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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

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

FOREWORD

all national electrotechnical committees (IEC National Committees).
international co-operation on all questions concerning standardization in %
this end and in addition to other activities, IEC publishes Internati
Technical Reports, Publicly Available Specmcatlons (PAS) and
Publication(s)”). Their preparat|on is entrusted to techmcal compmitt

onic fields. To
ot Specifications,
eferred to as “IEC
ommittee interested
al, governmental and non-

governmental organizations liaising with the IEC also partidipate— i i IEC collaborates closely

with the International Organization for Standardization a il conditions determined by
agreement between the two organizations

2) The formal decisions or agreements of IEGon t& X SNn€arly as possible, an international
consensus of opinion on the relevant subje 3{nCe technjcal committee has representation from all

interested IEC National Committees.

eir’national and regional publications. Any divergence
ational or regional publication shall be clearly indicated in

pte its approval and cannot be rendered responsible for any
i IEC Publication.

2 , whether direct or indirect, or for costs (including legal fees) and
expenses ahsii & publication, use of, or reliance upon, this IEC Publication or any other IEC
Publicatiors.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable-for the cgtrect application of this publication.

9) Attention, is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patentrights. IEC shall not be held responsible for identifying any or all such patent rights.

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

Thic cancalidatad varcion ~Ff f"IQDD 42 4 1 conaicta af tha cncanA ~Aditi~An (DONNAY TAA~ LN ANER
rTImTo UUTTOUTITUU TUU ' VOTOTUVUIT UT T UTUT LA VACARECAEe AT R VAR R AVIEEe AVA VAU A B AV IRA VAV R RS AW ) | | \LUUU} LU\JUUIII\JIIlO
CISPR/A/642/FDIS and CISPR/A/651/RVD] and its amendment1 (2006) [documents

CISPR/A/647/CDV and CISPR/A/686/RVC].

The technical content is therefore identical to the base edition and its amendment and has
been prepared for user convenience.
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It bears the edition number 2.1.

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

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

The CISPR 16 series, published under the general title Specification for radio disturbance and
immunity measuring apparatus and methods, consists of Parts 1, 2, 3 and 4, each of which-is
further subdivided into parts:

- measurement instrumentation specifications are given in the five parts of- €ISPR 16-1;

- methods of measurement are covered in the four parts of CISPR 162

in general are given in CISPR 16-3;

- information related to uncertainties, statistics and
CISPR 16-4.

CISPR 16-1 consists of the following parts, under the
disturbance and immunity measuring apparatus g
immunity measuring apparatus:

e Part 1-1: Measuring apparatus

e Part 1-4: Ancillary equipxpent —

e Part 1-5: Antenna calib

e base publication and its amendments will
sult date indicated on the IEC web site under
"http://webstore.i ; elated to the specific publication. At this date,
the publication will

* reconfirmed,

edition, or
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

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

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, curfénts and
fields in the frequency range 9 kHz to 18 GHz. In addition, requireménts are specified for
specialized equipment for discontinuous disturbance measuremerys. requirements
include the measurement of broadband and narrowband types of ra¢ i

The receiver types covered include the following:

a
b
c
d

) the quasi-peak measuring receiver,
) the peak measuring receiver,

) the average measuring receiver,
) the r.m.s. measuring receiver.

The requirements of this publication shalkbe i all frequencies and for all levels
of radio disturbance voltages, currents strengths within the CISPR indicating
range of the measuring equipment.

is given in Part 3 of . c ati atistics and limit modelling are covered in

Part 4 of CISPR 1?.

The following ents are indispensable for the application of this document
For dated referen ke edition cited applies. For undated references, the latest edition
of the re

IEC 60050-164. ternational Electrotechnical Vocabulary (IEV) — Chapter 161:

AmendmentA1 (1997
Amendment 2 (1998)

CISPR 11:2003, Industrial, scientific and medical (ISM) radio-frequency equipment — Electro-
magnetic disturbance characteristics — Limits and methods of measurement

CISPR14-172005, Efectromagnetic compatibility — Requirements for household appiiances,
electric tools and similar apparatus — Part 1: Emission
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CISPR 16-3:2003, Specification for radio disturbance and Immunity measuring apparatus and
methods — Part 3: CISPR technical reports

BIPM / IEC / IFCC / ISO / IUPAC / IUPAP / OIML:1993, International vocabulary of basic and
general terms in metrology

3 Terms and definitions

For the purpose of this document, the following definitions apply. Also see IEC 60050(164)
and the International vocabulary of basic and general terms in metrology.

3.1
bandwidth
Bn
the width of the overall selectivity curve of the receiver betwe
attenuation, below the midband response. The bandwidth is repre
where n is the stated attenuation in decibels.

3.2
impulse bandwidth

Bimp

where

A(t)max is the peak of the envelope at\the
applied at the receiver input;

Go is the gain of the circuit at the cen%arq
Specifically for two critica tra

where Q

Bg and B3 are respe€s
further informatio

iver with an impulse area IS

3.3

impulse are
1S
the impulse~e imes called impulse strength, IS) is the voltage-time area of a pulse

+oo
IS = IV(t) dt (expressed in uVs or dB(uVs))

co

NOTE Spectral density (D) is related to impulse area and expressed in uV/MHz or dB(uV/MHz). For rectangular
impulses of pulse duration T at frequencies f << 1/T, the relationship D (uV/MHz) = x/§><106 IS (uVs) applies.

3.4

electrical charge time constant

Tc

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
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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 0,63 D. The duration of this signal is equal to
the charge time of the detector.

3.5
electrical discharge time constant
Tp
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 consta stead of a signal
being applied for a limited time, the signal is interrupted for a definite time. The ti R
to 0,37 D is the discharge time constant of the detector.

3.6
mechanical time constant of a critically damped indica
Twm

where
T, is the period of free oscillation of the amping removed.

of the system may be written as:
o = ki

where

o is the deflection;

i is the current through th
k is a constant.

phot be measured, the damping is adjusted to be just below critical such that
an 5 % and the moment of inertia of the movement is such that o.T = 0,350(,54-

3.7
overload factor
the ratio_of the level that corresponds to the range of practical linear function of a circuit (or a
grouplof* 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 CII'CUIt (or group of CIrCUItS) does

of the CII’CUIt (or group of circuits).

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)
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3.9

CISPR indicating range

it is the range specified by the manufacturer which gives the maximum and the minimum
meter indications within which the receiver meets the requirements of this section of
CISPR 16

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'WMHz
to 1 000 MHz (band D).

4.1 Input impedance

The input circuit of measuring receivers shall be unbalanced
within the CISPR indicating range, the input impedance shall be
not to exceed 2,0 to 1 when the RF attenuation is 0 and
10 dB or greater.

Symmetric input impedance in the frequency rang
measurements a balanced input transformer is qput impedance for the
frequency range 9 kHz to 150 kHz jnput impedance may be
incorporated either in the relevant sy atri ficiakinetwork“necessary to couple to the

Frequency band

Charactefjsti \/ Band A Band B Bands C and D
kHz to 150 kHz 0,15 MHz to 30 MHz 30 MHz to 1 000 MHz

Bandwidth at th 0,20 9 120

Bg in kHz/\

Detector ele |ca\§ar \ﬁm\) 45 1 1
constant, in ms

Detector electrical dIS rge time 500 160 550
constant, inms

Mechanical time constant of critically 160 160 100
damped indicating instrument, in ms

Overload factor of circuits preceding 24 30 43,5
the' detector, in dB

Overload-factorof-the-d-c—amplifier 6 12 6

between detector and indicating
instrument, in dB

NOTE 1 The definition of mechanical time constant (see 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 4.4
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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 resistance source impedance.

