding the detector at a pulse repetition rate of n Hz shall

be 1,27 (By/n)'2, with By in Hz.

NOTE 1 With this type of detector it will not, in general, be possible to provide a sufficient overload factor to prevent non-linear
operation of the instrument at very low pulse repetition rates (the response to a single pulse is not defined). In any application of this
detector, the minimum pulse repetition rate without overload shall be determined.

NOTE 2 Annex A describes the calculation for the overload factor.

5.3 Sine-wave voltage accuracy

The accuracy of measurement of sine-wave voltages shall be better than + 2 dB when supplied with a
sine-wave signal at 50 ) resistive source impedance.

5.4 Response to pulses

NOTE Annex B and Annex C describe methods for determining the output characteristics of pulse generators for use in testing the
requirements of this clause.

5.4.1 Amplitude relationship

The response of the measuring receiver for band A to pulses of impulse area [278 (B3)_1/2] uVs e.m.f.

at 50 Q source impedance having a uniform spectrum up to at least the highest tuneable frequency of the
receiver, repeated at a frequency of 25 Hz shall, for all frequencies of tuning, be equal to the response to an
unmodulated sine-wave signal at the tuned frequency having an e.m.f of 2 mV [66 dB(uV)] r.m.s. For the
measuring receivers for bands B, C and D, the corresponding values are [139 (Bg~ 1/ 2)] uVS and 100 Hz. The
source impedances of the pulse generator and the signal generator shall both be the same. A tolerance

of £ 1,5 dB is permitted in the sine-wave voltage levels prescribed above.

NOTE 1 Annex A describes the calculation for the pulse response of the r.m.s. detector. At a repetition frequency of 25 Hz

and 100 Hz, respectively, the relationship between the indications of an r.m.s. and a quasi-peak measuring receiver of the same
bandwidth is given in Table 9.

NOTE 2 A lower impulse area may be used together with a proportionally lower amplitude for the unmodulated sine-wave input,
provided sufficient signal-to-noise ratio is maintained.

Table 9 — Relative pulse response of r.m.s. and quasi-peak
measuring receivers

Pulse repetition range

Ratio quasi-peak/r.m.s.

Frequency range of measuring receiver indications
Hz dB
9 kHz to 150 kHz (band A) 25 4,2
0,15 MHz to 30 MHz (band B) 100 14,3
30 MHz to 1 000 MHz (bands C and D) | 100 20,1

5.4.2 Variation with repetition frequency

The response of the measuring receiver to repeated pulses shall be such that, for a constant indication on
the measuring receiver, the relationship between amplitude and repetition frequency shall be in

accordance with the following law:

Amplitude proportional to (repetition frequency)’l/ 2

The response curve for a particular receiver shall lie between the limits in Table 10.
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Table 10 — Pulse response of r.m.s. receiver

Repetition frequency Relative equivalent level of pulse in (dB)
Hz Band A Bands B, C and D
1 000 — -10+1,0
100 -6+0,6 0 (ref.)
25 0 (ref.) +6+0,6
20 +1+0,7 +7+0,7
10 +4+1,0 +10+1,0
2 +11+1,7 +17+1,7
1 +14 £+ 2,0 +20+2,0

5.5 Selectivity

Since the bandwidth requirements of 5.2.1 allow variations from the bandwidths given in Figure 2a,
Figure 2b and Figure 2c¢, these selectivity curves apply to r.m.s. measuring receivers as regards shape only,
and the frequency axis shall be scaled accordingly. For example, Bg/2 corresponds to 100 Hz in Figure 2a.
The requirements of 2.5.2, 2.5.3 and 2.5.4 apply.

5.6 Inter-modulation effects, receiver noise, and screening

The requirements of 2.6, 2.7 and 2.8 apply.

6 Spectrum analyzers and scanning receivers
6.1 Spectrum analyzers and scanning receivers for the frequency range 9 kHz to 1 000 MHz

Spectrum analyzers and scanning receivers intended for the measurement of disturbance in the frequency
range 9 kHz to 1 000 MHz shall comply with the performance requirements specified in clauses 2, 3 or 4.

6.2 Spectrum analyzers for the frequency range 1 GHz to 18 GHz

Requirements for spectrum analyzers in the frequency range 1 GHz to 18 GHz are listed below.
a) The bandwidth Bg shall be 125 kHz + 25 kHz.
b) Spurious response shall be at least 40 dB below the response at the instantaneous tuned frequency.
NOTE This may be achieved by using a preselector.
¢) The screening effectiveness for the frequency range of 9 kHz to 1 000 MHz shall comply with the
requirements of 2.8.
d) A filter shall be provided at the input of the spectrum analyzer to give sufficient attenuation at the
fundamental frequency of certain equipment under test to protect the input circuits of the analyzer from
overload and damage and to prevent the generation of harmonic or intermodulation signals when
measuring weak spurious signals in the presence of a strong fundamental signal.
NOTE 1 30 dB filter attenuation at the fundamental frequency of the equipment under test is normally adequate.
NOTE 2 A number of such filters may be required to deal with more than one fundamental frequency.
e) To permit visual observations while using the slower sweep times, the spectrum analyzer shall be
provided with some form of display storage.
f) The scan time for the displayed frequency range should be capable of being varied, e.g., from 0,1 s
to 10 s.

7 Audio-frequency voltmeter

In the CISPR, a voltmeter is needed which can be utilized for checking purposes, which when connected to
the output of a good radio receiver will give significant measurements compared with a standard CISPR
quasi-peak measuring receiver. It should be noted, however, that the use of the meter in this manner as
compared to a normal CISPR receiver will be limited in performance by the bandwidth, overload,
non-linearity and spurious responses of the radio receiver. The IEC has prepared specifications2) for
measuring noise at the audio output of receivers.

2 IEC 60315-3 for a.m. receivers.
IEC 60315-4 for f.m. receivers.
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The voltmeter also enables assessment to be made of the performance of audio systems subjected to
continuous and impulsive noise. It contains various circuits which can be selected depending on the
function to be served. Where a specific function is desired, only those circuits necessary for that function
need be included.

A block diagram of the voltmeter is shown in Figure 4.
7.1 Fundamental characteristics
7.1.1 Input impedance

The rated input impedance shall be one or more of the following values, unbalanced, 50 Q) and a high
impedance not less than 6 000 (), and balanced, 600 Q.

The balance of the 600 Q input shall be such that when a voltage U1is applied between the voltmeter ground
and the mid-point of a 600 () resistor connected across the input terminals, the output indication shall not
exceed 0,1 mV. The value of the voltage U for the test shall be in accordance with Table 11:

Table 11 — Balance requirement

Frequency Asymmetrical input voltage Common mode rejection
for 0,1 mV
symmetrical output voltage
Hz uw) dB
50 200 126
250 40 112
1 000 10 100

7.1.2 Sensitivity

The measuring range of the voltmeter for an input frequency of 1 kHz shall cover 0,3 mV full scale to 1 V
full scale.

7.1.3 Frequency response

The response of the components of the voltmeter to sine-wave input signals shall be as follows:
a) frequency response of the wideband amplifier: 3 dB at 16 Hz and 16 kHz
b) telephone psophometric filter: see Figure 5%
¢) sound programme psophometric filter: see Figure 6%

7.2 Sine-wave voltage accuracy

The accuracy of measurement of sine-wave voltages shall be better than + 2 dB when supplied with a
sine-wave signal at 50 () resistive source impedance.
7.3 Screening

The screening of the meter shall be such that when it is immersed in an alternating magnetic field
of 1 A/m at the mains supply frequency, an error of not greater than 1 dB is produced at any measuring
level.

