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Measuring apparatus

INTERPRETATION S

3PR A: Radio-interference
ittee CISPR: International

{ ) ‘\szort on voting
\G\S/AMMD%\ ) cisian2ss/RVD

Full information@ [ r.t a\roz of this interpretation sheet can be found in the
indig i

report on voting

approved (see CISPR/A/1135/RVD) and consequently the
| standard, CISPR 16-1-1:2015 (Edition 4.0) was published on

However;“seven National Committees had submitted a negative vote. Most concerns were
related-fo'the measuring receiver specifics covered in K.4. That clause states:

“This standard specifies measuring receiver requirements using a “black box” approach.

This—means—thattheinstrument shall show a specificresponsewhenadefined sigralis
applied to its input. Therefore, the demonstration of compliance of measuring receivers

with specifications defined in this standard can be provided through the manufacturer’s
calibration process or the procedures and measuring equipment defined in this standard.

In case compliance of a measuring receiver is determined with the specifications in this
standard, the following minimum set of parameters shown in Table K.1 shall be included in
the verification process.”

ICS 33.100.10
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It was argued that the wording in these two cited paragraphs might be misinterpreted in such
a way that the specifications in CISPR 16-1-1 are not met when using the manufacturer’s
calibration process. Furthermore, concerns were raised that the wording may have the effect
that only manufacturers’ calibration procedures can be used to show compliance with the
specifications in CISPR 16-1-1.

Because of these concerns, K.4 could benefit from further clarification. An interpretation sheet
would be helpful to users of the standard, with the intent that this clarification would be
published in a future amendment to the standard.

This information does not change the standard; it serves only to clarify the points noted.
INTERPRETATION:

Demonstration of compliance with CISPR 16-1-1

For demonstrating compliance with CISPR 16-1-1 using the 4
process, the specifications in CISPR 16-1-1 shall be met, i
minimum set of parameters listed in Table K.1.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY

1)

2

3)

4)

2

2

MEASURING APPARATUS AND METHODS =

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

FOREWORD AN

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization’comprising
all national electrotechnical committees (IEC National Committees).\The object\of [EC js to promote|
international co-operation on all questions concerning standardizationin_the eIectnCaI and electronic fields. To|
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and_Guides {(heteafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any<IEC Natjonal Committee interested
in the subject dealt with may participate in this prepardtory work. l%erhational, governmental and non-
governmental organizations liaising with the IEC also participate in thiS\preparation. IEC collaborates closely
with the International Organization for Standardizatioh (IS©) in ac,cordance with conditions determined by
agreement between the two organizations.

\
The formal decisions or agreements of IEC on technical matters éxpress, as nearly as possible, an international
consensus of opinion on the relevant subjects sinee each\technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations‘for’international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts’ are “made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be “held responsible for the way in which they are used or for any

misinterpretation by anyend user. \\

In order to promote internationak uniformity;, IEC_National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in“their national and regional publications. Any divergence]
between any IE€ Publication and/the correspondmg national or regional publication shall be clearly indicated in|
the latter.

IEC itself does not.provide.any\attestdtion“of conformity. Independent certification bodies provide conformity
assessment servies\and, in“seme. areas, /access to IEC marks of conformity. IEC is not responsible for any
services carried out by mdepenﬁent certification bodies.

All users shéuld ensure thatthey have the latest edition of this publication.

No liabjlity. shall attaéhMto 1EC orvits directors, employees, servants or agents including individual experts and
membérs of its ‘techiical committees and IEC National Committees for any personal injury, property damage or
other damage ofi.any nature” whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising“out\of the publication, use of, or reliance upon, this IEC Publication or any other IEC]
Publicationg) V'

Attention is*drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

This redline version of the official IEC Standard allows the user to identify the changes|

has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard CISPR 16-1-1 has been prepared by CISPR subcommittee A: Radio-
interference measurements and statistical methods.

This fourth edition cancels and replaces the third edition published in 2010, Amendment
1:2010 and Amendment 2:2014. This edition constitutes a technical revision.

The main technical change with respect to the previous edition consists of the addition of a
new normative annex on calibration requirements for measuring receivers.

It has the status of a basic EMC publication in accordance with IEC Guide 107,
Electromagnetic compatibility — Guide to the drafting of electromagnetic compatibility
publications.

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

FDIS Report on voti g
CISPR/A/1118/FDIS CISPR/A//?S{Q\\(D

e reconfirmed,
e withdrawn,

e replaced by a

The conde : etation sheet of April 2018 have been included in this copy.

IMPORTANT — The 'colour inside’ logo on the cover page of this publication indicates
that (it* contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
olour printer
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INTRODUCTION

The CISPR 16 series, published under the general title Specification for radio disturbance and
immunity measuring apparatus and methods, is comprised of the following sets of standards
and reports:

e CISPR 16-1 —five six parts covering measurement instrumentation specifications;

e CISPR 16-2 — five parts covering methods of measurement;

e CISPR 16-3 — a single publication containing various technical reports (TRs) with
further information and background on CISPR and radio disturbances in general;

o CISPR 16-4 - five parts covering uncertainties, statistics and limit

CISPR 16-1 consists of the following parts, under the general title ificatiQn) for radio
disturbance and immunity measuring apparatus and methods - I urbance and
immunity measuring apparatus:

— Part 1-1: Measuring apparatus
— Part 1-2: Ancillary equipment — Conducted disturbancesg
— Part 1-3: Ancillary equipment — Disturbance power
— Part 1-4: Ancillary equipment — Radiated disturba

— Part 1-5: Antenna calibration sites,and ref e e or—30—-MHz to—1-000MH=z
5 MHz to 18 GHz

— Part 1-6: EMC-antenna calibration

The International Electrotechnical Commis ws attention to the fact that it is
claimed that compliance with this doc meR the use of a patent concerning the

sjon
j y iy
measuring receiver with rms S (patent no DE 10126830) given in Clause 7.

Germany

Attention is' drawn to the possibility that some of the elements of this document may be the
subjectof patent rights other than those identified above. IEC shall not be held responsible for|
identifying any or all such patent rights.

ISO (www.iso.org/patents) and IEC (http://patents.iec.ch) maintain on-line data bases of
patents relevant to their standards. Users are encouraged to consult the data bases for the
most up to date information concerning patents.
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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 specifies the characteristics and performance iment for the
measurement of radio disturbance in the frequency range 9 kHz tg" .Nno addition,
requirements are provided for specialized equipment for dje i s, -disturbance
measurements.

found in Annex B of any one of the follo

\.n%

/are normatively referenced in this document and
dated references, only the edition cited applies. For
on of the referenced document (including any

2 Normative refer

The following d@
are indispensable™o

undated references
amendments) ap S

CISPR 11:20Q9 ) al, scientific and medical equipment — Radio-frequency

electric toolscand ifar apparatus — Part 1: Emission
CISPR 14-1:2005/AMD1:2008
CISPR1441:2005/AMD2:2011

CISPR 16-2-1:2008 2014, Specification for radio disturbance and immunity measuring
apparatus arg metrnoas — Fart Z-1. Metrioas or rrreasurermnerit or disturbarnces and immuniry —
Conducted disturbance measurements

CISPR 16-2-2:2003 2010, Specification for radio disturbance and immunity measuring
apparatus and methods — Part 2-2: Methods of measurement of disturbances and immunity —
Measurement of disturbance power

Amendment 1-(2004)
Amendment 2-{2005)
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CISPR 16-2-3:2006 2010, Specification for radio disturbance and immunity measuring
apparatus and methods — Part 2-3: Methods of measurement of disturbances and immunity —
Radiated disturbance measurements

CISPR 16-2-3:2010/AMD1:2010

CISPR 16-2-3:2010/AMD2:2014

CISPR TR 16-3:2003 2010, Specification for radio disturbance and immunity measuring
apparatus and methods — Part 3: CISPR technical reports

Amendment 1 (2005)
* 7

Amendment 2(2006)
CISPR TR 16-3:2010/AMD1:2012
CISPR TR 16-3:2010/AMD2:2015

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

Amendment1-{1997)