4.4 Response to pulses

NOTE Annexes B and C describe methods for determining the output characteristics of a pulse generator 1or use
in testing the requirements of this subclause.

4.41 Amplitude relationship (absolute calibration)

level.

Frequency range /\{) HM N l{) Mé\) N

9 kHz to 150 kHz 13,\1 \%5 / 25
0,15 MHz to 30 MHz /A 0,31%\ \30 100

30 MHz to 300 MHz \ (0,084 N \9&) 100
300 MHz to 1 @obw\zf\
N
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Figure 1c — Pulse response curve (Bands C and D)
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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

. Relative equivalent level in dB of pulse for stated band
Repetition
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
1000 Note 4 -4,5+1,0 -8,0+1,0 -8,0£1,0
100 -40+1,0 0 (ref.) 0 (ref.) 0 (ref.)
60 -3,0+1,0 - - ~
25 0 (ref.) - - /\ A
20 - +6,5+ 1,0 +9,0 £ 1({\ \\{{0 +3,0
10 +4,0+ 1,0 +10,0+£ 1,5 +14,0/1_‘\1\,Q }%MS
5 +7,5+1,0 - = \\\ \/—
2 +13,0 £ 2,0 +20,5+ 2,0 <+~2Q,0_ O\ > +26,0 £ 2,0*
1 +17,0 £ 2,0 +22,5+2,0 +28,5 £ 2,0*
Isolated pulse +19,0 £ 2,0 +23,5+2,0 A\ +31,5+ 2,0

NOTE 1 The influence of the receiver characigni nsidered in Annex D.

with an input matched to the cali
than the pulse repetition freg
of the spectrum.

NOTE 4 It is not poSsi
of the overlapping & 5

NOTE 5 Annex A dealg’with\thé'x i
NOTE 6 The pulsg/resp siricted due to overload at the input to the receiver at frequencies above
300 MHz. The values\smarked\with,'an asterisk (*) in the table are optional and are not essential.

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

NOTE For the measurement of equipment that requires higher selectivity at the transition between 130 kHz and
150 kHz (e.g. mains signalling equipment as defined in EN 50065-1/A2), a highpass filter may be added in front of
the measuring receiver to achieve the following combined selectivity of CISPR measuring receiver and highpass
filter:
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Frequency Relative attenuation
kHz dB
150 <1
146 <6
145 >6
140 >34
130 >81

4.5.2 Intermediate frequency rejection ratio

frequency that produces the same indication of the measuring
40 dB. Where more than one intermediate frequency is used, tt
each intermediate frequency.

4.5.3 Image frequency rejection ratio
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Figure 2a — Limits of overall selectivity — pass-band
(see 451,55 65 75) (Band A)
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Relative input for constant output dB

—e— Max. bandwidth

8 —@— Min. bandwidth
\ /

H4 kHz/6 dB Pi— 45 kHz/6 dB

Relative input for constapt output dB

A 3
2 kHz/
1,5dB
® ¢ T
-10-9 8 76 -5-4-3-2-10 1 2 3 4 5 6/7T~8\9
—Af kHz off mid-band

Figure 2b — Limits of overall sele
pass band (see 4.5.1, 5.5, 6.5,(7.5) (Band

—8— Min. bandwidth

X u N A s »
18 SUA S S
N
AN DN N
. ﬁ M
, (1\3\ I
( +— Max. bandwidth
8.
< NN
N\ N =50 kHz/6 F47O kHz/6 dB
NAEWAN pd
3
N\ \ N |
20 kHz/1,5 dB
\ AN
SEAN -15dB
-2
—140 £120 -M 60 —40 -20 0 20 40 60 80 100 120 140
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Figure 2c — Limits of overall selectivity —
passband (see 4.5.1, 5.5, 6.5, 7.5) Bands (C and D)

Figure 2 — Limits of overall selectivity
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4.5.4 Other spurious responses

The ratio of the input sine-wave voltage at frequencies other than those specified in 4.5.2 and
4.5.3 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:

iy (= i and (k) (7o)

m, n, k are integers;

fL is the local oscillator frequency;
fi is the intermediate frequency;
fo is the tuned frequency.

4.6 Limitation of intermodulation effects

The response of the measuring recei
when tested as follows.

Arrange the apparatus as shown in
stantially uniform up to frequency

Sine-wave generator

frequency f <\ \\
RNAN
AN Tl

Filter, attenuation
40 dB at f

G - D g
a

Receiver tuned to f

Pulse generator

IEC 1297/99

Responses:
A1g = 024
Oqp = Oq1g — 40 dB
Olop = Oog — 36 dB

Figure 3 — Arrangement for testing intermodulation effects
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Table 4 — Bandwidth characteristics for intermodulation 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
U MHz 10 300 MHz (band C) 000 Z2 000 500 000
300 MHz to 1 000 MHz (band D) 500 6 000 1 000 2 000

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 the other bands.

With the pulse generator connected as described above, swit
introduce attenuation of not less than 36 dB.

4.7 Limitation of receiver noise and internally genera

4.7.1 Random noise

. By reducing the signal level S, the
dB from the linear characteristic.

any signal input
in the i.f. ampli

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.
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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 Teads (e.g. mains and inpuf 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 electrd hall differ

by not more than 1 dB from the meter indication when the field is.abs

4.81 Limitation of radio-frequency emissions from the

4.8.1.1 Conducted emissions

limits for class B_equ
1000 MHz. The
of the same publicatiof

apply.

control).

4.9 Facilities onnection 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.
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5 Measuring receivers with peak detector
for the frequency range 9 kHz to 18 GHz

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

Specirum analyzers, that meet the requirements oi this clause can be used for compliance
measurements.

5.1 Input impedance

The input port of the measuring receivers shall be unbalanced. For rece Qntrol |settings
within the CISPR indicating range, the nominal input impedance shal ) ith a VSWR
not to exceed the values in Table 5.

Table 5 — VSWR requirements for receiver i

Frequency range | RF attenuation ¢ VW

9 kHz to 1 GHz 0( ﬁ 2,

9 kHz to 1 GHz (z\\o\// to\t\

1 GHz to 18(GH {‘q) (‘s,o)oﬁ/
1 GHz to 18 GHz 210N 2,046 1

NKHZ to 30 MHz: a balanced input

Table 6 — Bandwidth requirements

Erequency range Bandwidth Bg Reference BW
9 kHz to 150 kHz (Band A) 100 Hz to 300 Hz 200 Hz (Bg)
0,45 MHz to 30 MHz (Band B) 8 kHz to 10 kHz @ 9 kHz (Bg)
30 MHz to 1000 MHz (Bands C and D) 100 kHz to 500 kHz a 120 kHz (Bg)
1 GHz to 18 GHz (Band E) 300 kHz to 2 MHz @ 1 MHz b (Bjnp)

a 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 "in a 1 MHz
bandwidth", calculated by dividing the measured value by the impulse bandwidth in MHz (see 3.2). For other
types of broadband disturbance, this procedure may introduce an error. In case of dispute, data measured with
the reference bandwidth shall take precedence.

b The bandwidth selected shall be defined as the impulse bandwidth of the measuring receiver with a tolerance
of #10% .



https://iecnorm.com/api/?name=50ab2baeb04ffac578df64062aedf175

CISPR 16-1-1 © IEC:2006+A1:2006 -43 -

5.2.2 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 ratio of discharge time constant to charge time constant shall be equal to or
greater than the following values:

a) 1,89 x 104 in the frequency range 9 kHz to 150 kHz

B) 1,25 x 100 in the frequency range 150 KHz to 30 MHZ
c) 1,67 x 107 in the frequency range 30 MHz to 1 000 MHz
d) 1,34 x 108 in the frequency range 1 GHz to 18 GHz

If the test receiver has a peak-hold capability, the hold time shall be &
between 30 ms and 3 s.

set to a value greater than or equal to the re
measurements, the result can be read from the spe

other types of measuring receivers.
need be only a little larger_than unit

value of 2 m\_J66~dB()V)]. The source impedances of both the pulse generator and the signal
generator,_shall be the same. The pulses shall have a uniform spectrum according to Table 2.
A toleranee of £1,5 dB is permitted in the sine-wave voltage level, and this is a requirement
for athpulse repetition frequencies for which no overlapping pulses occur at the output of the
IFamplifier.