NOTE Specifications of screening effectiveness to ambient electromagnetic fields are under consideration.
7.4 Requirements for use as a quasi-peak meter

The sound programme psophometric filter shall be used.

3) See CCITT Recommendation P.53, Psophometers (apparatus for the objective measurement of circuit noise).
Blue Book, Vol. V (1989).
9 See CCIR Recommendation 468-4 (1990).
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7.4.1 Quasi-peak meter fundamental characteristics

The response to pulses as specified in 7.4.2 and 7.4.3 are calculated on the basis of the following nominal
fundamental characteristics.

— Overload factor 30 dB
— Charging time constant 1 ms
— Discharging time constant 160 ms

— Mechanical time constant of the critically damped indicating instrument 160 ms

NOTE When used with a measuring receiver, the time constants shall be adjusted to suit the requirements of 7.4.2 and 7.4.3.

7.4.2 Response to pulses

The response to both positive and negative pulses of impulse strength 0,075 uVs having a uniform
spectrum up to at least 20 kHz, repeated at a frequency of 100 Hz, shall be equal to the response to

a 1 000 Hz sine-wave having an e.m.f. of r.m.s. value of 2 mV [66 dB(uV)]. The source impedances of the
pulse generator and the sine-wave generator shall be the same. A tolerance of + 1,5 dB is permitted on the
sine-wave voltage level.

7.4.3 Variation with repetition frequency

The response of the meter to repeated pulses shall be such that for a constant indication on the meter, the
relationship between amplitude and repetition frequency shall be in accordance with the limits quoted in
Table 12:

Table 12 — Pulse response requirement

Repetition frequency Relative equivalent level of pulse
Hz dB
1 000 -4,5+1,0
100 0 (reference)
20 6,5+1,0
5 14,5+ 2,0
Isolated pulse 23,5+ 3,0

7.5 Requirements for use as an r.m.s. meter

7.5.1 R.M.S. meter fundamental characteristic

The time constant of the electrical circuit of the voltmeter shall be not longer than 1 s.
7.5.2 Response to pulses

For an r.m.s. audio voltmeter with a 3 dB bandwidth B3 in Hz including the frequency weighting due to the
psophometric filter, if any, the response of the meter to pulses of impulse area 139(33)’1/ 2uVs having a
uniform spectrum up to at least 20 kHz, repeated at a frequency of 100 Hz, shall be equal to the response
to a sine-wave having an r.m.s. value of 2 mV at the frequency giving the greatest response. The source
impedances of the pulse generator and the sine-wave generator shall be the same. A difference of + 1,5 dB
between the two responses is allowed.

7.5.3 Variation with repetition frequency

The response of the voltmeter to repeated pulses shall be such that for a constant indication on the meter,
the relationship between amplitude of pulses and repetition frequency shall be in accordance with:

Amplitude proportional to (repetition frequency)fl/ 2

A tolerance of = 1/10 of the relevant equivalent level of pulse in decibels referred to the level at 100 Hz
repetition frequency is allowed.

NOTE The lowest repetition frequency at which it is possible to measure accurately is determined by the overall bandwidth of the
voltmeter and a possible receiver (or filter) before it and by the overload factor of the meter (assuming the receiver is not being
overloaded). For a low-frequency passband of 9 kHz at 6 dB down and 30 dB overload factor (as for the quasi-peak voltmeter) the
lowest repetition frequency is 12 Hz.
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8 Reserved

9 Reserved

10 Reserved

Section 2. Ancillary apparatus

11 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 each mains conductor, there are three terminals: the mains terminal for connection to the supply
mains, the equipment terminal for connection to the equipment under test, and the disturbance output
terminal for connection to the measuring equipment.

NOTE Examples of circuits of artificial mains networks are given in Annex F.

11.1 Network impedance

The impedance of an artificial mains network is the magnitude of the impedance with respect to reference
earth measured at an equipment terminal when the corresponding disturbance output terminal is
terminated with 50 Q.

The impedance at the equipment terminals of the artificial mains network defines the termination
impedance presented to the equipment under test. For this reason, when a disturbance output terminal is
not connected to the measuring receiver, it shall be terminated by 50 Q.

The impedance of each of the mains conductors of the network shall comply with 11.2, 11.3, 11.4, 11.5,
or 11.6 as appropriate, for any value of external impedance, including a short circuit or the RF filter
described in 11.7, connected between the corresponding mains terminal and reference earth. This
requirement shall be met at all temperatures which the network may reach under normal conditions for
continuous currents up to the specified maximum. The requirement shall also be met for peak currents up
to the specified maximum.

11.2 50 /50 pH + 5 Q artificial mains V-network (for use in the frequency range 9 kHz
to 150 kHz)

The network shall have the impedance versus frequency characteristic shown in Figure 7a in the relevant
frequency range. A tolerance of = 20 % is permitted.

NOTE This network may be constructed such that it can meet the combined impedance requirements of this subclause and 11.3.
11.3 50 /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 7b in the relevant
frequency range. A tolerance of + 20 % 1s permitted.
NOTE The 50 /50 uH + 5 Q artificial mains V-network of 11.2 may also meet the impedance requirement of this subclause.

11.4 50 Q/5 pH + 1 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 8. A tolerance
of £ 20 % 1is permitted.

11.5 150 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 % with a phase angle not exceeding 20°.
11.6 150 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 ) with a phase angle not exceeding 20°, both
between the equipment terminals and between the two equipment terminals joined together and reference
earth.
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For the measurement of the symmetric voltage, a screened and balanced transformer is required. To avoid
appreciable modification of the impedance of the network, the input impedance of the transformer shall be
not less than 1 000 Q at all frequencies concerned. The voltage measured by the measuring receiver
depends on the network component values and the transformer ratio. The network shall be calibrated.

11.6.1 Balance of the 150 Q artificial mains delta-network

The balance of the system comprising the network and the measuring receiver connected thereto via the
transformer shall be such that the measurement of symmetric voltage shall be substantially unaffected by
the presence of an asymmetric voltage. The balance shall be measured using the circuit shown in Figure 9.

A voltage U, 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 U is measured in the position for symmetric voltage measurement. The ratio U,/U; shall be
greater than 20 : 1 (26 dB).

11.7 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 11.2,11.3, 11.4, 11.5, and 11.6 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.

11.8 Current carrying capacity and series voltage drop

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

11.9 Modified reference earth connection

The measurement of some types of equipment may require the insertion of an impedance in the reference
earth conductor in the artificial mains networks in 11.2 and 11.3 following the requirements of the related
product publications. This is inserted at point X marked in the reference earth lead in Figure 23 and
Figure 24, respectively. The impedance to be inserted is either a 1,6 mH inductor or an impedance
conforming to the impedance requirement of 11.2 or 11.3, as appropriate for the frequency range.

NOTE For safety reasons, the 5 Q resistor mentioned in 11.2 should be omitted.

12 Current and voltage probes
12.1 Current probes

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

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 currents 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 J.5 of Annex J contains some
construction details.
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12.1.1 Construction

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

Annex J contains some typical constructions of current probes.