Amendment 2(1998)

IEC 60050-161:1990/AMD1:1997
IEC 60050-161:1990/AMD2:1998
IEC 60050-161:1990/AMD3:2014
IEC 60050-161:1990/AMD4:2014
IEC 60050-161:1990/AMD5:2015

3 Terms and definitions

For the purposes of this document, the
following apply.

ions given in IEC 60050-161, and the

3.1
bandwidth
B

width of the o
attenuation, belowthe

Note 1 to entry:

e receiver between two points at a stated

3.2

CISPR in

range anufacturer which gives the maximum and the minimum meter
indications he measuring receiver meets the requirements of this part of
CISPR 16

3.3

lelectrical charge time constant

Ic

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 1 to entry: 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 IF amplifier is applied to the input of the stage immediately
preceding the detector. The indication, D, of an instrument having no inertia (e.g. an 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.
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3.4

electrical discharge time constant

Tp

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 1 to entry: 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
ofallto 0 37 D is the discharqge time constant of the detector

3.5

impulse area

Aim

voltage-time area of a pulse defined by the integral:

+00

Aimp = [ vi0)dt

—00

(1)

Note 1 to entry: Impulse area, sometimes referred to as impulse
or dB(nVs).

ly expressed in uVs

MHz) = /2 x106 Ay (V)

applies. 6
3.6
impulse bandwidth
Bimp
_ Al)max
mp 2GO X Aimp (2)

where

A()max  1s the ;e p the IF output of the receiver with an impulse area

A; put;

G, uit at the centre frequency
Specifica y-coupled tuned transformers,

Bimp = 1,0 (3)

where Bg and B3 ares’espectively the bandwidths at the —6 dB and —3 dB points

Note 1 te-entry: See A.2 for further information.

3.7

measuring receiver
instrument such as a tunable voltmeter, an EMI receiver, a spectrum analyzer or a FFT-based
measuring instrument, with or without preselection, that meets—therequirements—of the
relevant parts of this standard

Note 1 to entry: See Annex | for further information.
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3.8
mechanical time constant of a critically damped indicating instrument

™= = 4)

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

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

2
2| d°a da ey 5

TM t2 +2TM +a =ki ( )
Wwhere

a is the deflection;

i is the current through the instrument; and

k is a constant.
It can be deduced from this relation that this time constant is afso of a rectangular pulse (off
constant amplitude) that produces a deflection equal to 35 % S o7 produced by a continuous|

Note 2 to entry: The methods of measurementand duced from one of the following

a) the period of free oscillation having been ad Ring is added so that a7 = 0,35«

b) when the period of oscillation cannot be mgasu 8 adjusted to be just below critical such thaf]
the overswing is not greater f inextia ¥f the movement is such that a7 = 0,35¢,

3.9

overload factor

ratio of the lev t Cs ¢ mge of practical linear function of a circuit (or a

group of circuit eSponds to full-scale deflection of the indicating

instrument

Note 1 to entry:
depart by more
circuits).

h the steady-state response of a circuit (or group of circuits) does not
earity defines the range of practical linear function of the circuit (or group of]

3.10

such as a single-phase mains supply. This is sometimes called the differential mode voltage.
If 7, is the vector voltage between one of the mains terminals and earth and 7} is the vector
voltage. between the other mains terminal and earth, the symmetric voltage is the vector
difference (7, -Vp)

3.11

weighting (of e.g. impulsive disturbance)

pulse-repetition-frequency (PRF) dependent conversion (mostly reduction) of a peak-detected
impulse voltage level to an indication that corresponds to the interference effect on radio
reception

Note 1 to entry: For the analogue receiver, the psychophysical annoyance of the interference is a subjective
quantity (audible or visual, usually not a certain number of misunderstandings of a spoken text).

Note 2 to entry: For the digital receiver, the interference effect is an objective quantity that may be defined by the
critical bit error ratio (BER) or bit error probability (BEP) for which perfect error correction can still occur or by
another, objective and reproducible parameter.
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3.11.1
weighted disturbance measurement
measurement of disturbance using a weighting detector

3.11.2

weighting characteristic

peak voltage level as a function of PRF for a constant effect on a specific radiocommunication
system, i.e. the disturbance is weighted by the radiocommunication system itself

3.11.3
weighting detector
detector which provides an agreed weighting function

3.11.4
weighting factor
value of the weighting function relative to a reference PRF or relative

Note 1 to entry: Weighting factor is expressed in dB.

3.11.5
weighting function
weighting curve

receiver to repeated pulses

3.12

measurement time
Tm

effective, coherent time
called dwell time)

L for the peak <:>Ct
- for the quasi-pea)

envelope

calibratio
operation thaf nder specified conditions, in a first step, establishes a relation between the
quantity values easurement uncertainties provided by measurement standards and
corresponding indications with associated measurement uncertainties and, in a second step,
uses thisvinformation to establish a relation for obtaining a measurement result from an
indicgtion

Lot 4 rs rs L Ll ' Lo pu L. ‘ot rs IHN r'H £ r'H Ll ' ali

NULT T 13> Clllly. \ ovcanouractrurt IIIGy LA~ < FICDDCU Uy [=} S LALTITITOTIL, oddanmuratiurt LASLRAYALAA R ocdalnuratiuri ulaylalll,
calibration curve, or calibration table. In some cases, it may consist of an additive or multiplicative correction of the
indication with associated measurement uncertainty.

Note 2 to entry: Calibration should not be confused with adjustment of a measuring system, often mistakenly
called “self-calibration”, nor with verification of calibration.

Note 3 to entry: Often, the first step alone in the above definition is perceived as being calibration.

[SOURCE: ISO/IEC Guide 99:2007, 2.39] [17]"

1 Figures in brackets refer to Bibliography.
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3.14
verification
provision of objective evidence that a given item fulfils specified requirements

EXAMPLE Checking whether the functions of a measuring instrument or auxiliary equipment, such as a common
mode absorption device (CMAD), meets stated specifications, such as those given in a data sheet.

[SOURCE: ISO/IEC Guide 99:2007, 2.44, modified — addition of an example] [17]

Edjustment (of a measuring system)
set of operations carried out on a measuring system so that it provides prescribed indicdatiehs|
corresponding to given values of a quantity to be measured

Note 1 to entry: Types of adjustment of a measuring system include zero adjust
offset adjustment, and span adjustment (sometimes called gain adjustment).

ent of (@Nneaswiing system,

Note 2 to entry: Adjustment of a measuring system should not be copf it cali } hich is a
prerequisite for adjustment.

Note 3 to entry: After an adjustment of a measuring system, the measyring systemXSkall usuglly be recalibrated.

[SOURCE: ISO/IEC Guide 99:2007, 3.11] [17]

3.16
correction

Note 1 to entry: See Guide ISO/CEI 98-3:2004§,

Note 2 to entry: The compensa
from a table.

[SOURCE: ISO/IEC G

3.17
(metrological) traces

4.1 General

[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
tC 20 M= (Bnnr] R\ Aann ~avnrina 2N I\/ILIZ tC 30(\ ME= (RBand C\ ~And ~ r\l\\ll\v';ng 3nn LV, TN

ne
DUV T oo O OTTC— oV eThiTg—ou vt Ui T (DaTo— O arta Orre—CoOvoTT ACAAN A AN F =

to 1 000 MHz (Band D). Fundamental characteristics of a quasi-peak measuring instrument
are provided in Annex H.

Spectrum analyzers and FFT-based measuring instruments that meet the requirements of this
clause can be used for compliance measurements. For emission measurements, FFT-based
measuring instruments shall sample and evaluate the signal continuously during the
measurement time.

4.2 Input impedance

The input circuit of measuring receivers shall be unbalanced. For receiver control settings
within the CISPR indication range, the input impedance shall be nominally 50 Q with a voltage
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standing wave ratio (VSWR) not to exceed 2,0:1 when the radio frequency (RF) attenuation is
0 dB and 1,2:1 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.