NOTE 1 Annexes B and C describe methods for determining the output characteristics of pulse generators for use
in testing for 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 7.
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Table 7 — Relative pulse response of peak and quasi-peak measuring receivers
for the same bandwidth (frequency range 9 kHz to 1 000 MHz)

Ratio peak/quasi-peak (dB)
Frequency IS Bimp for pulse repetition rate
mVs Hz 25 Hz 100 Hz
Band A 6.67 x 10-3 021 x 103 6.1 -
Band B 0,148 x 10-3 9,45 x 103 - 6.6
Bands C and D 0,011 x 10-3 126,0 x 103 - 12,0
NOTE The pulse response is based on the use of the reference bandwidth only (see Table 6).

Above 1 GHz, the required impulse strength is defined using a puls arrier at the
frequency of test, since pulse generators with a uniform spegtrun G are not
feasible. (See Clause E.6)

5.5 Selectivity

in Figures 2a, 2b and 2c, these selectivity curves S neasuring receivers in regard
to shape only, and the frequency axis shg corgingly. For example, Bg/2
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The curve representing the overall selectivity of the measuring receiver reference bandwidth
for band E shall lie within the limits of Figure 8.

< - ‘ P 71,35 MHz/20 dB
\ ‘ /
18 /
\ /
m \ /
©
= \ 13 /
5 3
o
8 \ / AN
2]
: *\\ ~045/9 d » . /‘1{9 B \%._ Max,_bandWidth
5 ~ \ 1| / r K —={ Wi bandwidth
5 ‘*—0,375/6 dB ##—0,55 MHz/6 dB
3 R
£ \ | /| \>
2 3
: o o213
14 \) </ X
. 4 & 1 e \/
2

-14 -12 -1 -08 06 04 -02 0 02 040, ,8
—Af

NOTE 1 S in the~diagram, as the related filter attenuation
depends on the type of the filter. Therefore bgtnds for and the 9-dB bandwidths have been given for
orientation.

NOTE 2 The limits for the ove edvfrom equipment being in use at the time of

Figure 8 y ‘ all selectivity — pass band (Band E)
5.6 Intermodulatio ‘ i oise, and screening

For the frequen ) - Az, the requirements stated in 4.6, 4.7 and 4.8 apply.
Subclauses 4 y

- Preseletctjon fi or Band E: when measuring low level spurious signals in the presence
of a ‘strong fundamental signal for certain equipment-under-test, insert a filter at the
measuring receiver’s input (internally or externally) which provides adequate attenuation
at'the fundamental frequency to protect the input circuits of the receiver from overload and
damage and to prevent the generation of harmonic and intermodulation signals.

NOTE 1 30 dB filter attenuation at the fundamental frequency of the equipment-under-test is normally adequate.

NOTE 2 Several filters may be required to deal with more than one fundamental frequency.

Requirements for screening effectiveness, that is, the immunity to high ambient radiated
disturbances, are under consideration.
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6 Measuring receivers with average detector
for the frequency range 9 kHz to 18 GHz

Average measuring receivers are generally not used for the measurement of impulsive
disturbance. 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
nnnnnnnnnnnnnnn bhan olona OO eOora-o—OEo amo __aconoln at ailthao mao. o

1o d le _$o hl tad h ads o
to—meastfre—harrowbaha ST tO— O v eTC O C—PTroOoTC IO oo ooTTatC T WHA—eHRer—moattaton

content or the presence of broadband noise.

Spectrum analyzers that meet the requirements of this clause can be used for compliance
measurements.

6.1 Input impedance

required to couple to the receiver or, optignall

6.2 Fundamental characteristics
6.2.1 Bandwidth

The bandwidths shall lie able 8.

idth requirements

N
FreqM/o\j\t{\ga\ \ > Bandwidth Bg Reference BW
9 kHz to 150 kyﬁ\wdh\ \ 100 Hz to 300 Hz 200 Hz (By)
150 kHz to/s\w }\?N\ 8 kHz to 10 kHz a 9 kHz (Bg)
30 MHz t& OOWB\a@s%\ang}o 100 kHz to 500 kHz 2 120 kHz (By)
2108 52 E)\ 300 kHz to 2 MHz @ 1 MHZb (B,n,)

a The je}kof Mh is discussed in Clause E.1. If a bandwidth other than the reference BW is
used, this.bandwidth shall be stated when the disturbance level is reported.

b The\bandwidth selected shall be defined as in Table 6.

6.2.2 ) 'Overload factor

For receivers with average detectors, the overload factor for circuits preceding the detector at
a pulse repetition rate of n Hz shall be Bjyp/n, with By, in Hz.

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.

NOTE With this type of receiver, in general, it is not 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).
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6.3 Sine-wave voltage accuracy

The accuracy of sine-wave voltage measurement shall be better than +2 dB (+ 2,5 dB above
1 GHz) when the receiver is fed with a sine-wave signal at 50 Q resistive source impedance.

6.4 Response to pulses

NOTE—ANNEXes B and C 0escribe methods for determimning the output characterisics of puisSe generators for use
in testing the requirements of this clause in the frequency range below 1 GHz.

6.4.1 Amplitude relationship

Up to 1 000 MHz, the average detector is defined as follows (linear average): the response of
the measuring receiver to pulses of repetition rate n Hz and impulse arga|of 1,4/nmVs emf at

Rati q\qfs))peaklaverage indications (dB)
Frequency range or pulse repetition rate
measuring receiv
284z 00 Hz 500 Hz 1000 Hz | 5000 Hz

9 kHz to 150 kHz (Band A) \12\4\

0,15 MHz to 30 Ml—(@apd}) 2 \/ (32,9) 22,9 (17,4)
30 MHz to 1 000 MH}éﬁs\\&@Qd B)\ > (38,1) 26,3

NOTE 1: The pulse rg€sponse iskased on the Wse of the reference bandwidth only (see Table 8).
NOTE 2: Values/in\pa entheses ‘areNor infofmation only.

N\ N\

For the lingasaver detector, the response of the measuring receiver to pulses of repetition
rate n Hz\and impulse area of 1,4/n mVs emf at 50 Q source impedance shall be equal to the
response of an unmodulated sine-wave signal at the tuned frequency having an emf of rms
value ) of 2 mV [66 dB(uV)]. The pulse shall be defined as a pulse-modulated carrier. The
value of n shall be 50 000. A tolerance of £1,5 dB is permitted on the sine-wave voltage level.

| PN | arithoin oy aron neao—af-th AOQiirina ranaiv o ]

th oL H dotoacntar th recn. . o nulcac
LEAA] are I\Jsalllllllll\.l GVUIUHU Jdoiouiur, aTre IUD'JUIIOU Ul uare IIIUGDUIIIIB LAYAYAYI R Av] | v HUIOUO
repetition rate 333 kHz (inverse of period 3 us) and impulse area of 6,7 nVs emf at 50
source impedance shall be equal to the response of an unmodulated sine-wave signal at the
tuned frequency having an c with rms value of 2 mV [66 dB(uV)]. A tolerance of +4 dB is

o 9,
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allowed on the sine-wave voltage level (the 10% tolerance of the bandwidth causes a possible
variation of approximately £2,5 dB).