12.1.2 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 terminated into 50 ))

Added shunt capacitance Less than 25 pF between the current probe housing and
measured conductor

Frequency response Transfer impedance is calibrated over a specified frequency
range; the range of individual probes is typically 100 kHz
to 100 MHz, 100 MHz to 300 MHz, and 200 MHz

to 1 000 MHz
Pulse response Under consideration
Magnetic saturation The maximum d.c. or a.c. mains current in the primary lead
for a measurement error less than 1 dB shall be specified
Transfer impedance tolerance Under consideration
Influence of external magnetic fields 40 dB reduction in indication when a current carrying

conductor is removed from the current probe opening to a
position adjacent to the probe

Influence of electric fields Not susceptible to fields < 10 V/m

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

Current probe opening At least 15 mm

aThe 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 J.

12.2 Voltage probe

Figure 10 shows a circuit 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, X, to be much greater than R.

The insertion loss of voltage probes shall be calibrated in a 50 W system over the frequency range of 9 kHz
to 30 MHz. The effect on the accuracy of measurement of any device which may be used for protection
should either be less than 1 dB or be allowed for in calibration. Care shall be taken to ensure that the level
of interference is accurately measured in the presence of the ambient noise to make the measurement
meaningful.

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

13 Absorbing clamp for use in the frequency range 30 MHz to 1 000 MHz
13.1 General

Absorbing clamps are suitable for the measurement of disturbance from some types of equipment
depending on construction and size. The precise measuring procedure and its applicability is to be specified
for each category of equipment. If the EUT itself (without connecting leads) approaches a 1/4 of a
wavelength of the measuring frequency, direct cabinet radiation may occur.
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The disturbance capability of an appliance with a mains lead being the only external lead may be taken as
the power it could supply to its mains lead acting as a radiating antenna. This power is nearly equal to that
supplied by the appliance to a suitable absorbing device placed around the lead at the position where the
absorbed power is maximum. The absorbing device is known as the absorbing clamp or the ferrite clamp.

Equipment having external leads other than a mains lead can radiate disturbing energy from such leads,
shielded or unshielded, in the same manner as radiation from the mains lead. Absorbing clamp
measurements can be done on these leads also.

Radiation from leads at frequencies above 300 MHz, up to 1 000 MHz, may be measured with a suitable
absorbing clamp. Such measurements could be of considerable use. However, it should be noted that
substantial amount of radiation could emanate directly from the equipment.

13.2 Construction
The absorbing clamp shall consist of three parts as follows:
a) a broadband RF current transformer;
b) a broadband RF power absorber and impedance stabilizer for the lead under measurement;
¢) an absorbing sleeve or assembly of ferrite rings to reduce RF current on the surface of the coaxial cable
from the current transformer to the measuring receiver.
Annex K describes the construction of some examples of absorbing clamps.

NOTE The transformer and the absorber described in a) and b) above respectively are maintained in fixed relative positions as close
together as convenient. They may be constructed of split rings to avoid the necessity of disconnecting a fitted plug from the lead, but
care should be taken to keep the air gap small.

13.3 Characteristics

The use of the absorbing clamp relies on a calibrating factor obtained by a specific calibration procedure,
as described in Annex H and Figure 40. The absorbing clamp shall have a characteristic response of output
power versus input power from the calibration signal generator, P, that shows no pronounced resonance
at any frequency.

The absorbing clamp shall present an impedance between 100 Q and 250 ) and not more than 20 %
reactive when measured as shown in Figure 40 with the signal generator and 10 dB attenuator replaced
by an impedance measuring instrument. At each frequency of measurement the clamp is positioned along
the lead, W, to obtain the maximum indication on the measuring receiver. It may be necessary to make a
small adjustment in the position of the clamp to satisfy the reactance requirement. In a satisfactory clamp,
the readjustment will not produce a significant change in the measured power.

Requirements for absorber attenuation are under consideration.

14 Disturbance analyzers
Disturbance analyzers are used for the automatic assessment of the amplitude, rate and duration of
disturbances due for example to switching operations.

NOTE Current analyzers are designed to be used with a quasi-peak measuring receiver (see clause 2) of the type which works with
a limited internal signal level. As a result, such analyzers may not interface correctly with all receivers.

14.1 Fundamental characteristics

The analyzer shall be equipped with a channel to measure the duration of disturbances; the input of this
channel shall be connected to the i.f. output of the measuring receiver; the accuracy of duration
measurement shall be not worse than + 5 %.

The analyzer shall be equipped with a channel to assess the quasi-peak amplitude of a disturbance. The
combination of the measuring receiver and the disturbance analyzer shall comply in all respects with the
requirements of clause 2.

The analyzer shall be capable of indicating the following information:

a) the number of clicks (see note 1) of duration equal to or less than 10 ms which exceed a reference level
pre-set in the receiver;

b) the number of clicks of duration greater than 10 ms but equal to or less than 200 ms that exceed the
reference level set in a);

¢) the incidence of more than two clicks occurring in any 2 s period and exceeding the reference level set
in a);
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d) the incidence of more than five clicks each of duration equal to or less than 10 ms and exceeding the
reference level set in a) in any 1 min period (see note 2);

e) the total duration of disturbance other than clicks that exceeds the reference level set in a);

) the duration of test in minutes;

g) the number of switching operations made by the equipment under test.

NOTE 1 The definition of a “click” is given in CISPR 14.

NOTE 2 This function is not required to meet the provisions of CISPR 14.
NOTE 3 An example of a disturbance analyzer is shown in block diagram in Figure 11.
The tests for compliance with the requirements of 14.1 are given in 14.2. The disturbance analyzer shall
comply with the “required results” listed in Table 13, Table 14 and Table 15. Figure 12 presents in a
graphical form the waveforms listed in Table 13, Table 14 and Table 15.

Table 13 — Disturbance analyzer performance check waveforms

1 2 3 4 5
Amplitud.e in qtgrsil?;i::lzl in(:tler ] Separation of
Test ngzt;;lxig:;,te (reference midpoint Duration of pulses pg;lilsgic(i)fy Results
No. of meter scale)
dB dB? ms ms
Pulse Pulse Pulse Pulse Pulse Pulse
1 2 1 2 1 2

1 — — 5 — 9,5 — — 1 click = 10 ms

2 — — 5 — 10,5 — — 1 click > 10 ms

3 — — 5 — 190,0 — — 1 click > 10 ms

4 — — 5 — 210,0 — — other than clicks

5 — — 5 5 30,0 30,0 180 other than clicks

6 — — 5 5 30,0 30,0 130 1 click > 10 ms

7 — — 5 5 30,0 30,0 210 2 clicks > 10 ms

8 — — 5 — 30,0 — Periodicity 210 |> 2 clicks within 2 s

9 — — 5 — 9,5 — Periodicity 210 |> 5 clicks within 1 min
10P — — 1 — 190,0 — — 1 click > 10 ms
11b — — 1 — 9,5 — — 1 click = 10 ms
12 — — 1 0,11 |— Periodicity 210 |other than clicks
13 — — 1 — -0,41 |— — 1 click = 10 ms
14 |— — 25¢ |25 30,0 30,0 230 1 click > 10 ms
15 — 2 25,0 —2,5¢ 190,0 30,0 11884 2 clicks > 10 ms¢
16 |— 2 25,0 —925°  |190,0 30,0 13124 1 click > 10 ms
& Pulse amplitudes measured individually.
b Background noise level 2,5 dB below quasi-peak threshold level.
¢ These lower levels shall be set such that the intermediate frequency threshold is exceeded but the quasi-peak threshold is not
e)(lcii((i)egﬁd 2 090 respectively for CISPR quasi-peak measuring apparatus for the frequency range above 30 MHz.
¢ If these two pulses were to be measured as separate disturbances, only one click would be registered.
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Table 14 — Performance checks for high-level pulses

Amplitude of pulses Duration of pulses Separation of Results
(reference mid-point of meter scale) pulses
Test dB ms ms
No.
1 2 3 1 2 3 Pulses 1 | Pulses 2
Intermediate In quasi-peak Intermediate et 2 et 3
frequency frequency
17 2 44 2 1 2 1 169 190 other than
clicks?
18 2 44 -2 1 2 1 169 190 1 click

a1f these three pulses were to be measured as separate disturbances only one click would be registered.