4.3 Sine-wave voltage accuracy

[The accuracy of measurement of sine-wave voltages shall be better than + 2 dB whefi"the
instrument measures a sine-wave signal with 50 Q resistive source impeda

4.4 Response to pulses

4.4.1 Amplitude relationship (absolute calibration)

100

350 Mz toy1-080 Mz

NOTE AnnexesdBy@nd C describe methods for determining the output characteristics of a pulse generator for use
in testing the réquirements of this subclause.

4.4.2 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 of eg 20 r-IR(:ru\/), the relationship between pulse

amplitude and repetition frequency is in accordance with Figures 1, 2, 3 and 4.-Theresponse

As an alternative the response of the measuring receiver to repeated pulses shall be such
that for a constant voltage setting of the pulse generator of e.g. 50 dB(uV) at repetition
frequencies of 25 Hz (Band A) and 100 Hz (Bands B, C and D), the relationship between
receiver indication and repetition frequency is in accordance with Figures 1, 2, 3 and 4 under
opposite sign conditions.

For all measurements, a sufficient signal-to-noise ratio is required. The use of a 10 dB
attenuator at the output of the pulse generator is recommended.
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Figure-1c} 3 — 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 2. For spectrum analyzers without preselection,
the requirements in Table 2 for pulse repetition frequencies less than 20 Hz are not
applicable. The use of such instruments for compliance testing is conditional. If such
spectrum analyzers are used for measurements, the user shall verify and document that the
equipment under test does not emit broadband signals of pulse repetition frequencies of
20 Hz or lower. A determination of the suitability of a spectrum analyzer for testing shall be
made by performing the procedure documented in Annex B of CISPR 16-2-1:2014, Annex B of
CISPR 16-2-2:2010, or Annex B of CISPR 16-2-3:2010.

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 Table 2 are optional and, are not
essential.

Table 2 — Pulse response of quasi-peak measurin

Repetition Relative equivalent level in dB of pulMte b}n\d \
frequency Band A Band B ndC . 2\ \Band D
Hy 9 kHz to 150 kHz | 0,15 MHz to 30 MHz | 30 Mfz t N& 309 MHz to 1 000 MHz
1000 Note 4 —45+1,0 N DO \ ~8,0+1,0
100 —4,0+1,0 0(ref) §7 0 (\é&\ 0 (ref.)
60 ~3,0+1,0 - /\\ > / (\ > -
25 0 (ref.) \ 2 \ \ ) -
20 - +/s%~_+ 1,0 190+ 1,0 19,0+ 1,0
10 44,0+ 1,0 4&10,0@,\’{ >+14,0i 1,5 14,0+ 1,5
5 +7.54 (6 (\\_ \) N - -
2 13,0 2}\ r\+20\,€>\_ 0 ) 126,0 + 2,0 126,0 + 2,0

1 +17,hi\2,/0\ \+ 5+2.0 +28,5+ 2,0 +28,5 + 2,0*

Isolated pulse Q +)9,o§2,0 J>§\5\_~/2/,0 131,54+ 2.0 +31,5 + 2,0*

* These values are op{ionalNand\ot\e W

NOTE 1 ivercharagteristics upon its pulse response is considered in Annex D

NOTE 2 The relations the pulse responses of a quasi-peak receiver and receivers with other
detector types & and 7.5

NOTE 3 eoretieal-pulsg response curves of quasi-peak and average detector receivers combined on an
absolute s Fig re 4 The ordinate of Figure 4 shows the open C|rcwt impulse areas in dB(st)

with an input matcked to he callbratlng generators will then be 60 dB(pV) Where the measuring bandwidth is
less than the_pulSe repejifion frequency, the curves of Figure 4 are valid when the receiver is tuned to a discrete
line of the~spéctrum.

NOTE 4=t 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 IF amplifier.

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

4.5 Selectivity
4.51 Overall selectivity (passband)

The curve representing the overall selectivity of the measuring receiver shall lie within the
limits shown in Figure 5, 6 or 7.

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.
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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), a high-pass filter-may can be added in front |
of the measuring receiver to achieve the combined selectivity of CISPR measuring receiver and high-pass filter as
shown in Table 3.

Table 3 — Combined selectivity of CISPR measuring receiver and high-pass filter

Frequency Relative attenuation
kHz dB
150 <1
146 <6
145 >6
140 >34 2N
130 281 N~

NOTE-2 The measuring receiver in conjunction with the high- fikemshowldMheet the|
requirements of this standard.

4.5.2 Intermediate frequency rejection ratio

The ratio of the input sine-wave voltage at the int i to that at the tuned
frequency that produces the same indication of i eiver shall be not less than
40 dB. Where more than one intermedia
each intermediate frequency.

4.5.3 Image frequency rejection fatio

[The ratio of the input sine,Ws a ag frequency to that at the tuned frequencyj
N\ s o -

easuring receiver shall be not less than 40 dB.
\Where more than onef\ ¢ C
image frequencies cor of intermediate frequency.
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Figure 6 — Limits of overall selectivity —
Pass band (see 4.5.1, 5.6, 6.6, 7.6) (Band B)
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Figure 7 — Limits of overa
Pass band (see 4.5.1, 5.6, 6.6,

4.5.4 Other spurious responses

an those specified in 4.5.2 and
same indication on the measuring

(6)

Jo is the tuned frequency.

NOTE, * Where more than one intermediate frequency is used, the frequencies f| and f,-may can refer to each of the
local oscillator and intermediate frequencies used. In addition, spurious responses-may can occur when no inpuf
signal is applied to the measuring receiver, for example, when harmonics of the local oscillators differ i frequency
by one of the intermediate frequencies. The requirements of this subclause therefore cannot apply in these latter
cases. The effect of these spurious responses is dealt with in 4.7. Examples of sources of spurious signals include
local oscillators (or their harmonics), internal clocks, computer boards, and their mixing products with the input
signal into the receiver.

4.6 Limitation of intermodulation effects

The influence of intermodulation effects on the response of the measuring receiver shall be
minimized. The following method shall be applied to determine the suitability of a measuring
instrument.

Arrange the apparatus as shown in Figure 8. The pulse generator has a spectrum sub-
stantially uniform up to frequency 3) but at least 10 dB down at frequency 4) of the
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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.

Sine-wave generator Filter, attenuation
frequency f 40dB atf

T3 6]

Pulse generator

iver

NOTE Following the discussion in 4.6, the measuring receiver responses are:

N

Frequency ran# 4) MHz
9 kHz to 150 kHz (BAntha) 0 0.3
0,15 MHz to 30 MHz (Baptg) 60

30 MHz to 300 MHz((,B’éQ\n\C \5\60 2 000 300 600
300 MHz to 1 00 Mhy\(B\E\Q) 500 6 000 1000 2 000

Connect/the
a conveni
for the same
for the other ban

erator output direct to the measuring receiver input and adjust for
titute the pulse generator for the sine-wave generator and adjusf]
ding. The pulse repetition frequency shall be 100 Hz for Band A and 1 000 HZ

\With thespulse generator connected as described above, switching the filter into circuit shall
introddce attenuation of not less than 36 dB for measuring receivers, and of not less than
20-dB for spectrum analyzers without preselection.

4.7 Limitation of receiver noise and internally generated spurious signals
4.71 Random noise

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

NOTE The point where the background noise causes an error of 1 dB can be found by applying a signal, S, such
that the meter indication is much larger (e.g. 40 dB) than the noise level N. By reducing the signal level S, the
meter indication will reach a point, S1, where (S4 + N) deviates by 1 dB from the linear characteristic.
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4.7.2 Continuous wave

Where-more-than-one-intermediatefrequency-is-used; The existence of spurious responses as

described in the note to 4.5.4 shall not introduce a measurement error in excess of 1 dB for
any signal input to the measuring receiver.-Fera-measuringreceiverincorporatingattenuation
in-thelF—amplifier; This requirement shall be regarded as satisfied if the receiver complies
with 4.7.1 when tested as described in 4.7.1-except-that-theattenuation-in-the-intermediate
stages-shall be-introduced-after the last mixer stage.