For further details, see Clause E.6

NOTE 1 Average detection can be achieved with spectrum analyzers operated with a video bandwidth B,yeo <<
Biesor in order to achieve proper averaging based on the repetition frequency of the measured signal. For
measurements based on a reduction of the video bandwidth, ensure the scanning time is sufficiently long to allow

the video filter to respond correctly.

NOTE 2 For average (weighted) measurements in the linear mode, the result will correspond to the average level
of the measured signal. If the logarithmic mode is used, the result will correspond to the average of the logarithmic
values of the measured signal. Thus, for a square-wave signal taking alternatively the values 20 dB(g\\)-and
60 dB(uV), the level obtained in the logarithmic mode is 40 dB(pV), whereas in the linear_mode, thé™level of
54,1 dB(pV) represents the true average value of the signal.

6.4.2 Variation with repetition frequency

detector shall be such that, for a constant indication
relationship between amplitude and repetition frequency 4
rule:

repetition frequency to a frequer
considerations.

following values:
LIogAv is the level indicatde
Tp is the pulse duratig
Lp is pulse le dB(
N is the duration’o

LN is noise leve

then the following~appre onship applies:

To +Ty )

LIogAv =(

Example: if the\'p evel Lp is 85dB(uV) and the noise level Ly is 8dB(uv), Tp = 1/Bimp =
1 us, the pulsé rate n 00 000, then Ty = 9 us. From this equation, L|5qay = 15,7 dB(UV). In reality, Ligqay iS
higher because’Tp is higher, because the pulse signal at the IF output does not drop to noise level immegiately
after 1 us®

A tolerance is under consideration.

6.4.3 Response to intermittent, unsteady and drifting narrowband disturbances

The response to intermittent, unsteady and drifting narrowband disturbances shall be such
that the measurement result is equivalent to the peak reading of a meter with a time constant
of 160 ms for bands A and B and of 100 ms for bands C and D, as depicted in Figure 5. The
time constant is as defined in A.3.1. This can be accomplished by a meter simulating network
following the envelope detector of the receiver. The peak reading may be taken, for example,
by continuous monitoring of the meter output using an A/D converter and a microprocessor,
as shown in Figure 4.
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Envel Meter A Mi
nvelope simulating Icro-
detector [P network [ 5 {€&—> processor

IEC 1912/02

Figure 4 — Block diagram of an average detector.

For band E, the meter time constant for the linear average detector is 100 ms. For thé
logarithmic average detector, the requirement is under consideration.

shallryield the
maximum reading listed in Table 10 for a radiofrequency sine-wave ing alnmodulated
with repeated rectangular pulses having the duration and period ixd e table. A

Repeated rectangular Band A/B receiver WD receiver
pulses for modulation Tu = 0,1}5,3\ ;7 N 1 =01s

Duration =Ty, \)
0,358 ( £-9,0 dB) 0,353 (=-9,0 dB)
Period = 1,6 s

NOTE In band E, this applies for the/n’r%ar a\kQ dezéc\tor only.

)

IEC 1913/02

NOTE The response to intermittent narrowband disturbances may be defined for the logarithmic average detector
operating with a certain video bandwidth, for example, 10 Hz, and the maximum hold function of the spectrum
display.

NOTE The response shown is caused by an intermittent narrowband signal with a duration of 0,3 s and a
repetition frequency of 1 Hz, when a time constant of 100 ms is used. If the time constant is 160 ms, the peaks at
the output of the meter simulating network will be lower.

Figure 5 — Response of the meter simulating network
to an intermittent narrowband signal
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6.5 Selectivity

For receivers with a bandwidth of 200 Hz (for the 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 Figures 2a and 2b, respectively. For receivers with a bandwidth of
120 kHz (for the 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, Figures 2a, 2b and 2c

et

representing the overall selectivity of the measuring receiver reference bandwidth for band E
shall lie within the limits of Figure 8.

The requirements of 4.5.2, 4.5.3 and 4.5.4 apply.

NOTE For the measurement of equipment that requires higher selectivity at the transitipn between, 130 kHz and

highpass filter:

Frequency Relative attenuation
kHz d/B/\ N
150 20\
146 /<6 >
NUEDY
AENCAN
130 (e |

The measuring receiver in conjunction with the enshodld fulfil the requirements of this standard.

6.6 Intermodulation effects, rg i reening

The requirements stat

7 Measuring r;c z

Spectrum a
measurements

71 Inpu

The input portof asuring receiver 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'the values stated in Table 5.

Symmetric (balanced) input impedance in the frequency range 9 kHz to 30 MHz: use a
balanced input transformer for symmetrical (that is, ungrounded) measurements. (The

nrafarraed innut imnedance for tha fraauanecyv ranaa Q KkH- t~ 1580 kH-—> ic 6800 O\ Thic
pret+eHea—Hput & ro—the—Hequehnc =hRge Z—t0— 1o KFt—15—B9u—=2+)

LLRRE —A-A- A L R A-Ad < Yy ARAY N T

symmetric input impedance may be incorporated either in the relevant symmetrical artificial
network required to couple to the receiver or, optionally, in the measuring receiver itself.

1) EN 50065-1 :2001, Signalling on low-voltage electrical installations in the frequency range 3 kHz to 148,5 kHz —
Part 1: General requirements, frequency bands and electromagnetic disturbances
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7.2 Fundamental characteristics
7.21 Bandwidth

The bandwidth shall lie within the values shown in Table 11:

Table 11 — Bandwidth requirements

Frequency range Bandwidth Bg Reference BW
9 kHz to 150 kHz (Band A) 100 Hz to 300 Hz @ 200 Hz (Bg)
150 kHz to 30 MHz (Band B) 8 kHz to 10 kHz 2 9 kHz (Bg)
30 MHz to 1 000 MHz (Bands C and D) 100 kHz to 500 kHz a 12@)
1 GHz to 18 GHz (Band E) 300 kHz to 2 MHz @ Q/I\NIZ Mmp)
a The subject of bandwidth is discussed in Annex E, clause E.1. If a $andwidth othier\thanthe

reference BW is used, the bandwidth shall be stated when the disturbance level i repo\ec\>
b The bandwidth selected shall be defined as in Table 6. {@\\\g
N

7.2.2 Overload factor

NOTE 1 With this type of detector, in general, %t wi t 2§ Si o_ptovide a sufficient overload factor to
prevent non-linear operation of the instrument 3 5

7.3 Sine-wave voltage\a

The accuracy o
1 GHz) when the reg

NOTE Anpexes & i thods for determining the output characteristics of pulse generators for use
s clause in the frequency range below 1 GHz.

7.4.1 Amplitude rejationship

Up to 1,000 MHz, the rms detector is defined as follows: the response of the measuring receiver
for BandA to pulses of impulse area [278 (B3)-12] uVs emf (with B3 in Hz) 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 tuned frequencies, be equal to the
response to an unmodulated sine-wave signal at the tuned frequency having an emf with rms
value of 2 mV [66 dB(uV)]

For the measuring receivers for Bands B, C and D, the corresponding values are
[139 (B3~1/2)] uVs (with B3 in Hz) and 100 Hz. The source impedances of both the pulse
generator and the signal generator shall be the same. A tolerance of +1,5 dB is permitted in
the sine-wave voltage levels prescribed above.

NOTE Annex A describes the calculation for the pulse response of the rms detector. At a repetition frequency of
25 Hz and 100 Hz, respectively, the relationship between the indications of an rms and a quasi-peak measuring
receiver of the same bandwidth is given in Table 12.
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Table 12 — Relative pulse response of rms and quasi-peak measuring receivers

Frequency range of Pulse repetition range Ratio quasi-peak/rms
measuring receiver indications
Hz dB
9 kHz to 150 kHz (Band A) 25 4,2
6-+5-MHz—te-30-MH=—(BandBy 166 43
30 MHz to 1 000 MHz (Bands C and D) 100 20,1
NOTE: The pulse response is based on the use of the reference bandwidth only (see Table 11).

carrier. For further details, see Clause E.6.