Table 15 — Additional tests

Test Amplitude of pulses Duration of pulses Separation of pulses Results
No. (reference mid-point of
quasi-peak meter)
dB ms ms
1 2 3 4 1 2 3 4 |Pulses Pulses Pulses
land2 2and3 3and4

19 5 5 5 5 30 30 30 30 240 1 800 250 4 clicks
20 5 5 5 5 30 30 30 30 370 1620 250 4 clicks; accumulation

condition, more than
two clicks within 2 s
21 5 5 5 5 30 30 30 30 (1780 210 250 4 clicks; accumulation
condition, more than
two clicks within 2 s

22 5 5 5 5 30 30 30 30 |1860 130 250 3 clicks

14.2 Method of test for compliance

The disturbance analyzer is connected to the quasi-peak measuring receiver tuned to a convenient
frequency. A c.w. signal and a pulsed c.w. signal both at the tuned frequency of the receiver, and a
white-noise signal covering the receiver bandwidth at the tuned frequency are required.

The pulsed c.w. signal source shall provide one to four independently variable pulses. The rise times of the
pulses shall be not longer than 40 us. The pulse durations shall be variable between 110 us and 210 ms and
the amplitudes variable over a 44 dB range. Any background noise of the pulsed c.w. signal shall be at

least 20 dB below the reference level used in step 1 in the test measured on the receiver quasi-peak meter.

An oscilloscope 1s connected to the intermediate frequency output of the quasi-peak receiver to measure the
level and the duration of the pulsed signal.

The test procedure is as follows:

1) The c.w. signal is connected to the input of the measuring receiver used in conjunction with the
disturbance analyzer. The amplitude of the c.w. signal is adjusted to a level well above the noise but
below the overloading point of the receiver. The receiver sensitivity (attenuator) control is adjusted to
bring the meter indication to the reference (0 dB) point on the scale. The corresponding level of the c.w.
signal at the i.f. output of the receiver constitutes the IF reference level.

2) The pulsed c.w. signal is connected to the input of the measuring receiver. For tests 10 and 11 the
white noise signal is added to the pulsed c.w. signal. The nature of the signal is given in Table 13,
Table 14 and Table 15. In Table 13 the signal contains one or two pulses, the group occurring single-shot
or recurring, in Table 14 three pulses single-shot, and in Table 15 four pulses single-shot. The
amplitudes of the pulses shown in column 1 of Table 13 and of the pulses 1 and 3 shown in Table 14 are
measured using the oscilloscope connected to the IF output of the measuring receiver. The amplitudes
of the other pulses are measured using the quasi-peak meter of the receiver. The levels shall be relative
to the respective RF and IF reference levels established in the previous paragraph.

All duration measurements are made in the IF of the measuring receiver using the oscilloscope.
The tests shall be performed in numerical order.
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15 Antennas for measurement of radiated radio disturbance

The antenna and the circuits inserted between it and the measuring receiver shall not appreciably affect
the overall characteristics of the measuring receiver. When the antenna is connected to the measuring
receiver, the measuring system shall comply with the bandwidth requirements of Section 1 appropriate to
the frequency band concerned.

The antenna shall be substantially plane polarized. It shall be orientable so that all polarizations of
incident radiation can be measured. The height of the centre of the antenna above ground may have to be
adjustable according to a specific test procedure.

For additional information about the parameters of broadband antennas see Annex Q. |
15.1 Accuracy of field-strength measurements

The accuracy of field-strength measurement of a uniform field of a sine-wave shall be better than + 3 dB
when an antenna meeting the requirements of this subclause is used with a measuring receiver meeting
the requirements of section 1.

NOTE This requirement does not include the effect due to a test site.

15.2 Frequency range 9 kHz to 150 kHz

Experience has shown that, in this frequency range, it is the magnetic field component that is primarily
responsible for observed instances of interference.

15.2.1 Magnetic antenna

For measurement of the magnetic component of the radiation, either an electrically-screened loop antenna
of dimension such that the antenna can be completely enclosed by a square having sides of 60 cm in length,
or an appropriate ferrite-rod antenna, may be used.

The unit of the magnetic field strength is HA/m or, in logarithmic units, 20 log(UA/m) = dB(UA/m). The
associated emission limit shall be expressed in the same units.

NOTE Direct measurements can be made of the strength of the magnetic component, in dB(UA/m) or HA/m of a radiated field under
all conditions, that is, both in the near field and in the far field. However, many field strength measuring receivers are calibrated
in terms of the equivalent plane wave electric field strength in dB(uV/m), i.e. assuming that the ratio of the E and H components

is 120 1 or 377 Q. This assumption is justified under far-field conditions at distances from the source exceeding one sixth of a
wavelength (\/27), and in such cases the correct value for the H component can be obtained by dividing the E value indicated on the
receiver by 377, or by subtracting 51,5 dB from the E level in dB(uV/m) to give the H level in dB(uA/m).

It should be clearly understood that the above fixed E and H ratio applies only under far-field conditions.

To obtain the reading of H (UA/m), the reading E (UV/m) is divided by 377 Q:

H (UA/m) = E (uV/m)/377 Q ®
To obtain the reading of H dB(UA/m), 51,5 dB(Q) is subtracted from the reading £ dB(uV/m):
H dB(UA/m) = E dB(uV/m) — 51,5 dB(Q) 2)

The impedance Z = 377 Q, with 20 log Z = 51,5 dB(Q), used in the above conversions is a constant originating from the calibration
of field strength measuring equipment indicating the magnetic field in yV/m [or dB(uV/m)].

15.2.2 Balance of antenna

The balance of the antenna shall be such that, when the antenna is rotated in a uniform field, the level in
the cross-polarization direction is at least 20 dB below that in the parallel polarization direction.

15.3 Frequency range 150 kHz to 30 MHz

15.3.1 Electric antenna

For the measurement of the electric component of the radiation, either a balanced or an unbalanced
antenna may be used. If an unbalanced antenna is used, the measurement will refer only to the effect of
the electric field on a vertical rod antenna. The type of antenna used shall be stated with the results of the
measurements.

Where the distance between the source of radiation and the antenna is 10 m or less, the total length of the
antenna shall be 1 m. For distances greater than 10 m the preferred antenna length is 1 m, but in no case
shall it exceed 10 % of the distance.

The unit of electric field strength shall be uV/m or, in logarithmic units, 20 log(uV/m) = dB(uUVm). The
associated emission limit shall be expressed in the same units.

15.3.2 Magnetic antenna

For the measurement of the magnetic component of the radiation, an electrically-screened loop antenna,
as described in 15.2.1 shall be used.
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15.3.3 Balance of antenna

If a balanced electric or a magnetic antenna is used, it shall comply with the requirement of 15.2.2.
15.4 Frequency range 30 MHz to 300 MHz

15.4.1 Electric antenna

The reference antenna shall be a balanced dipole.