@#.8—Screening effectiveness
4.8.1 General

The screening of the receiver shall be such that when i
electromagnetic field of 3 V/m (unmodulated) at any fr
1 000 MHz, an error of not greater than 1 dB is produced &
CISPR indication range as specified by the manufact

The receiver is placed inside a screene
via a 2 m long well-screened cable (e.g

4.8.2 Limitation’of radio-frequency emissions from the measuring receiver
4.8.2.1 Conducted emissions

The radio disturbance voltage at any connecting pin of external lines (not only the mains
Lcllll;lld:b) bhd“ IIUt c)\bccd thc I;Illitb fUI bidbb B Uquiplllcllt givcll ill CISPR 11
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 51 dB(uV) across 50 Q.

4.8.2.2 Radiated emissions

The radio disturbance field strength emitted by the measuring receiver shall not exceed the
limits for class B equipment given in CISPR 11, 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, based on an ERP measurement.
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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).

4.9 Facilities for connection to a discontinuous disturbance analyzer

For all bands, the disturbance measuring receiver shall have-beth an intermediate-frequency

output-and-—an—outputfrom-the quasi-peak—detector if the instrument is to be used for the

measurement of discontinuous disturbance. The loading of this output shall have no influence
on the Indication of the-msroment measurement resuit.

5 Measuring receivers with peak detector for the frequency ra 9 kHzto

18 GHz

5.1 General

Spectrum analyzers and FFT-based measuring instru
clause can be used for compliance measurements.
measuring instruments shall sample and evg
measurement time.

5.2 Input impedance

The input port of the measuring receivers shall e ynbalanced. For receiver control settings|
within the CISPR indicatiop~range, the\no inp

wpedance shall be 50 Q with a VSWR,|

ments for receiver input impedance

%\W RF attenuation VSWR
dB

OkH2to 1 GHz 0 2,0 to 1
g kH2\o 1 GHz >10 1,2 t0 1

\1 GMNf to 18 GHz 0 3.0 to 1

)GHz to 18 GHz 10 2,0 to 1

Symmetric\input impedance in the frequency range 9 kHz to 30 MHz: a balanced input
transformer is to be used for symmetric (that is, ungrounded) measurements. (The preferred
inputtimpedance is 600 Q for the frequency range 9 kHz to 150 kHz.) Symmetric input
impedance may be incorporated either in the relevant symmetrical artificial network required
to-eouple to the receiver or, optionally, in the measuring receiver itself

5.3 Fundamental characteristics
5.3.1 Bandwidth

For all types of broadband disturbance, the actual value of the bandwidth shall be stated
when the disturbance level is quoted and the bandwidth is within the values in Table 6.
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Table 6 — Bandwidth requirements for measuring receivers with peak detector

Frequency range Bandwidth Bg Reference BW
9 kHz to 150 kHz (Band A) 100 Hz to 300 Hz 2 200 Hz (Bg)
0,15 MHz to 30 MHz (Band B) 8 kHz to 10 kHz @ 9 kHz (By)
30 MHz to 1 000 MHz (Bands C and D) 100 kHz to 500 kHz 2 120 kHz (Bg)
1 GHz to 18 GHz (Band E) 300 kHz to 2 MHz a 1 MHz b (Bimp)

a2 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 3.6). For othéer
types of broadband disturbance, this procedure may introduce an error. Therefore, d measured- with the
reference bandwidth shall take precedence.

b The bandwidth selected shall be defined as the impulse bandwidth of the measurjrfg a tolerance

of £10 %.

5.3.2 Charge and discharge time constants ratio

In order to achieve a meter reading within 10 % of the tr
rate of 1 Hz, the ratio of discharge time constant to ¢
greater than the following values:

a) 1,89 x 104 in the frequency range 9 kHz to 1
b) 1,25 x 108 in the frequency range <450}

c) 1,67 x 107 in the frequency range 30}

d) 1,34 x 108 in the frequency range 1 GH

between 30 ms and 3

NOTE For receivers that id forced’ discharge after the hold time) or digital peak detection
techniques, the req ent &n the argeMime constants ratio is not relevant. A maximum-hold function

of the display-may can™be

peak measurements, the video bandwidth (B,,4e,) shall be
or equal to the resolution bandwidth (B.,). For peak

For peak-measuring receivers, the overload factor does not need to be as high as it is for]
other types of measuring receivers. For most direct-reading detectors, the overload factor
shalltbe slightly larger than unity. The overload factor shall be adequate for the time-constants
used. (see 5.3.2).

5.4 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 instrument measures a sine-wave signal using a 50 Q resistive source
impedance.

5.5 Response to pulses

Up to 1000 MHz, the response of the measuring receiver to pulses with impulse area
1,4/Bim, mVs (where B, is in Hz) 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. with
rms value of 2 mV [66 dB(uV)]. The source impedances of both the pulse generator and the
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signal generator shall be the same. The pulses shall have a uniform spectrum according to
Table 2. A tolerance of +1,5 dB is permitted in the sine-wave voltage level, and this is a
requirement for all pulse repetition frequencies for which no overlapping pulses occur at the
output of the IF amplifier.

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.

Table 7 — Relative pulse response of peak and quasi-peak measuring receivers
for the same bandwidth (frequency range 9 kHz to 1 000

Ratio peak/dquasi- k (d
Frequency Aimp Bimp for puI/sré\{ etitme
100\@?

mVs Hz 25 Hz
Band A 6,67 x 10-3 0,21 x 103 6,1 \ }
Band B 0,148 x 10-3 9,45 x 103 N\ \ 66
Bands C and D 0,011 x 1073 126,0 x 103 AR\ 12,0

NOTE 1 The pulse response is based on the use of the referepce bandwidthionly tsee/Table 6).

NOTE 2 The values in this table result fropi\the nomyal pecifcat of thg detector weighting functions.
Therefore, verification by a calibration laborafory is\noKrequirdd.
N

using a pulse-modulated carrier at the|
ifofm spectrum up to 18 GHz are nof

Above 1 GHz, the required impulse area js_defi
frequency of test, since pulse generator
feasible. See E.6.

€
a

5.6 Selectivity

Since the band
in Figures 5, 6 ant'7

shape only, and
corresponds to 1

5.3.1 allow variations from the bandwidths shown
rves apply to peak measuring receivers in regard to
shall be scaled accordingly. For example, Bg/2
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NOTE 1 The limits for the impulse bandwidth cannot be show
depends on the type of the filter. Therefore bounds for the 6-4
orientation.

e redated filter attenuation
jdths have been given forn

: en measuring low level spurious signals in the presence
ynal for certain equipment-under-test, insert a filter at the
internally or externally) which provides adequate attenuation

Requirements for screening effectiveness, that is, the immunity to high ambient radiated
disturbances, are under consideration.

6 Measuring receivers with average detector for the frequency range 9 kHz to
18 GHz

6.1 General

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
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to measure narrowband signals to overcome problems associated with either modulation
content or the presence of broadband noise.

Spectrum analyzers and FFT-based measuring instruments that meet the requirements of this
clause can be used for compliance measurements. For emission measurements, FFT-based
measuring instruments shall sample and evaluate the signal continuously during the
measurement time.

6.2 Input impedance

The input port of the measuring receiver shall be unbalanced. For receiver control settings
within the CISPR indication range, the input impedance shall be nominally 50 Q with a VSWR
not to exceed the values stated in Table 5.

6.3 Fundamental characteristics

6.3.1 Bandwidth

Table 8 — Bandwidth requirements for measuxi eceivers with average detector

Frequency range/\ / \ (-\B?n\qmdt}slis Reference BW
9 kHz to 150 kHz (Band A) \@ Hz toM) Hz a 200 Hz (B,)
150 kHz to 30 MHz (Band % NMG kHz 2 9 kHz (B,)
30 MHz to 1 000 M((z (\%n% c anc@) g KHz to 500 kHz 2 120 kHz (B,)
1 GHz to 18 GHz (BaMd &) N >300 kHz to 2 MHz 2 1 MHz® (8,,,)

a2 The subject of pangwi dm If a bandwidth other than the reference BW is used, this
bandwidth shall statechwhemthe ance Ievel is reported.

b The bandw@%@l{ ed’shalNbe defined as in Table 6.