7.4.2 Variation with repetition frequency

The response curve for a particular re eiveg
Table ns

measuring receiver

Repetition k\/x \\\a\ Mnt level of pulse in (dB)
frequency
Hz nd A and B Bands C and D Band E
100 k /\\ < O\ \/'\ - 20 + 2
10 k \ X P4 2020 10 £ 1
100 R NN D —10+1,0 10+ 1,0 0 (ref.)
/700 \\ —6\»\0 6 0 (ref.) 0 (ref.) +10 1,0
\zﬁ\\ £) +6 40,6 +6+0,6 -
20 >+1 +0,7 +7 10,7 +7 10,7 -
10 +4 +1,0 +10+ 1,0 +10 + 2,0 -
2 +11+1,7 +17 +£1,7 - -
1 +14+2,0 +20+ 2,0 - -
7-5— Setectivity

Because the bandwidth requirements stated in 7.2.1 allow variations from the bandwidths
given in Figures 2a, 2b and 2c, these selectivity curves apply to rms measuring receivers in
regards to shape only, and the frequency axis shall be scaled accordingly. For example, Bg/2
corresponds to 100 Hz in Figure 2a. The curve representing the overall selectivity of the
measuring receiver reference bandwidth for band E shall lie within the limits of Figure 8.

The requirements stated in 4.5.2, 4.5.3 and 4.5.4 apply.
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7.6 Intermodulation effects, receiver noise, and screening

The requirements stated in 5.6 apply.

8 Measuring receivers for the frequency range 1 GHz to 18 GHz with amplitude
probability distribution (APD) measuring function

APD of disturbance is defined as the cumulative distribution of the “probability of time that the
amplitude of disturbance exceeds a specified level”.

APD can be measured at the output of the envelope detector or the succe
RF measuring receiver or a spectrum analyzer The amplitude of disf

|ng circuits~of an

The APD measuring function can be implemented usi
uses comparators and counters (Figure G.1). The ¢

ethods. One approach
es the probabilities of

The following s
specifications is pro

« Specifications

c) The maximu edsurable time of a disturbance shall be longer than or equal to 2 min.
The intermittent measurement can be used if the dead time is less than 1 % of the total
measurement time.

d) .The minimum measurable probability shall be 10-7.

€),"The APD measuring function shall be capable of assigning at least two amplitude levels.
The probabilities corresponding to all pre- assigned levels shall be measured

oirmalian Ih Lists fibhao e ocqion A +al ] : h ” b C OB AD ot o

OIIIIUILGIIUUUOIY LAY IUQUIULIUII vr ure PIU doolyricyu GIIIPII\.UUU ICVU y&J U di d

minimum or better

f) The sampling rate shall be greater than or equal to 10 million samples per second when
using a resolution bandwidth of 1 MHz.
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« Recommended specification

g) amplitude resolution of the APD display should be less than 0,25 dB for APD measuring
equipment with an A/D converter.

NOTE APD measurements may also be applicable in the frequency range below 1 GHz.

9 Disturbance analyzers

Disturbance analyzers are used for the automatic assessment of amplitude, rate and duration
of discontinuous disturbances (clicks).

A ‘click’ has the following characteristics:

a) the QP amplitude exceeds the quasi-peak limit of continuous dis
b) the duration is not longer than 200 ms,

c) and the spacing from a preceding or subsequent distu gr more than

200 ms.
A series of short pulses shall be treated as a click”wheh.i i easured from
the start of the first to the end of the last pulse, is fiot fongerstha s and conditions a)

9.1 Fundamental chara

a) The analyze@ D ) ith "a_channel to measure the duration and spacing of
discontinuous a
of the measuring
to be conside

sg’/measurements, only the part of the disturbance has
e IF reference level of the receiver. The accuracy of

disturbances.

b) The analyzer
disturbance.

alPbe equipped with a channel to assess the quasi-peak amplitude of a

c) Thé.amplitude in the quasi-peak channel shall be measured 250 ms after the last falling
édge in the IF channel.

d),~"The combination of both channels shall comply in all respects with the requirements
of 4.1.

e) T'he analyzer shall be capable of indicating the following information:
— the number of clicks of duration equal to or less than 200 ms;
— the duration of the test in minutes;

the click rate;

the incidence of disturbances other than clicks which exceed the QP limit of continuous
disturbance.

NOTE 2 An example of a disturbance analyzer is shown in form of a block diagram in Figure 6.
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f)

For validation of the fundamental characteristics the analyzer has to pass the performance
check with all the wave forms (test pulses) in Table 14.

Figure 7 presents in a graphical form the waveforms listed in Table 14.

Figure F.1 presents in a graphical form all the waveforms listed in Table F.1 for the
performance check of the exceptions from the definitions of a click according to 4.2.3

of CISPR 14-1.

@%
&
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Test ] | Evaluation by
No. Test signal | the analyzer
|
|
1 0,11ms/1 dB A 1 click

QYL'\ msil-dB.

5 s ! +1's | 1 cliek
Background: noise or CISPR pulses, 200 Hz: -2,5 dB (QP) I
I
190 ms/1 dB
3 —1s *1s | 1 click

Background: noise or CISPR pulses, 200 Hz: -2,5 dB (QP)
her than cli¢k
4 1333 ms/1dB /\
|
I
5 210 ms/1 dB | Other than click
I

|
30 ms/5 dB 30 ms/5 dB \) |
6 I 180 ms I /\(x 6 | Other than click
30ms/5dB 30 ms/5dB !
|
7 I 130 ms I (\ 1 click

30 ms/5 dB 30 ms/5dB |

8 I 210 ms (M\¢ [ 2 clicks
AN |
| Other than cligk
9 |||||||“ |||||||||m|||| |||||| ||| ||||| |||||| Min. 21 pulses/0,11 ms/periodicity 10 ms/1 dB
il ||||||||II|.|||| |||||||||I|| ||||||||||III|||||||||I|.||||| ]
dB I
10 | 1 click
T
|
1 1 Band B: 1034 ms/Band C: under consideration

i | 2 clicks
|

190 ms/25 dB 30 ms/-2,5 dB/2 dB IF
|
12 - Band B: 1 166 ms/Band C: under consideration h 1 click
—_—— !

30 ms/-2,5 dB/2 dB IF I

IEC 1115/03

Figure 7 — A graphical presentation of test signals used in the test of the analyzer for
the performance check against the definition of a click according to Table 14
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Table 14 — Disturbance analyzer performance test —
Test signals used for the check against the definition of a click

Test signal parameters
1 2 3 4 5
QP amplitude of Duration
impulses adjusted of impulses f
o individuall adjusted in the Graphical presentation of
z relative to C¥P ir{termediate Sfe.paratlion theptest siZnaI measured
o reference frequency output ot Impulses . in the IF-output and
= | indication of the of t)t,le or periodicity E,{;:“;:gf';:! the associated QP sighal
measurement measurement (IF-output) y relative to the reference
receiver receiver ms indication of-the
dB ms easxement receiver
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2 N
1|1 0,11 1 click \\ N)
N
\q \
- /x, S
N
sy
I e
1s
22 [1 9,5 s\ Tehek__/
%\/\ s
3a |1 \\‘\) 1 click
2,2s
4 1 1333Pb Other than click
An
2s
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Table 14 (continued)