15.4.1.1 Balanced dipole

For frequencies 80 MHz or above, the antenna shall be resonant in length, and for frequencies

below 80 MHz it shall have a length equal to the 80 MHz resonant length and shall be tuned and matched
to the feeder by a suitable transforming device. Connection to the input of the measuring apparatus shall
be made through a symmetric-asymmetric transformer arrangement.

15.4.1.2 Shortened dipole
A dipole shorter than a half wavelength may be used provided:
a) the total length is greater than 1/10 of a wavelength at the frequency of measurement;

b) it is connected to a cable sufficiently well matched at the receiver end to ensure a voltage standing
wave ratio (v.s.w.r.) on the cable of less than 2.0 to 1. The calibration shall take account of the v.s.w.r.;
¢) it has a polarization discrimination equivalent to that of a tuned dipole (see 15.4.2). To obtain this, a
balun may be helpful,;

d) for determination of the measured field strength, a calibration curve (antenna factor) is determined
and used in the measuring distance (i.e., at a distance of at least three times the length of the dipole);

NOTE The antenna factors thus obtained should make it possible to fulfil the requirement of measuring uniform sine-wave
fields with an accuracy not worse than + 3 dB. Examples of calibration curves are given in Figure 13 which shows the theoretical
relation between field strength and receiver input voltage for a receiver of input impedance of 50 Q, and for various //d ratios. On
these figures, the balun is considered as an ideal 1 : 1 transformer. It should be noted, however, that these curves do not account
for the losses of the balun, the cable and any mismatch between the cable and the receiver.

e) in spite of the sensitivity loss of the field-strength meter due to a high antenna factor attributed to the
shortened length of the dipole, the measuring limit of the field-strength meter (determined for example
by the noise of the receiver and the transmission factor of the dipole) shall remain at least 10 dB below
the level of the measured signal.

15.4.1.3 Broadband antenna

A broadband antenna may be used, provided that it meets the requirements given in 15.5.2 for a complex

antenna.

15.4.2 Balance of antenna

The balance of the antenna shall be such that, when the antenna is rotated in a uniform field, the level in

the cross polarization direction is at least 20 dB below that in the polarization aligned direction.

15.5 Frequency range 300 MHz to 1 000 MHz

15.5.1 Electric antenna

If a dipole antenna is used, it shall meet the requirements of 15.4.1.1 and 15.4.2.

15.5.2 Complex antenna

Since, at the frequencies in the range 300 MHz to 1 000 MHz, the sensitivity of the simple dipole antenna
is low, a more complex antenna may be used. Such antenna shall be as follows:

a) The antenna shall be substantially plane polarized. This shall be checked in the same manner as for
the balance of a simple dipole antenna.

b) The main lobe of the radiation pattern of the antenna shall be such that the response in the direction
of the direct ray and that in the direction of the ray reflected from the ground do not differ by more
than 1 dB.

To ensure this condition, the total vertical angular aperture 2 ¢ of the measuring antenna, within which
the antenna gain is within 1 dB of its maximum, shall be such that:

1) if the measuring antenna is maintained in a horizontally direct position:
@ > tan~! [(hy + hy)/d]
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2) if the measuring antenna is tilted towards earth in the optimum position (so that direct and
reflected rays are included within the aperture 2 ¢):

2 @ >tan~! [(hy + hy)/d] — tan™! [(hy — hy)/d]
where
hq 1is the measuring antenna height;
hy is the height of the device under test;
d is the horizontal distance between the measuring antenna and the device under test.
The pattern of the antenna shall be checked in the horizontal plane while orienting it for vertical

polarization. It shall be assumed that the pattern and, in particular, the angular aperture 2 ¢ is the same
when horizontally polarized as when measured with the vertical polarization.

It is essential that the variation of the effective distance of the antenna from the source and its gain with
frequency be taken into account.
¢) The voltage standing-wave ratio of the antenna with the antenna feeder connected and measured from
the receiver end shall not exceed 2,0 to 1.
d) A calibration factor shall be given making it possible to fulfil the requirements of 15.1.
15.6 Frequency range 1 GHz to 18 GHz
For specific measurements, the relevant antenna requirements are to be given.
15.7 Special antenna arrangements
15.7.1 Loop antenna system

In the frequency range 9 kHz to 30 MHz the interference capability of the magnetic field component of the
radiation of a single (EUT) can be determined by using a special loop antenna system (LAS). In the LAS,
this capability is measured in terms of the currents induced by the magnetic field in the loop antennas of
the LAS. The LAS allows indoor measurements.

The LAS consists of three circular, mutually perpendicular large-loop antennas (LLAs), having a diameter
of 2 m, supported by a non-metallic base. A full description of the LAS is given in Annex R.

The EUT is positioned in the centre of the LAS. The maximum dimensions of the EUT are limited so that
the distance between the EUT and an LLA is at least 0,20 m. Guidelines for the routing of signal cables are
given in clause R.3, note 2 and Figure R.6. Cables should be routed together and leave the loop volume in
the same octant of the cell and no closer than 0,4 m to any of the LAS loops.

The three mutually perpendicular LLAs allow measurement of the interference capability of all
polarizations of the radiated field with the prescribed accuracy, and without rotation of the EUT or
changing the orientation of the LLAs.

Each of the three LLAs shall comply with the validation requirements given in clause R.5.

NOTE Circular LLAs having a diameter different from the standardized diameter of 2 m may be used, provided their diameter
D = 4 m and the distance between the EUT and a LA is at least 0,10 (D) m. Correction factors for non-standardized diameters are
given in clause R.6.

16 Test sites for measurement of radio disturbance field strength for the
frequency range of 30 MHz to 1 000 MHz

An environment is required which assures valid, repeatable measurement results of disturbance field
strength from equipment. For equipment which can only be tested in its place of use, different provisions
have to be utilized.

16.1 Open area test site

Disturbance field-strength measurements are normally performed at an open area test site. Open area test
sites are areas characteristic of cleared level terrain. Such test sites shall be void of buildings, electric lines,
fences, trees, etc. and free from underground cables, pipelines, etc., except as required to supply and
operate the equipment under test (EUT). Refer to Annex L for specific construction recommendations for
open area test sites for electromagnetic field tests in the range of 30 MHz to 1 GHz. The site validation
procedure for open area test sites is given in 16.6 with further details in Annex G. Annex M contains the
acceptability criterion.
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16.2 Weather protection enclosure

Weather protection is desirable if the test site is used throughout the year. A weather protection structure
could either protect the whole test site including EUT and field strength measuring antenna or the EUT
only. The materials used shall be RF transparent in order to cause no undesirable reflections and
attenuation of the emitted field from the EUT.

The structure shall be shaped to allow easy removal of snow, ice or water. For further details, see Annex L.
16.3 Obstruction-free area

For open area test sites, an obstruction-free area surrounding the EUT and field-strength measuring
antenna is required. The obstruction-free area should be free from significant scatterers of electromagnetic
fields, and should be large enough so that scatterers outside the obstruction-free area will have little effect
on the fields measured by the field-strength measuring antenna. To determine the adequacy of this area,
site validation tests should be performed.

Since the magnitude of the field scattered from an object depends on many factors (size of the object,
distance from the EUT, orientation with respect to the EUT, conductivity and permittivity of the object,
frequency, etc.), it is impractical to specify a reasonable obstruction-free area which is necessary and
sufficient for all applications. The size and shape of the obstruction-free area are dependent upon the
measurement distance and whether or not the EUT will be rotated. If the site is equipped with a turntable,
the recommended obstruction-free area is an ellipse with the receiving antenna and EUT at the two foci
and having a major axis equal to twice the measurement distance and a minor axis equal to the product of
the measurement distance and the square root of 3 (see Figure 14).