For receiversiwi verage detectors, the overload factor for circuits preceding the detector at

a pulse repetition rate of » Hz shall be B;,,./n, with B, in Hz.

imp imp

The Feeeiver 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).

6.4 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 measures a sine-wave signal with 50 Q resistive source impedance.
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6.5 Response to pulses

6.5.1 General

NOTE Annexes B and C describe methods for determining the output characteristics of pulse generators for use
in testing the requirements of this clause in the frequency range below 1 GHz.

6.5.2 Amplitude relationship

Up to 1 000 MHz, the average detector is defined as follows (linear average): the response of
the—measuring—Teceiver toputses—of repetitiom rate 7 Hz—and—mputse—areaof —H4/mms
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. with rms value of 2 mV [66 dB(uV)]. 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 data shown in Table .
be or-Band-A500-Hzfo ;.-ez and e--— or-Band 4d-D ance of-2.5

overload factors and a constant output level, is given in Table 9.

Table 9 — Relative pulse response 6f averayge
peak measuring receivers for the same bandw dth {freqiren

t|o uas eé&vera e indications (dB)
Frequency range of tition rate

measuring receiver
00 Hz 1000 Hz 5000 Hz

9 kHz to 150 kHz (Band A) ( 12,/4\ \
0,15 MHz to 30 MHz (Band B) \ \ \Qz\g«/ 22,9 (17,4)
30 MHz to 1 000 MHz (Bands E\Qnd\m\( \\/ (38,1) 26,3

NOTE 1 The pulse respons Wence bandwidth only (see Table 8).

NOTE 2 Values in ﬂt
NOTE 3 The value is\t

n e nominal specification of the detector weighting functions.
Therefore, verification/\ acali i s not required.
Above 1 GHZ'( medes of the average (weighting) detector are defined — linear
and logarith
For the line ctor, the response of the measuring receiver to pulses of repetition

rate n Hz and\impulse, area of 1,4/n mVs e.m.f. at 50 Q source impedance shall be equal to
the responsé&. of an~unmodulated sine-wave signal at the tuned frequency having an e.m.f. of
rms valuge)of 2 mV [66 dB(uV)]. The pulse shall be defined as a pulse-modulated carrier. The|
value @f*n shall be 50 000 Hz. A tolerance of + 1,5 dB is permitted on the sine-wave voltage
level.

For the logarithmic average detector, the response of the measuring receiver to pulses of
repetition rate 333 kHz (inverse of period 3 us) and impulse area of 6,7 nVs e.m.f. at 50 Q
source impedance shall be equal to the response of an unmodulated sine-wave signal at the
tuned frequency having an e.m.f. with rms value of 2 mV [66 dB(uV)]. A tolerance of + 4 dB is
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 E.6.

NoTE- 2 Average detection can be achieved with spectrum analyzers operated with a video
bandwidth B4, << Besoi in order to achieve proper averaging based on the repetition
frequency of the measured signal. For measurements based on a reduction of the video
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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(uV) and
60 dB(unV), the level obtained in the logarithmic mode is 40 dB(nV), whereas in the linear mode, the level of
54,1 dB(nV) represents the true average value of the signal.

6.5.3 Variation with repetition frequency

The response to repetitive pulses of a measuring receiver equipped with a linear average
detector shall be such that, for a constant indication on the measuring receivef)-the
relationship between amplitude and repetition frequency is in accordance with the foellowing
rule:

A tolerance of +3 dB to —1 dB is allowed in the frequency rs g est useable
repetition frequency to a frequency equal to B3/2/ a i
considerations.

Lyogav is the level indicated by the logarith
Tp is the pulse duration;

Ly is the pulse level in dB(uV);

Ty

Ly

then the following a

(7)

85 dB(nV) and the noise level Ly is 8dB(nV), 7, = 1/B; =1 ps,
A then\7, ~ 9 us. From this equation, Liggay = 15,7 dB(uV). In reality, Liggay 18 higher
eause the pulse signal at the IF output does not drop to noise level immediately after 1 ps.

NOTE 2 A tolerafice“is uhder consideration.

6.5.4 Response to intermittent, unsteady and drifting narrowband disturbances

The tesponse 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

1160 ms for Bands A and B and of 100 ms for Bands C and D_as depicted in Figure 11 _The
time constant is as defined in A.3.2. 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 10.
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E | Meter A )
nvelope »| Simulating - - Micro-
detector network D processor

IEC

Figure 10 — Block diagram of an average detector

For Band E, the meter time constant for the linear average detector is 100 ms. For the
ogarithmic average detector, the Tequirement 1S Under consigderation.

It is deduced from the above requirement that an average measuring receiver shall yiéld-the
maximum reading listed in Table 10 for a radio frequency sine-wave inpat signal moedulated
with repeated rectangular pulses having the duration and period indicated in\the table. A
tolerance of £1,0 dB is allowed for this requirement.

Table 10 — Maximum reading of average measuri
pulse-modulated sine-wave input in comparison
a continuous sine wave having the same am

modulation Ty=0,16s Tyw=0,1s

Duration =Ty, \)
0,353 (=-90d 0,353 (= -9,0 dB)
Period = 1,6 s
NOTE In Band E, this applies for the linear av age\iQéc\tor oRly. \ /

Repeated rectangular pulses for Band A/B receive/\ X0 Band.G/D receiver
VAN

TV AVY) Time—s o

NOTE 1 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.

NOTE 2 The response to intermittent narrowband disturbances—may can also 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.

Figure 11 — Screenshot showing response of the meter-simulating network
to an intermittent narrowband signal
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6.6 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 Figure 5 and 6, 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 7. For receivers having other bandwidths, Figures 5, 6 and 7
describe the shape only and the frequency axis shall be scaled accordingly. The curve
representing the overall selectivity of the measuring receiver reference bandwidth for Band E

hall lia within thao limite Af Einiira O
Ao e WHHH R e H RSO +—T1gHHe—-

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 transii n~430 kHz and
150 kHz (for example, mains signaling equipment as defined in EN 50065-1 [18]2), a K| i ay be added
in front of the measuring receiver to achieve the following combined selectivity o i i
high-pass filter:

Frequency Relative(attenuatjon
kHz B
150 RN
146 e\

145 () RPN
E\SILNEN
130 ( N e DOUse”

The measuring receiver in conjunction
of this standard.

spass filter should meet the requirements

6.7 Intermodulation effects i i screening

7 Measuring reg average detector for the frequency range

rms detecto epetition frequencies above a corner frequency f.) and the average
detector (for. puilSe repetition frequencies below the corner frequency f), thus achieving a
pulse response cuxy€ with the following characteristics: 10 dB/decade above the corner
frequency~and 20 dB/decade below the corner frequency.

Spectrum analyzers and FFT-based measuring instruments that meet the requirements of this
clause can be used for compliance measurements. For emission measurements, FFT-based
measuring instruments shall samplé and evaluaié the signal continuously during the
measurement time.

7.2 Input impedance

The input circuit of measuring receivers shall be unbalanced. For receiver control settings
within the CISPR indication range, the input impedance shall be nominally 50 Q with a VSWR
not to exceed the values in Table 11.