Test signal parameters

1 2 3 4 5
QP amplitude of Duration
impulses adjusted of impulses f

o individually adjusted in the i Graphical presentation of
= rmw—mﬁr—sﬁmf“ ™ d
o reference frequency output ot Impulses . in the IF-output and
© | indication of the of the or periodicity Et"']aeh;:gfnzz! the associated QP signal

measurement measurement (IF-output) y relative to the reference

receiver receiver ms indication of the
dB ms measurement receiver
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
5 1 210 8t1hgrn:2?n click A N
N
AN \
Pt ™
Ny MWWWMW
6 |5 5 30 30 Olfer tran plick
(248ums)
> TS
5 5 Qe.o \§/> 130 1 click
e
Q i
1s
8 5 5 30 30 210 2 clicks
1T T
™~
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Table 14 (continued)

Test signal parameters

1 2 3 4 5
QP amplitude of Duration
. impulses adjusted of impulses f
o individually adjusted in the i Graphical presentation of
= rmw—mﬁr—sﬁmf“ ™ d
o reference frequency output ot Impulses . in the IF-output and
)
~ | indication of the of the or periodicity Et"']aeh;:gfnzz! the associated QP signal
measurement measurement (IF-output) y relative to the reference
receiver receiver ms indication of th(:;
dB ms measurement receiver
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
9 1 0,11 Periodicity 10, | Other than click A\ N
o
min. 21 pulses le \
il
e il
It
NN
I
|
Jd L iy il i
[ 7 W
/\ ' M
10 |-2,5 25 30 1w C
> \
Q "
ot
Q 1s
11 |25 —25¢,{]19 \§/> A 034 2 clicks
/\\ a
\ I/
QX $ |
\/ .'.‘Ll ? xnrw Wi |
‘ A ‘ 2s
12 25 -2,5¢ 190 30 1166 ¢ 1 click
,/
|
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Table 14 (continued)

a To be performed with background noise consisting of 200 Hz CISPR pulses at a level 2,5 dB below the quasi-
peak threshold level. These pulses should be present commencing at least 1 s before the test pulse and lasting
until at least 1 s after the test pulse.

Observations:

1) The graphical representation is done with peak measurements of a very short hold time (<1 ms) of the test

receiverwhithrshow the 200-HZz putse. Whemnm the putse-modutated sime wave armves, the 200-Hz-pufse s o
longer visible (as seen in the graph for test no. 3) but still present during the event of the click disturbance

2) The very narrow responses at the origin in the graphs are due to a firmware imperfection.

b The 1,333 s impulse checks the threshold of the analyzer for impulses, which are only 1 dB above the quasi-
peak threshold level.

¢ These lower levels shall be set such that the intermediate frequency threshold is exceeded™ut the Quasi-peak
threshold is not exceeded

d If these two pulses were to be measured as separate disturbances, only one

€ The correspondent values for the frequency range above 30 MHz are u be revised

after further investigations.

f The rise times of the pulses shall not be longer than 40 us.

9.2 Test method for the validation of the performance

9.21 Basic requirements

The disturbance analyzer is connecte
convenient frequency.

The pulsed CW yo independently variable pulses. The rise time
of the pulses s@ - ¥s. The pulse duration shall be variable between
110 us and 1,3 s dne vartable over a 44 dB range. Any background noise of
the pulsed CW sign : least 20 dB below the reference level used in step a)

meter ,jindicatign to the reference (zero) point on the meter scale of the measuring
receiver’ equal to a value identical to the QP-limit for continuous disturbance. The
receiver RF sensitivity (attenuator) control is adjusted to a level above the receiver noise
but below the limit for continuous disturbance used as threshold in the IF channel. The
corresponding level of the CW signal at the IF output of the receiver constitutes the IF
reference level.
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b) The pulsed CW signal is connected to the input of the measuring receiver. For test
number 2 and 3 the signal from the CISPR pulse generator is added to the pulsed CW
signal. The parameters of the signal are given in Table 14. The amplitudes of the pulses
shown in column 1 of Table 14 are adjusted individually relative to the indication of the
limit (QP) for continuous disturbance used as threshold in the IF channel. The levels shall
be relative to the respective RF and IF reference levels established in the previous
paragraph.

9.2.2 Additional requirements

The test method is identical to the one described in 9.2.1a).

The parameters of the signal are given in Table F.1.
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Annex A
(normative)

Determination of response to repeated pulses of quasi-peak
and r.m.s. measuring receivers
(subclauses 3.2,4.4.2,7.2.2 and 7.4.1)

A.1 General

or establishing

This annex sets out the data for the numerical calculation, and the proce(
i hod “are also

the curve of response to repeated pulses. The assumptions inherent
stated. The calculation is divided into three successive stages.

A.2 Response of the pre-detector stages

The pulse response of these stages is, in general, dete
define the overall selectivity of the receiver.

It is common practice to consider that this seleqtivi ined by an assembly of two
critically-coupled tuned transformers a i :

s-band permits the use of the
of the pulse response. The error

(A.1a)

A(t) = (V1) 4 weGe™®,! (sin wgt — wpt cos wgt) (A.1b)

The corresponding selectivity curve of the equivalent low-pass filter may be written, for t << 1/ay:

F(f) = G [2w,2 (@, + jo) +o,2 (A.2)

Wwhere

o = 2xf.

The bandwidths B3 and Bg will be:

Bj = [ﬁxﬂ(ﬁ—ﬂ} wo/m = 0,361 ay (A.3a)
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Bg = 2 x ap/n = 0,450 wg (A.3b)
The effective bandwidth of a receiver, comprising an idealized rectangular filter giving the

same r.m.s. value of response as an actual receiver, is equal to the power bandwidth Af
defined as:

o Foo

Af = (1/Fp2) / F2 (f) df (A.4)

where
F(f) is the selectivity curve;
Fo is the maximum value of F(f) (assuming a single peak selectivity cu

The power bandwidth is then, for Fg = 1

+oo

Af = /F2 (f) df (A.5)

Taking F(f) from equation (A.2) and putting G = 1, we Have:

(A.6)
this leads to:

(A.7)
thus:

(A.8)
A.3 e b oltmeter detector to output of preceding stages
The calculation is~mad assumption that the connection of the detector circuits to the
output o tages ddes not affect either the amplitude or the shape of the signal
therefro the output impedance of this stage is regarded as negligible
compared impedance of the detector.

Any detector may bé reduced to the form (actual or equivalent) of a non-linear element (for
examplésa‘diode) in association with a resistance (total forward resistance S) and followed by
a cireuit consisting of a capacitance C in shunt with a discharge resistance R.

The electrical charge time constant T is related to the product SC, while the electrical
discharge time constant Ty is given by the product RC.

The relationship between T; and the product SC will be established by obtaining, in a time =
Tc, an indicated voltage of 0,63 times the final steady value when a constant amplitude RF
signal is suddenly applied.
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The voltage U across the capacitor is related to the amplitude A of the RF signal applied to
the detector by the equation:

dU/dt + UI(RC) = A (sin 6 — 8 cos 8)/(n x SC) (A.9)

where 6 is the conduction angle (U = A cos 0).

This equation is not directly integrable A value for the product SC_which for the time

constants chosen satisfies the above conditions, is found by methods of approximation, for
example:

in band A: Tc = 45 ms
Tp = 500 ms
2,81SC = 1ms
in band B: Tc = 1 ms
Tp = 160 ms
3,95SC = 1 ms
in bands C and D: Tc = 1 ms

the output voltage of the ¢
of this voltage caused by
two successive pulses

A.3.1 Respon

dz—g+£d—a+i2(x:—2exp(—J (A.10)
dt Ty dt T4 T T

where

a(t)( is the instrument deflection;

Tpris the electrical discharge time constant of the quasi-peak voltmeter;

Twm is the mechanical time constant of the critically damped indicating instrument.