For this ellipse, the path of the undesired ray reflected from any object on the perimeter is twice the length
of the direct ray path between the foci. If a large EUT is installed on the turntable, the obstruction-free
area must be expanded so that the obstruction clearance distances exist from the perimeter of the EUT.
If the site is not equipped with a turntable, that is, the EUT is stationary, the recommended
obstruction-free area is a circular area such that the radial distance from the boundary of the EUT to the
boundary of the area is equal to the measurement distance multiplied by 1,5 (see Figure 15). In this case,
the antenna is moved around the EUT at the separation distance.

The terrain within the obstruction-free area should be flat. Small slopes needed for adequate drainage are
acceptable. The flatness of the metallic ground plane, if used, is discussed in L.2 of Annex L. Measuring
apparatus and test personnel should be situated outside the obstruction free area.

16.4 Ambient radio frequency environment of a test site

The ambient radio frequency levels at a test site shall be sufficiently low compared to the levels of
measurements to be performed. The quality of the site in this respect may be assessed in four categories,
listed below in their order of merit:

a) the ambient emissions are 6 dB or more below the measurement levels,
b) some ambient emissions are within 6 dB of the measurement levels,

¢) some ambient emissions are above the measurement levels, but are either aperiodic (i.e., sufficiently
long in time between transmissions to allow a measurement to be made) or continuous, but only on
limited identifiable frequencies,

d) the ambient levels are above the measurement levels over a large portion of the measurement
frequency range and occurring continuously.

The selection of a test site should ensure that the accuracy of the measurement is maintained given the
environment and the degree of engineering skill available.

NOTE For perfect results, an ambient level 20 dB below the emission level measured is recommended.
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16.5 Ground plane

The ground plane may be composed of a wide range of material from earth to highly conductive, metallic
material. The plane can be at earth level or elevated on a suitably sized platform or roof site. A metal
ground plane is preferred, but for certain equipment and applications, it may not be recommended by
certain product publications. Adequacy of the metal ground plane will be dependent on whether the test
site meets the site validation requirements in 16.6. If no metallic material is used, caution is required to
select a site that does not change its reflective characteristics with time, weather condition, or, due to
buried metallic material such as pipes, conduits, and non-homogeneous soil. Such sites generally give
different site attenuation characteristics compared to those with metallic surfaces.

16.6 Open area site validation procedure

The validation procedure and the requirements for the normalized site attenuation given here are used to
qualify a test site when a metallic ground plane is specified. For other test sites, the validation procedure
is of an informative nature, and will in general also identify possible site irregularities that should be
investigated. The validation procedure is not applicable to absorber lined rooms. Such a procedure requires
more detailed specifications and is under consideration.

The validation of an open area test site is performed with two antennas oriented horizontally and vertically
with respect to the ground, as shown in Figure 16 and Figure 17, respectively. The open area site
attenuation is obtained from the ratio of the source voltage (V;) connected to a transmitting antenna and
the received voltage (V,) as measured on the receiving antenna terminals. The voltage measurements are
performed in a 50 Q) system. Suitable corrections for cable losses is required if V, and V; are not measured
at the input and output of the transmit and receive antenna, respectively. This site attenuation ratio is
then divided by the product of the antenna factors for the two antennas used. The resulting answer is the
normalized site attenuation (NSA) and is expressed in dB. The site is considered suitable when the
measured vertical and horizontal NSA’s are within + 4 dB of the values given in Table G.1, Table G.2, and
Table G.3, as appropriate. If the + 4 dB criterion is exceeded, the test site must be investigated per
clause G.4 of Annex G.

NOTE The basis for the 4 dB site acceptability criterion is given in Annex M.

The deviation between a measured NSA value and the theoretical value shall not be used as a correction
for a measured EUT field strength. This procedure shall be used only for validating a test site.

Table G.1 is used for broadband antennas such as biconical and log periodic arrays both horizontally and
vertically aligned with respect to the ground plane. Table G.2 is for tuned half-wave dipoles aligned
horizontally with respect to the ground plane. Table G.3 is for tuned half-wave dipoles vertically aligned
with respect to the ground plane. Note that in Table G.3, there are restrictions in the scan height A,. This
takes into account the fact that the lowest tip of the receive dipole is kept 25 cm or more from the ground
plane.

NOTE The reason for the different Table G.1 and Table G.2/Table G.3 is that different geometrical parameters are chosen for a
broadband antenna and a tuned half-wave dipole, primarily because of practical restrictions needed for the latter.

NSA for frequencies other than those shown in the tables may be found using straight-line interpolation
between the tabulated values.

The legend for each table is as follows:

R Horizontal separation distance between the projection of the transmit and receive antennas on the
ground plane (metres).

h; Height of the centre of the transmit antenna above the ground plane (metres).

hs Range of heights of the centre of the receive antenna above the ground plane (metres). The maximum
received signal in this height scan range is used for NSA measurements.

fm Frequency in MHz.
AN NSA (see equation 1, below).

NOTE The spacing R between log-periodic array antennas is measured from the projection on to the ground plane of the mid-point
of the longitudinal axis of each antenna.
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It is recommended that horizontal NSA measurements be performed first. Since such measurements are
less sensitive than that for vertical polarization in finding test anomalies, the measured NSA should
readily be within + 4 dB of that shown in Table G.1, Table G.2 and Table G.3. If not, recheck measurement
technique, instrumentation drift and antenna factor calibrations. If the + 4 dB criterion is still exceeded, a
significant site anomaly is present which should be readily apparent and corrective action taken before
proceeding to the vertical polarization NSA measurement.

16.6.1 General NSA measurement

For each polarization measurement, the NSA procedure requires two different measurements of Vi which
is the voltage received. The first reading of V3 is with the two coaxial cables disconnected from the two
antennas and connected to each other via an adapter. The second reading of Vj is taken with the coaxial
cables reconnected to their respective antennas and the maximum signal measured when the receive
antenna is scanned in height. (1 — 4 m for 3 m and 10 m separation distances and either 1 —4 mor 2 —6 m
for the 30 m separation.) For both of these measurements, the signal source voltage, V;, is kept constant.
The first reading of Vj, is called Vppper and the second is Vgppp. These are used in the following
equation (1) for the measured NSA, Ay; all terms are in dB.

AN = Vprect — VsitE — AFr — AFR — AAFr07 1
where

AFy is the transmit antenna factor;

AFg is the receive antenna factor;

AAFpor is the mutual impedance correction factor.

Note that the first two terms represent the actual measurement of site attenuation, i.e., Vprecer — Varre
is equal to the classical view of site attenuation, which is constituted by the insertion loss of the propagation
path with the inclusion of the properties of the two antennas used. Theoretical values for AFpgr are given
in Table G.4 AFp and AFg shall be measured.

Note that: VDIRECT = VI — CT — CR

where

Crp and Cp are the cable losses which do not need to be measured separately. The mutual impedance correction factor in Table G.4
applies only to the recommended site geometry of 3 m separation, horizontal polarization and the use of half-wavelength tuned
dipoles.