2 Figures in square brackets refer to the Bibliography.
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Table 11 — VSWR requirements of input impedance

Frequency range RF Attenuation VSWR
dB

9 kHz to 1 GHz 0 2,0 to 1

9 kHz to 1 GHz 10 1,2 to 1

1 GHz to 18 GHz 0 3,0to1

+-GHzto18-GHz= 15 2-0-to—4

Symmetric input impedance in the frequency range 9 kHz to 30 MHz: to
measurements, a balanced input transformer is used. The preferred inp
frequency range 9 kHz to 150 kHz is 600 Q. This symmetric inpyt\y £e may be
incorporated either in the relevant symmetrical artificial network n cotyple to the
receiver or optionally in the measuring receiver.

erm|t symmetrical

7.3 Fundamental characteristics
7.3.1 Bandwidth

The bandwidths shall lie within the values of Table 1

Table 12 — Bandwidth requirements for mtz&Gri\Fg r ce@rs wjith rms-average detector

Frequency range \_%dwidth
9 kHz to 150 kHz (Band A) / 200 Hz (Bg)
150 kHz to 30 MHz (Band B)  \  (( \; / 9KHz (B)
30 MHz to 1 oor(MQx\(Bgﬁis\s\}»q N LD 120 kHz (By)
1 GHz to 18RHZ and ) 1 MHz (Blmp)

NOTE The ¢ho in b |s defi @”as/the impulse bandwidth of the measuring
receiyghwith\a tolera f+

7.3.2 Overloagd

Above the corperXreg fied below, the overload factor for circuits preceding the
detector at a ‘ ate of n Hz shall be 1,27(B5/n)"2, with B; in Hz. Below the
corner frec the erload/factor at a pulse repetition rate of n Hz shall be above the

NOTE 1 “Corner ” is the pulse repetition frequency above which the rms-average detector behaves like
an rms detector{ahd beteyw/which the rms-average detector has the slope of a linear average detector.

The minimum pulse repetition rate without overload shall conform to the values given in
TableA3.

FabtetS—Mini I it te-without toad

Frequency range of Corner Minimum pulse Ratio peak/rms
measuring receiver frequency f_ repetition rate -average indications
kHz Hz dB
9 kHz to 150 kHz (Band A) 0,01 5 19
0,15 MHz to 30 MHz (Band B) 0,01 5 35,5
30 MHz to 1 000 MHz (Bands C and D) 0,1 31,6 40,6
1 GHz to 18 GHz (Band E) 1 316 40
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NOTE 2 With this type of detector it will not, in general, be possible to provide sufficient overload factor to
prevent non-linear operation of the instrument at very low pulse repetition rates for short pulses in Bands C/D and
E (the response to a short single pulse is only theoretically defined in these bands).

NOTE 3 Annex A describes the calculation for the overload factor for the rms detector. Annex B describes the
determination of the pulse generator spectrum. Annex C describes the accurate measurement of the output levels
of nanosecond pulse generators.

NOTE 4 For Band E, the test-may can be made with a pulse-modulated sine-wave signal, with an occupied
bandwidth of e.g. 2 MHz. E.6 gives the specification of an applicable test signal.

4 —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 measures a sine-wave signal with a 50 esistives.source
impedance.

7.5 Response to pulses

7.5.1 Construction details

NOTE Annexes B, C and E describe methods
use in testing the requirements of this clause.
7.5.2 Amplitude relatjenship

[The response of the me
e.m.f. at a 50 Q sourc

tuneable frequengi of E
of tuning, be

frequency having ah €

between the indi
Table 14.

\When external preamplifiers are used, refer to Annex J for applicable requirements.

Table 14 — Relative pulse response of rms-average and
quasi-peak measuring receivers

Frequency range of Pulse repetition rate Ratio quasi-peak/rms

measuring receiver -average 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

NOTE The values in this table result from the nominal specification of the detector weighting functions.
Therefore, verification by a calibration laboratory is not required.
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7.5.3 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 above the corner frequency f; shall be in accordance with the following rule:

amplitude proportional to (repetition frequency)=1/2,

Below the corner frequency f. the relationship shall be in accordance with the following rule:

amplitude proportional to (repetition frequency)=1.

The response curve for a particular receiver shall lie between the limits i

Table 15 — Pulse response of rms-average measurin

Repetition Relative equivalent level of{uls}i{ B\
frequency

Band A Band B Bandw “Ban\gE
He R

100 k - - (200 20K \20¥2,0

10 k - - 9?0{1,\0\ N0 £ 1,0
1000 - 0 (r;h& N /0 ((e?» ) > 0 (ref.)

316 - }5\i 5 \Qio,s) +10+1,0
100 6+0,6 ->102N,0 +10 £ 1,0 (+20 + 2,0)

31,6 - 1 15 +20 £ 2,0

7.5.4

that the measure 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, D and E. This can be accomplished
by the.meter-simulating network (analog or digital) to which the rms values described in 7.5.1
are used as input.

s deduced from the above requitement thatan Tms-average measuring receiver shatt-yrerd
the maximum reading listed in Table 9 for a radio frequency sine-wave input signal modulated
with repeated rectangular pulses having the duration and period indicated in Table 16. A
tolerance of +1,0 dB is allowed for this requirement.
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Table 16 — Maximum reading of rms-average measuring receivers for a
pulse-modulated sine-wave input in comparison with the response to
a continuous sine wave having the same amplitude

Repeated rectangular Band A/B receiver Band C/D/E receiver
pulses for modulation T, =0,16s T,=01s

0,398 (= -7,9 dB) 0,353 (= -9,0 dB)

Duration = T},
Period = 1,6 s

NOTE The value for the Band A/B receiver can vary by about + 0,5 dB due to
varying overlapping of the 160 ms pulse duration with the 100 ms rms integration
time duration.

7.6 Selectivity

The selectivity curves for the rms-average weighting receiver s
Figures 5, 6 and 7, for Bands A, B, C and D. For the Band E recei
given in Figure 9.

[The requirements of 4.5.2, 4.5.3 and 4.5.4 apply. For
under consideration.

7.7 Intermodulation effects, receiver noise,

For the frequency range below 1 GH
4.7 and 4.8.2 also apply for Band E.

For Band E, the following applies:

fundamental signal frem in i nder test, a filter shall be provided at the
input of the i i re adequate attenuation at the fundamental
frequency to ts of the receiver from overload and damage, and to
prevent the gerie - apd intermodulation signals.

NOTE 1 30dB a ati at the fundamental frequency of the equipment under test is normally|
adequate.

NOTE 2 K Yay be required to deal with more than one fundamental frequency.

Requirements cfeening effectiveness, i.e. the immunity to high ambient radiated

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

wanlitid af dictiirbhanos Mo da o canapifiad laval”
dITTYITUu T UT UlotuT vdaTrlive TALUUUS a opyuLuLItivu 1o vet .

APD can be measured at the output of the envelope detector or the succeeding circuits of an
RF measuring receiver or a spectrum analyzer. The amplitude of disturbance should be
expressed in terms of the corresponding field strength or voltage at the receiver input.
Usually, an APD measurement is carried out at a fixed frequency.

The APD measuring function will be an additional function of the measuring apparatus and
may be attached to, or incorporated in the measuring instrument.

The APD measuring function can be implemented using the following methods. One approach
uses comparators and counters (Figure G.1). The equipment determines the probabilities of
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exceeding a set of pre-assigned amplitude (i.e. voltage) levels. The number of levels equals
the number of comparators. Another possible method involves the use of an analog-to-digital
converter, a logic circuit, and memory (Figure G.2). The equipment can also provide the APD
figure for a set of pre-assigned amplitude levels. The number of levels depends on the
resolution of the analog-to-digital converter (e.g. 256 levels for an 8-bit converter).

APD measurements using the aforementioned function are applicable to products or product
families if their potential to cause interference to digital communication systems is to be
determined (see 4.7 of CISPR 16-3:2010/CISPR 16-3:2010/AMD1:2012, for background
material on amplitude probability distribution, APD, specifications).

[The following specifications apply to the APD measuring function. A rationale for“these
specifications is provided in Annex G.

e Specifications
a) The dynamic range of the amplitude shall be greater than 60
b) The amplitude accuracy, including threshold level setting &

¢) The maximum measurable time of a disturbance sha

d) The minimum measurable probalility shall be
e) The APD measuring function<sha

f) The sampling rate

e Recommended specifi

g) Amplitude” resoly
measuringnequij

of discontinuous distufbances (clicks).