The solution of the problem is relatively simple for the two extremes of the response curve; on
the one hand, for pulses sufficiently separated for the starting point to be zero and thus
known, and on the other, for pulses having a sufficiently high repetition rate for the inertia of
the instrument to prevent it following the fluctuations faithfully. For the intermediate cases, the
calculation becomes more complicated. At the start of each pulse, the instrument deflection is
varying and it is necessary to find a solution which takes account of the initial position and
velocity.
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A.4 Response of r.m.s. detector to output voltage of preceding stages

By definition, the output voltage of the r.m.s. detector is given by:

oo 1/2
U . Jnf (Az(t)/2)dt1 (A.11)
[ 7o ]

where
n is the pulse repetition frequency in hertz.

The output may also be deduced from the frequency response curve as:
oo 1/2
U, = [nJ' (2m><F2(f)/2)df] (A.12)

where

vt is the area of pulse having a uniform frequency spec

This gives:

0

(A.13)
Which, from equation (A.5
(A.14)
From equation (@, th ationship may be deduced by taking:
> mV, when n =100 Hz
thus:
vt = (100 v2)/ JAf  (uVs) (A.15)
or from equation
vt =139/,Bs (uVs) (A.16)

A.4.1\Calculation of overload factor

The overload factor corresponding to a pulse repetition frequency of n Hz is calculated as
follows:

From equation (A.14):

Urms = (0T) x (20 AP
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from equation (A.1), and for G = 1:
A(t)peak = 0,944 x v1 X 0

thus overload factor:

A(peak ~NZ Ums = 1,28 (53/n)1‘ (ATT)
A.5 Relationship between indication of r.m.s. meter and quasi-peak meter

The amplitude relationship for the r.m.s. meter which states the value of pulse (vt)me-for the

w is equivalent to a sine-wave

and a bandwidth af6)dB
the following_retationshi

aqual to the nominal bandwidths prescribed in clauses 4, 5, 6 and 7
psAor (VT)rms/(VT)qgp exist:

for the frequency range 0,15 MHz to 30 MHz:

(VT)rms/(VT)gp = 14,3 dB

for the frequency range 30 MHz to 1 000 MHz:

(VT)rms/(VT)gp = 20,1 dB

These relationships are valid for a pulse repetition frequency of 100 Hz. At other repetition
frequencies, it is necessary to use the corresponding pulse response curves.
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Annex B
(normative)

Determination of pulse generator spectrum
(subclauses 4.4, 5.4, 6.4, 7.4)

B.1 Pulse generator

For checking compliance with the requirements of this standard, a pulse generator is \needed.
Compliance with the requirements of 4.4, 4.6, 5.4, 6.4 and 7.4 may be tested using, the pulse
generator technique.

repetition frequency to within about 1 %.

Table B.1 — Pulse generat rc act

Frequency band of mpulsSeNare \) epetition frequency
receiver under test
Hz
0,09 to 0,15 MHz 13,5 1,2, 5, 10, 25, 60, 100
0,15 to 30 MHz \ (\Qs\\/ 1,2, 10, 20, 100, 1 000
30 to 300 MH< } 1, 2,10, 20, 100, 1 000
300 to 1 00P\VHz enote 1,2, 10, 20, 100, 1 000

NOTE The ene ator h be c oducmg pulses of adequate impulse area with as
uniform a pe pto1 OO Hz as p

ehera dpulses

B.1.1 The spectrum

The spectrum,i i e that represents as a function of the tuned frequency of the

The spectrum_showuld be substantially constant up to the upper limit of the frequency band of
the receiver-under test. The spectrum may be regarded as satisfactorily uniform if, within this
band, the‘variation of the spectrum amplitude is not greater than 2 dB relative to its value for
the Jower frequencies within the band. The impulse area at the measurement frequency shall
be-known to within £0,5 dB.

For checking compliance with the requirements of 4.6, the spectrum above the upper limit of

the frequency band shall be limited (10 dB down at twice the upper frequency). This is
necessary to standardize the severity of the test since the inter-modulation products of all
components of the spectrum will contribute to the response.
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B.2 General method of measurement

Methods for the accurate determination of the absolute value of the spectrum amplitude of
pulses are given in Annex C.

For measurement of the variation of the spectrum amplitude with frequency, the following

metinoa I1may e uUsed.

The pulse generator is connected to the input of an RF receiver followed by an oscilloscope
connected so as to indicate the RF pulse at the output of the receiver.

At each frequency of tuning of the receiver, the following are measured:

a) the bandwidth, Bg Hz, of the receiver at the —6 dB points,

b) the r.m.s. value, Ep, of the output from a standard signa 2 i e same
impedance as the pulse generator and tuned to the n € 3 eiver and
producing on the oscilloscope a deflection equal in a ak of the RF
pulses.

The relative spectrum amplitude at each frequency i

frequency.
The receiver used sho
The suppressio
should be at least 40

The measurement
using the qu
frequency.of

with a receiver conforming to the present specification,
in place of the oscilloscope, provided that the repetition
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Annex C
(normative)

Accurate measurements of the output of
nanosecond pulse generators
(subclauses 4.4, 5.4, 6.4, 7.4)

C.1  Measurement of impulse area (IS)

C.1.1 General

Theoretical and practical investigations have shown that, when ap
accurate methods of measurement include those given in C.1.2

C.1.2 Area method

The pulses to be measured are fed through a narrow
frequency f having a symmetrical amplitude ch
characteristic (in conjunction with a filter, an amplifi
its linear range).

e band-pass filter (taking into

The total area under the envelope A(t,R
i so as to evaluate the integral in the

account the sign of different parts of
equation.

a disturbance S ceiver is used together with a series of frequency converters to
tune acro pulse. The output of the final intermediate-frequency amplifier
is taken ditec oscilloscope for the area measurement.

In a variation/o method for pulses of duration much shorter than the period of the
frequency (fy, the impulse area can be measured directly as an integrated area by means of a
suitablevoscilloscope (for example, for nanosecond pulses, a sampling oscilloscope is
required), the integration taking into account the sign of different parts of the area.

€CA1.3 Standard transmission line method

A transmission line of length corresponding to a propagation time t and charged to a voltage
Vy is discharged into a load resistance equal to the characteristic impedance of the line. The
transmission line is considered to consist of the actual line as well as the charged section of
the line contained in the switch housing. It has been found that spectral intensity, S(f), has the
value 2vt in the low-frequency portion of the spectrum of the resulting pulse in which the
amplitude is constant with frequency, this amplitude being independent of the existence of
certain stray impedances between the line and the load resistor (e.g. inductance or
resistance) or of finite switching time.
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C.1.4 Harmonic measurement

This method may be used for pulse generators producing a sequence of pulses with
sufficiently high and stable repetition frequency.

When the pulse repetition frequency F exceeds the values of the bandwidth of the measuring
receiver, the latter may select one line from the pulse spectrum. In this case, the impulse area

may De aetermined as 10110Ws.
IS = VkI2F = VA2 I2F

where Vi = V2 is the peak value of the k-th harmonic.

frequencies of the order of 1 000 MHz/

C.2 Pulse generator spectrum

spectrum

within the-frequency passband of the receiver, and the spectrum irregularity does not
exceed 075 dB within the receiver passband measured at the —6 dB points;

b) if the frequency spectrum is smoothly tapered on both sides from the tuning frequency
of the receiver, and if the spectrum width at the —6 dB points is at least five times greater
than the receiver passband at that level.

In both cases. the impulse area is assumed to be equal to its value at the tuning frequency.
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Annex D
(normative)

Influence of the quasi-peak measuring receiver characteristics
on its pulse response
(subclause 4.4.2)

The level of the pulse response curve for high repetition frequencies depends essentiallyyon
the magnitude of the bandwidth. On the other hand, for low repetition frequencies, the’time
constants play the more important role. No tolerance has been stdated fer these time

prescribed.