To accomplish these NSA measurements, two techniques can be used, depending on the instrumentation
available and whether a broadband or tuned dipole is used. Both methods give essentially equal results if
used correctly as outlined in Annex G. Briefly, each method is described as follows:

a) Discrete frequency method

For this method, specific frequencies given in Table G.1, Table G.2 or Table G.3 are measured in turn.
At each frequency the receive antenna is scanned over the height range given in the appropriate table
to maximize the received signal. These measured parameter values are inserted in equation (1) to
obtain the measured NSA. Annex G contains a suggested procedure approach to record the data,
calculate the measured NSA, and then compare it with the theoretical NSA.

b) Swept frequency method

For this method, measurements using broadband antennas may be made using automatic measuring
equipment having a peak hold (maximum hold), storage capability, and a tracking generator. In this
method both antenna height and frequency are scanned or swept over the required ranges. The
frequency sweep speed shall be much greater than the antenna height scan rate. Otherwise the
procedure is the same as in a). A detailed procedure is given in Annex G.

16.6.2 Antenna factor determination

Accurate antenna factors are necessary in measuring NSA. In general, antenna factors provided with the
antenna are inadequate unless they are specifically or individually measured. Linearly polarized antennas
are required. A useful antenna calibration method is contained in Annex G. Manufacturer’s antenna
factors may account for losses due to the balun among other features. If a separate balun or any integrally
associated cables are used, their effects must be accounted for. The formula to use for tuned half-wave
dipoles is also contained in Annex G.
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16.6.3 Site attenuation deviations
If measurements of NSA deviate by more than + 4 dB, several items should be re-checked first:
a) measurement procedure;
b) accuracy of antenna factors;
¢) drift in signal source or accuracy of receiver or spectrum analyzer input attenuator and reading.

If no errors are found in a), b) and c), then the site is at fault and detailed investigation of possible causes
of site variability should be made. Annex M contains the errors that can occur with NSA measurements.

Note that since the vertical polarization is generally the more critical measurement, site anomalies should
be investigated using this more sensitive measurement rather than the horizontal polarization results. Key
1tems to investigate include:

a) ground plane size and construction inadequacy;
b) objects at the perimeter of the site that may be causing undesired scattering;
¢) all-weather cover;

d) ground plane discontinuity at the turntable circumference when the turntable surface is conductive
and at the same elevation as the ground plane;

e) thick dielectric ground plane covers;
f) openings in ground plane for stairways.
16.7 Alternative test site suitability

There are many different test sites and facilities that have been constructed to make radiated emission
measurements. Most are protected from the weather and the adverse effects of the radio frequency
ambient. These include all weather-covered open area test sites and absorber-lined shielded rooms.

Whenever construction material encloses a test site, there is the possibility that the results of a single
normalized site attenuation (NSA) measurement, as specified in 16.6, are not adequate to show such
alternative site suitability.

To assess alternative test site suitability, the following procedure is recommended. It is based on making
multiple NSA measurements throughout a volume occupied by the EUT. These NSA measurements shall
all come within the error budget of + 4 dB to be judged suitable as an equivalent to an open area test site.

The discussion in this section concerns alternative test sites which have a conducting ground plane.
16.7.1 Normalized site attenuation for alternative test sites

For an alternative test site a single NSA measurement is insufficient to pick up possible reflections from
the construction and/or RF-absorbing material comprising the walls and ceiling of the facility. For these
sites a “test volume” is defined as that volume traced out by the largest equipment or system to be tested
as it is rotated about its centre location through 360°, such as by a turntable. In evaluating horizontal and
vertical polarization, such as illustrated in Figure 51a and Figure 51b, it may require a maximum of 20
separate site attenuation measurements, i.e. five positions in the horizontal plane (centre, left, right, front,
and rear, measured with respect to the centre and a line drawn from the centre to the position of the
measuring antenna), for two polarizations (horizontal and vertical), and for two heights (1 m and 2 m
horizontal, 1 m and 1,5 m vertical).

These measurements are carried out with a broadband antenna and distances are measured with respect
to the centre of the antenna. The transmit and receive antennas shall be aligned with the antenna elements
parallel to each other and orthogonal to the measurement axis.

For vertical polarization, the off-centre positions of the transmit antenna are at the periphery of the test
volume. Furthermore, the lower tip of the antenna shall be greater than 25 ¢m from the floor, which may
require the centre of the antenna to be slightly higher than 1 m for the lowest height measurement.

For horizontal polarization measurements in the left and right positions if the distance between the
construction and/or absorbing material on the side walls and EUT periphery is less than 1 m, the centre of
the antenna is moved towards to central position so that the extreme tip of the antenna is either at the
periphery or distant from the periphery by not more than 10 % of the test volume diameter. The front and
rear positions are at the periphery of the test volume.
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The number of required measurements can be reduced under the following circumstances:

a) The vertical and horizontal polarization measurements in the rear position may be omitted if the
closest point of the construction and/or absorbing material is at a distance greater than 1 m from the
rear boundary of the test volume.

NOTE Radiated emission sources located near dielectric interfaces have been shown to have variations in current distribution
that can affect the radiated properties of the source at that location. When EUT can be located near these interfaces, additional
site attenuation measurements are required.

b) The total number of horizontal polarization measurements along the test volume diameter joining the
left and right positions may be reduced to the minimum number necessary for the antenna footprints to
cover 90 % of the diameter.

¢) The vertical polarization measurements at the 1,5 m height may be omitted if the top of the EUT,
including any table mounting, is less than 1,5 m in height.

d) If the test volume is no larger than 1 m in depth, by 1,5 m in width, by 1,5 m in height, including table
if used, horizontal polarization measurements need only be made at the centre, front and rear positions
but at the height of both 1 m and 2 m. If item a) above applies, the rear position may be omitted. This
will require a minimum of eight measurements: four positions vertical polarization (left, centre, right,
and front) for one height, and four positions horizontal polarization (centre and front) for two heights;
see Figure 51c and Figure 51d.

NSA measurements shall be performed with the transmit and receive antenna separation held
constant according to Table 16 and Table 17. Note that these tables have been modified to
accommodate these NSA measurements by adding values for an additional transmit height and to limit
the 30 m scan height to between 1 m and 4 m. The receive antenna must be moved to maintain the
appropriate separation along a line towards the turntable centre (see Figure 51a, Figure 51b,
Figure 51c and Figure 51d). The alternative test site is considered suitable for performing radiated
emission testing if all NSA measurements prescribed above meet the requirements of 16.7.2 and the
ground plane requirements of 16.7.3 below.

NOTE Studies are underway to determine if any further tests are required to show alternate test site suitability.

16.7.2 Site attenuation

A measurement site shall be considered acceptable for radiated electromagnetic field measurements if the
measured horizontal and vertical NSA measurements are within + 4 dB of the theoretical normalized site
attenuation for an ideal site.

16.7.3 Conducting ground plane

A conducting ground plane is required at a radiated emission test site. The conducting ground plane shall
extend at least 1 m beyond the periphery of the EUT and the largest measurement antenna, and cover the
entire area between the EUT and the antenna. It shall be of metal with no holes or gaps having longitudinal
dimensions larger than one-tenth of a wavelength at the highest frequency of measurement. A larger size
conducting ground plane may be required if the NSA measurements do not meet the + 4 dB criterion.