A ‘click"has the following characteristics:

a)~the QP amplitude exceeds the quasi-peak limit of continuous disturbance,

b) the duration is not longer than 200 ms, and
c) the spacing from a preceding or subsequent disturbance is equal to or more than 200 ms.
A series of short pulses shall be treated as a click when its duration, measured from

the start of the first to the end of the last pulse, is not longer than 200 ms and conditions a)
and c) are fulfilled.

The time parameters are determined from the signal that exceeds the IF reference level of the
measuring receiver.

NOTE 1 Definition and assessment of clicks are in compliance with CISPR 14-1.
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NOTE 2 Current analyzers are designed for use with a quasi-peak measuring receiver of the type that works with
a limited internal signal level. As a result, such analyzers may not interface correctly with all receivers.

9.2

a)

Fundamental characteristics

The analyzer shall be equipped with a channel to measure the duration and spacing of
discontinuous disturbances; the input of this channel shall be connected to the IF output
of the measuring receiver. For these measurements, only the part of the disturbance has
to be considered which exceeds the IF reference level of the receiver. The accuracy of
duration measurements shall be not worse than +5 %.

NOTE 1 The IF reference level is the corresponding value in the IF output of the measuring receiver to an
unmodulated sinusoidal signal, which produces a quasi-peak indication equal to the limit for continuous
disturbances.

The analyzer shall be equipped with a channel to assess the quasi-p
disturbance.

amplitdde of a

The amplitude in the quasi-peak channel shall be measured 250\n
edge in the IF channel.

ast falling

The combination of both channels shall comply in all re
of 4.2.

equUirements

— the duration of the test in minutes;
— the click rate;

— the incidence of disturbances o
disturbance.

Figure 13 presents

Figure F.1 presents
performance{f}k
of CISPR 14-1:
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Test IEvaluation by
No. Test signal | the analyzer
I
| -
1 0,11ms/1 dB | 1 click
9,5 ms/1 dB I
2 f tctick
Background: noise or CISPR pulses, 200 Hz: -2,5 dB (QP) I
190 ms/1 dB
3 click
Background: noise or CISPR pulses, 200 Hz: 2,5 dB (QP)
hexthanyclick
4 1333 ms/1dB /\
5 210 ms/1 dB Q@Other than click
——
30 ms/5 dB 30 ms/5 dB I
6 I 180 ms I /\ /(> 6 | Other than click
30 ms/5 dB 30 ms/5 dB \—J !
130 ms | ;
7 I I 1 click
N '
30 ms/5 dB 30 ms§ dB |
8 | 2 clicks
DV |
| Other than click
9 fin. 21 pulses/0,11 ms/periodicity 10 ms/1 dB

|
| 1 click

11

12

|
- Band B: 1 166 ms/Band C: under consideration h 1 click
——————————— }

Band B: 1 034 ms/Band C: under consideration

L. | 2 clicks
I

190 ms/25 dB 30 ms/-2,5 dB/2 dB IF

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

Figure 13 — 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 17 — Disturbance analyzer performance test —

Test signals used for the check against the definition of a click (7 of 4)

Test signal parameters
1 2 3 4
QP amplitude of Duration
';;?J'slf:: of impulses f
o individually adjusted in the . Graphical presentation of
= relative to QP intermediate Separation the test signal measured |
” frequency output | of impulses . in the IF-output and
] reference r periodicit Evaluation by : :
= | indicati f th of the or periodicity the associated QP signal
indication of the measurement (IF-output) the analyzer
measurement receiver
receiver ms
dB ms
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
1 1 0,11 1 cIickQ
/\ \/
6 Wwﬁwwﬁm
1s
20| 1 9,5 % § click
\ S
3a 1 /\ ?K> 1 click
QX\\
22s
4 1 41333b Other than
click
Aany %
2s
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Table 17 (2 of 4)

Test signal parameters

1 2 3 4 5
QP .amplltude of Duration
impulses - f
- of impulses
. adjusted . N . .
S individually af‘J;JSted(;l_“ :he Separation Graphical presentation of
. intermediate the test signal measured
s reLae?;’fe:‘(::eQP frequencyv output of imnulses E | 5 RN u:g ‘P 4+ o
o } Y f RULSE - in-the-H~output-an
dicit valuation by . .
F | indication of the meagfu:z(ranent OEIE?;LOtpf;)V the analyzer the associated QP signal
measurement oivor relaflve. to .the reference
receiver ms indication of tht:,\
ms me ent receiver
dB
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2 A (\
5 1 210 Other than >
click (210 m
N,
NS
",
\ AN
X ™
iy
& W v
)\/ 1s
6 5 5 30 30 3 Otherthaf
chick (240 ms)
AASS Inmn
Qs -
A \/\> 1s
7 5 \ 30 W 130 1 click
Q X \\
Te
8 5 5 30 30 210 2 clicks
//’—\\
/
WFWWWWW
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Table 17 (3 of 4)

Test signal parameters
1 2 3 4 5
QP amplitude of Duration
';;fl:'slf:: of impulses f
g individually adjusted(:n the s " Graphical presentation of
- intermediate eparation the test signal measured
s reLae?;’fe:‘(::eQP frequencyv output of imnulses E | 5 Har N u:g ‘l’ 4 "
i } y } puise - in-theH-outputan
. Fete of the or periodicity valuation by : :
= indication of the (IF-output) the analyzer the a_ssomated QP signal
measurement measurement p relative to the reference
receiver receiver ms indication of the
ms me ent receiver
dB
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2 (\
9 1 0,11 Periodicity 10, Other than S
minimum 21
pulses
i
/\ i ar W
t BRI
10| -25 25 30 30 |\ 2 Tolick”
\\)\/ : -
Q |
: /
A \/\ > 1s
11| 25 26¢ 190 W 1034 e 2 clicks d
/\ > RN
QX N / \\\
X i N
| -
™~
'ﬂ‘.l Wl ‘_r.*‘n_, o |
12 25 -2,5¢ 190 30 1166¢€ 1 click
4RhN
\\
[ N
| N
I
N
s Iadpai
2s
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Table 17 (4 of 4)

a2 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 receiver which show the 200-Hz pulse. When the pulse-modulated sine wave arrives, the 200-Hz-
pulse is no 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 j
peak threshold is not exceeded

ceeded but-the quasi-

€ The correspondent values for the frequency range above 30 MHz
revised after further investigations.

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

9.3 Test method for the validation of the perfarmance
9.3.1 Basic requirements

The disturbance analyzer is connected
convenient frequency.

and 3.

The pulsed CW s;

a) The CWc¢sighal is connected to the input of the measuring receiver used in conjunction
with the~disturbahce analyzer. The amplitude of the CW signal is adjusted to bring the
meter indication 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.

b) The pulsed CW signal is connected to the input of the measuring receiver. For test
numbers 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.


https://standardsiso.com/api/?name=9b04824683db2b73e3a31bd51abe6378

CISPR 16-1-1:2015 RLV © IEC 2015 - 47 -

9.3.2 Additional requirements

The test method is identical to the one described in 9.3.1a). The parameters of the signal are
given in Table F.1.

@%
S
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Annex A
(normative)

Determination of response to repeated pulses of quasi-peak
and rms-average measuring receivers
(See 3.6,4.4.2,7.3.2and 7.5.1)

A 4 O onora
L ucllclﬂl

This annex sets out the data for the numerical calculation, and the procedure for establishing
the curve of response to repeated pulses. The assumptions inherent in wethod ‘ane also
stated. The calculation is divided into three successive stages.

NOTE The text on the rms detector in this annex deals with the rms measuring {ecelive applies to|
the rms-average measuring receiver above the corner frequency f, as defined in Clayse \{.

A.2 Response of the pre-detector stages

The pulse response of these stages is, in general, « i by~the IF stages that
define the overall selectivity of the receiver.