Examination of the pulse response-curve at the
instrument provides a check on possible non-line
critical repetition frequencies in this respect wi

20 Hz to 100 Hz.



https://iecnorm.com/api/?name=50ab2baeb04ffac578df64062aedf175

CISPR 16-1-1 © IEC:2006+A1:2006 -103 -

Annex E
(normative)

Response of average and peak measuring receivers
(subclause 6.2.1)

E.1 Response of pre-detector stages

It has been shown” that the area under the envelope of the impulse r
narrowband circuit having a symmetrical frequency characteristic is
bandwidth, and is given by:

spoRse curve of a
\dent of the

f:A(t)dt = 2v1G, (E.1)

where v and 1 are the amplitude and duration of a rectang
Gy is the gain of the circuit at the centre frequency.

error introduced by the oscillatory response s aII be_compensated th a biased tolerance of +2, 5 dB/-0,5 dB in

As long as pulses do no i %ut of the IF amplifier, the average value is

is useful to-defi
circuit as follows:

Bimp = A(f)max /12Go (E.2)
where

A(t)max is the peak envelope output of the intermediate-frequency stages with a unit impulse
applied

* "Response of ideal radio noise meter to continuous sine-wave, recurrent impulses, and random noise" by David
B. Geselowitz, IRE Transactions, RFI, Vol. RFI-3, no. 1, pp 2-11, May, 1961. See also, "Impulse excitation of a
cascade of series tuned circuits" by S. Sabaroff, Proc. IRE, Vol. 32, pp 758-760, December 1944.
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From the work leading to equation (A.17) (Annex A), we have:

Bimp = (0,944/2) wg = 1,05 Bg or 1,31 B3 (E.3)
where Bg and B3 are defined in 3.2.

For other types of tuned circuits, the ratio of Bjmp to Bg may be estimated from Figure E.1 if

20 3 ) 20

1.20

Single-tuned stages >

1.10 / \)

_— .
100 //\Dt’/'\‘({f}?/\g (evmig

Q N 4 5
B.
hage factor -2
€ factor B

3

—
&)]
A

Afimp
A qp

Correction factor

IEC 1310/99

ng the ratio B;;,,,/Bg for other tuned circuits

vt = 1,4/n (MmVs)
Atsa*repetition rate of 100 Hz, this is 14 uVs.

Therefore from clause A5 of Annex A _the ratio of (v1) to (1) to_produce the same
T 7 \ 7avie \ ILIP L

indication will be:
for the frequency range 0,15 MHz to 30 MHz:
(VT)ave/(VT)gp = 32,9 dB
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for the frequency range 30 MHz to 1 000 MHz:
(vT)ave/(VT)gp = 50,1 dB

The above assumes adequate overload factor at the repetition rate in question, and that the
bandwidths in use correspond respectively to those in clause 4. At a repetition rate of
1 000 Hz, the corresponding ratios will be 17,4 dB and 38,1 dB

E.4 Peak measuring receivers

Where a direct-reading meter is used in the receiver, the requirement for time_constants can
be determined from the curve in Figure E.2, which shows the perceqtage of the'feading
referred to the true peak in function of a parameter and which includes the\time _constants
ratio, the bandwidth Bg and the pulse repetition rate. In using thi rve, it\should e noted
that:

Rc/RD = (1/4) (Tc/TD)

measuring re
The value of impui
equivalent to the res
r.m.s. value 2 mV

1,4/Bimp (MVS) (Bimp in Hz) (E.5)

From the 6°dB ba idths specified in Table 1 (4.2), the Bjyp values are obtained as 1,05B¢
lues and the corresponding /S values required for a peak meter will be:

Frequency IS peak (mVs) Bimp (H2)

Band A 6,67 x 10-3 0,21 x 103
Band B 0,148 x 10-3 9,45 x 103
Bands C and D 0,011 x 10-3 126 x 103

Therefore, using the values given as a) in Table 2 (in 4.4.1) for IS quasi-peak, the ratio of IS
quasi-peak to /S peak to produce the same indication will be:
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For Band A 6,1 dB (at 25 Hz pulse repetition frequency)

For Band B 6,6 dB (at 100 Hz pulse repetition frequency)

For Bands Cand D 12,0 dB (at 1 000 Hz pulse repetition frequency)
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E.6 Test of measuring receiver response above 1 GHz to pulses

Pulse generators with a uniform spectrum up to 18 GHz are not feasible. To test the response
of measuring receivers above 1 GHz to pulses and to verify the amplitude relationship of
various types of measuring receivers, it is practical to use a pulse-modulated carrier tuned to
the receive frequency. The pulse width shall be less than or equal to (1/3 Bimp)' The accuracy

of the imnulse width is imnartant for the nrecise aeneration of a certain imnulse arca ag
g g Lig ) g

required in the relevant subclause. In addition to a measurement of the pulse duration using
an oscilloscope, the pulse duration of a rectangular pulse can be verified by the distance
between the minima on the spectrum display. (See Figure E.3 for a sample waveform.)

For the measuring receiver with a peak detector with a bandwidth B;,,
area (emf) of 1,4/B, mp mVs is required, that |s 1,4 nVs for a respons

2mV [66 dB(uV)]. A pulse-modulated carrier having the requi
generated with the various pulse widths as shown in Table E.1:

Table E.1 — Carrier level for pulse-modula

: : ~
Pulse width wy/ns | Carrier level (g'm.f) Loy ie?"dB(uV)
(%)
200 ANVBEEN >
\r'://g/
For a measuring receiver with a linear etector, the-impulse area (emf) equal to an

area is 28 nVs, that |s
1 MHz.

the eak measurlng receiver W|th a Bjyp of

unmodulated si
[66 dB(uV)] shall
bandwidth B;,
area is 52,6 nVs
1 MHz.

For a measuring\/: [ it \ gtector, the impulse area (emf) equal to an

9 dB_higher than for the peak measuring receiver with a B, of
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* RBW 9 kHz Marker 1 [T1]
W 30 kHz 61,99 dBuv

% Ref. 90 dBuv *Att0dB SWT3,1s 128,000 000 00 MHz
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Center 128 MHz

IEC 326/06

A{) G Span 50 MHz

a pulse-modulated signal

00 ns
E.7 i i of a measuring receiver
The impulse bandwid ; [ eceiver is defined as the peak value Up
(measured by th@ j e spectral density D of the test pulse:

(E.6)

If Up is measyrea and B _is~given in uV/MHz, then B;,,, will result in units of MHz. Both
quantities, afe s med to be calibrated in rms values of an unmodulated sine
wave signa casefor CISPR measuring receivers.
The pulse spectra D will frequently not be available as a precise reference quantity.

In order to redus eyuncertainty of the impulse bandwidth measurement, methods 1 and 2
are using (two measurements. Under certain circumstances, the selectivity curve of a
measuring.receiver can also be used to calculate B;,,, (as described in method 3), since B,
is thelfvoltage bandwidth” of the measuring receiver (not to be confused with the power
bandwidth or equivalent noise bandwidth, which determines the rms value of Gaussian noise
when using the rms detector of the measuring receiver). B, is determined by the selectivity
curve of the IF filter, the (possibly non-linear) phase response of the filter and the video
bandwidth of the receiver. It is wider than Bg, but there is no general factor for the relationship

between B;,,, and Bg or B3 of the receiver.

Method 1: Measurement by comparison of the responses of Bimp to two pulses with identical
amplitude and width but with low and high pulse repetition frequencies (prf)

This method applies a pulse-modulated RF signal, with short pulse duration as shown in
Figure E.4 and two different prfs. With the high prf (fID » Bimp), the receiver can be tuned to the
carrier frequency as shown in Figure E.5 and with the low prf fID (fp « Bimp), the spectrum will
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