NOTE Ongoing studies may indicate the need for specifying minimum conductive ground plane size.
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Table 16 — Normalized site attenuation
(recommended geometries for tuned half-wave dipoles with horizontal polarization)
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Polarization Horizontal Horizontal Horizontal
R 3m 10 m 30 m
h; 2m 2m 2 m
hs Imto4m Imto4m Imto4m
fm AN
MHZ dB
30 11,0 24,1 41,7
35 8.8 21,6 39,1
40 7,0 19,4 36,8
45 5.5 17,5 34,7
50 4.2 15,9 32,9
60 2,2 13,1 29,8
70 0,6 10,9 27.2
80 0,7 9.2 24,9
90 -1,8 7,8 23,0
100 —238 6,7 212
120 —44 5,0 18,2
140 -5,8 3,5 15,8
160 - 6,7 2,3 13,8
180 - 17,2 1,2 12,0
200 - 8,4 0,3 10,6
250 10,6 —1,7 7.8
300 12,3 ~33 6.1
400 - 14,9 - 5,8 3,5
500 16,7 ~76 1.6
600 —18,3 9.3 0
700 - 19,7 — 10,6 -1,4
800 20,8 ~11,8 ~95
900 -21,8 -12,9 -3,5
1 000 — 22,7 - 13,8 —4,5
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Table 17 — Normalized site attenuation?
(recommended geometries for broadband antennas)
Polarization Horizontal Horizontal Horizontal Vertical Vertical Vertical Vertical
R 3m 10 m 30 m 3m 3m 10 m 30 m
h; 1m 1m 1m 1m 1,5 m 1m 1m
hy Imto4m Imto4m Imto4m Imto4dm | Imto4dm | Imto4dm | 1mto4dm
fm AN
MHZ dB
30 15,8 29,8 47,8 8,2 9,3 16,7 26,0
35 13,4 27,1 45,1 6,9 8,0 15,4 24,7
40 11,3 24,9 42,8 5,8 7.0 14,2 23,5
45 9,4 22,9 40,8 4,9 6,1 13,2 22,5
50 7,8 21,1 38,9 4,0 5,4 12,3 21,6
60 5,0 18,0 35,8 2.6 41 10,7 20
70 2,8 15,5 33,1 1,5 3,2 9,4 18,7
80 0,9 13,3 30,8 0,6 2,6 8,3 17,5
90 ~0,7 11,4 28,8 0,1 2.1 7.3 16,5
100 -2,0 9,7 27 -0,7 1,9 6,4 15,6
120 —-4,2 7,0 23,9 -1,5 1,3 4,9 14,0
140 ~6,0 4,8 21,2 18 15 3,7 12,7
160 - 7,4 3,1 19 -1,7 - 3,7 2,6 11,5
180 - 8,6 1,7 17 -1,3 -5,3 1,8 10,5
200 —96 0,6 15,3 36 —6,7 1,0 9,6
250 -11,7 -1,6 11,6 =7,7 -9,1 -0,5 7,7
300 -12,8 -3,3 8,8 -10,5 -10,9 -1,5 6,2
400 — 14,8 ~5,9 4,6 —14,0 —12,6 —41 3,9
500 -17,3 -17,9 1,8 - 16,4 —-15,1 - 6,7 21
600 -19,1 -9,5 0 -16,3 -16,9 - 8,7 0,8
700 ~20,6 10,8 ~13 — 18,4 18,4 ~10,2 ~0,3
800 — 21,3 12,0 —25 ~20,0 ~19,3 115 —11
900 — 9225 —12,8 35 — 21,3 20,4 12,6 1,7
1000 —235 13,8 44 —922.4 —21,4 13,6 35
aThis data applies to antennas that have at least 25 cm of ground plane clearance when the centre of the antennas is 1 m above
the ground plane in vertical polarization.

17 Reverberating chamber for total radiated power measurement

For some types of equipment operating in the microwave frequency range, because of the existence of
complex three-dimensional radiation patterns which are sensitive to equipment operating conditions and
its surroundings, the measurement of total radiated power is considered to be a significant parameter
related to disturbance control. It can be measured by placing the equipment in a suitable chamber with
metal walls. To avoid effects of standing waves that would otherwise produce non-uniform distribution of
energy density with position in the chamber, rotating stirrers are installed. With proper size, shape and
position, the energy density at any position in the chamber varies randomly with a constant statistical
distribution law in phase, amplitude and polarization.
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17.1 Chamber
17.1.1 Size and shape

The linear dimensions of the chamber shall be large relative to the wavelength of the lowest frequency of
interest. It shall also be large enough to accommodate the equipment under test, the stirrers and the
measuring antennas. Microwave equipment varies in size from the small table top oven having a volume
of about 0,2 m?® to large units 1,7 m high with a 760 mm base. The chamber may be of any shape provided
its three dimensions are of the same order. The three dimensions should ?referably be different. For a
lowest frequency of 1 GHz, the chamber shall have a volume at least 8 m°. The actual dimensions will
depend on the physical characteristics of the chamber. See 17.1.4 for method of test of the suitability of the
chamber.

The walls and the stirrers shall be metallic. Joints between the metallic members shall be mechanically
sound and of low electrical resistance along the whole length, and there shall be no surface corrosion. No
absorbing material, such as wood, shall be placed inside the chamber.

17.1.2 Door, openings in walls, and mounting brackets

The enclosure door shall be large enough to allow the passage of operators and equipment. It shall open
outward, and fit tightly to minimize energy losses. For convenience in mounting, transmitting and
receiving antennas inside the chamber, mounting brackets may be fixed to the walls.

17.1.3 Stirrers

The following describes two examples of stirrers. Other shapes are permissible provided stirring efficiency
meets the criteria in 17.1.4.

17.1.3.1 Rotating vanes

If rotating vanes are used, two vanes are placed on adjacent walls of the chamber spaced at least 1/4 of the
maximum wavelength used from the walls and of sufficient thickness to be rigid. They shall be of the
maximum length allowed by the wall sizes and their width shall be about 1/5 of the length.

17.1.3.2 Rotating paddles

If rotating paddles are used, two or three paddles are mounted on the walls of the chamber. The paddles
shall be mutually at right angles. The paddles may be of the shape shown in Figure 18 and rotate about an
axis parallel to their length. The diameter of the swept tubular space shall be at least equal to the
maximum wavelength used, and the lengths shall be the maximum allowed by the wall sizes. The structure
shall be rigid.

17.1.3.3 Rotating speed

The rotation speeds of the stirrers shall be different. The longest time for one rotation of the stirrers shall
be less than 1/5 of the integrating time of the measuring instrument. For the measuring equipment
described in 17.1.5, a suitable rate is between 50 rev/min and 200 rev/min. The motors used to rotate the
stirrers, together with their reduction gear, should preferably be outside the walls of the chamber.

17.1.4 Test for the efficiency of the stirrers

The desired uniform distribution of energy in the chamber is shown by the smoothness of the variation with
frequency of coupling attenuation (described in 17.1.5). At low frequencies, due to the longer wavelengths,
it is more difficult to achieve this uniformity and there exist pronounced maxima and minima. The greater
the efficiency of the stirrers the smaller are these maxima and minima and hence the usable frequency is
lower.

The coupling attenuation is measured over the usable frequency range of the chamber. At the lower
frequencies where the maxima and minima are observable, values shall be measured at about 100 MHz
intervals. The receiving antenna then remains fixed, the transmitting antenna is rotated at 45-degree
intervals and the test is repeated for each position and at each frequency. The whole test shall be repeated
again with the receiving antenna rotated at 90 degrees. The stirrers are considered satisfactory

when: (1) the envelope of the graph of the maxima and the minima does not exceed 2 dB in any position of
the transmitting antenna, and, (2) the means of the four graphs are within an envelope of 2 dB or less.
Figure 19 shows a typical result.

Documents
Document Sharing Et’b

© BSI 06-1999

Full document details: BS CISPR 16-1:1998


http://www.avadocuments.com/doc/bs-cispr-16-1-1998
http://www.avadocuments.com/doc/bs-cispr-16-1-1998