[The envelope of the p

A(I) = 40)0 Ge_wo@

(A1)

The envelGpe of theresponse of two critically-coupled tuned transformers to an impulse area
vt is, from/the previous equation:

= (Ur)4a)0Ge_w0t (Sin wot — wgt COS a)ot) (A.2)

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

2
F(f)=Gx 209 (A.3)

[(a)o+jw)2+wgr

where o = 2xf.

The bandwidths B; and Bg will be:
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[ xYlV2 -1 :|a)0 (A.4)
By = = 0,361y '
V4
\/EX 0)0
Bg = = 0,450 (A.5)
T
The ffe tiv’e band gty ~Af o e~ ar Aol o idaosliozad f\‘tﬂ paloye £ilbay iy gie

v thao
T tCT ulvlllu T IC

effee te
same rms value of response as an actual receiver, is equal to the power bandwidth Af defined

A = [LJ "R (A.6)

where

F(f) is the selectivity curve;

Fo is the maximum value of F(f) (assuming a single peak’seles curve).

The power bandwidth is then, for Fp =
+00

of = [P (A7)
Taking F(f) from Equatio \ e/have:

Af = (A.8)
this leads to

Af =0, (A.9)
thus:

By = 0,968 Af (A.10)

A3 Response of the quasi-peak voltmeter detector to output of preceding
stages

A.3.1 General

The calculation is made on the assumption that the connection of the detector circuits to the
output of the last IF stages does not affect either the amplitude or the shape of the signal
therefrom. In other words, the output impedance of this stage is regarded as negligible
compared with the input impedance of the detector.

Any detector may be reduced to the form (actual or equivalent) of a non-linear element (for
example a diode) in association with a resistance (total forward resistance §) and followed by
a circuit consisting of a capacitance C in shunt with a discharge resistance R.
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The electrical charge time constant 7. is related to the product S x C, while the electrical
discharge time constant 7 is given by the product R x C.

The relationship between T and the product § x C will be established by obtaining, in a time
t = Tc, an indicated voltage of 0,63 times the final steady value when a constant amplitude RF
signal is suddenly applied.

The voltage U across the capacitor is related to the amplitude 4 of the RF signal applied to

the detector hy the nqnafinn-

d—U+UI(RC): A(sin6 — 6 cos 6)
dt TxSxC

where @ is the conduction angle (U = 4 cos 6).

constants chosen satisfies the above conditions, is found by
example:

in Band A:
in Band B:
in Bands C and\D:

By inserting the
isolated pulse or Yepes

gquation (A.11), this may be solved for either an
by methods of approximation) by introducing, in

place of the constanba ' vhction 4(z) given by Equations (A.1) and (A.2).

This case of sfepeg an be solved practically only by arbitrarily assuming a level for
the output volage 0 actor at the start of each pulse, by determining the increment AU
of this ed by\the pulse, and then finding the spacing which shall exist between
two successj es™in order to repeat the assumed initial conditions.

A.3.2 Responseof the indicating instrument to the signal from the detector

The only“simplifying, but perfectly legitimate, assumption is that the rising portion of the
outputvoltage of the detector is instantaneous.

I'he Tollowing characterisiic equation then has 10 be solved.

—t/TD
2
d_§’+[ > daJ+i2a= 1 (A12)
dt Ty dt iy TI\%
where

o(t) s the instrument deflection;
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Tp is the electrical discharge time constant of the quasi-peak voltmeter;
Tm 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
dibuidt;ull bcuunlca nore bump“batcd. At thb‘ btdlt Uf Udbh puiac, thc illbtlulllcllt deiUbtiUll ib
varying and it is necessary to find a solution that takes account of the initial position and
velocity.

A.4 Response of rms detector to output voltage of precedir

A.4.1 Output voltage and amplitude relationship

By definition, the output voltage of the rms detector is given by:

o g2 112
Unms = nj A 4 (A.13)
0o 2

[The output may also be deduced from the frequene ponse curve as:

= A.14
Urms l:nj._oo 2 ( )
where vris the ar; fform frequency spectrum.
This gives:

U =2 ; 2 (A.15)

\Which, from.-Equation

Urmszﬁxvrx\/;x\/z (A.16)

(A.7), gives:

From Equation (A.16), the amplitude relationship may be deduced by taking:

Urms = 2 mV, when n = 100 Hz
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thus:

1?/(%5 uVs (A.17)

T =

or from Equation (A.10):

139

Vs
\/E M (A18)

A.4.2 Calculation of overload factor

vT =

[The overload factor corresponding to a pulse repetition frequen
follows.

From Equation (A.16):

Urms = (07)x (2nAf )1/2

From Equations (A.1) and (A.2), and fg

A(t)peak = 0,944 X vTX ay

Thus the overload factor:

A1) peak _
V2 x Urms

(A.19)

gation of rms meter and quasi-peak meter

e rms meter that states the value of pulse (v7),.,. for the case

rms

For the selectivity characteristic quoted in Equation (A.3), this corresponds to:

(1) — 155
ms — ——
\Bs

when reference is made to the bandwidth at 6 dB.

WVs

For the quasi-peak receiver, the value of pulse (v7)
signal of 2 mV, is as follows:

qp’ which is equivalent to a sine-wave

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


https://standardsiso.com/api/?name=9b04824683db2b73e3a31bd51abe6378

CISPR 16-1-1:2015 RLV © IEC 2015 -53 -

(v7)gp =0,316 1Vs
for the frequency range 30 MHz to 1 000 MHz:
(v7)gp = 0,044 Vs

Thus for measuring receivers having band-pass characteristics according to Equation (A.3)
and a bandwidin at 6 dB equal to the nominal bandwidins prescribed in Clauses 4, 5, b and, 7
the following relationships for (v7).,¢/(v exist:

ap

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

Woms _ 143 dp

(UT)qp

for the frequency range 30 MHz to 1 000 MHz:

Wo)ms _ 201dB
(UT)qp
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Annex B
(normative)

Determination of pulse generator spectrum
(See 4.4,5.5,6.5,7.5)

B.1 Pulse generator

B.1.1 General

For checking compliance with the requirements of this standard, a pulse generator ismeeded.
Compliance with the requirements of 4.4, 4.6, 5.5, 6.5 and 7.5 may be t

generator technique.

capable of producing pulses with the impulse area specified a geof repetition
frequencies given in Table B.1. The impulse area should A +0,8'dB and the|
repetition frequency to within about 1 %.

Table B.1 — Pulse generattr(lga}aker\is
N\ A
Frequency band of Impulse\are % @epetl jon frequency
receiver under test
s Hz
MHz x

0,09 to 0,15 1,2,5,10, 25, 60, 100

13,
0,15 to 30 \ Noae \ N\ | 1.2 10, 20, 100, 1000
M4 \\)

30 to 36({ ( 1,2, 10, 20, 100, 1 000

300 t+\\()00 ) w 1,2, 10, 20, 100, 1 000
abl

e generatoryshquld e\cs&> of producing pulses of adequate impulse
arealyith a spectrum<yp toY{ 00 Hz4s uniform as possible.

B.1.2 of\thegenerated pulses

[The spectrun i cupve that represents as a function of the tuned frequency of the
receiver un he g ariation of the equivalent voltage at the input of a measuring
nt bandwidth.

The spectrum_sheuld pe substantially constant up to the upper limit of the frequency band of
the receivér-inder test. The spectrum may be regarded as satisfactorily uniform if, within this|
band, th'e variation of the spectrum amplitude is not greater than 2 dB relative to its value for
the lower 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.

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.
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For measurement of the variation of the spectrum amplitude with frequency, the following
method may be used.

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, B; Hz, of the receiver at the —6 dB points,

b) the rms value, E,, of the output from a standard signal generator having the same
impedance as the pulse generator and tuned to the mid-band of the receivery‘and
producing on the oscilloscope a deflection equal in amplitude to t eak ofs/the RF
pulses.

The relative spectrum amplitude at each frequency is taken to be:

_fo

S:)= 5.

using the quasj
frequency of the
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Annex C
(normative)

Accurate measurements of the output of
nanosecond pulse generators
(See 4.4, 5.5,6.5,7.5)

-

Mo -a-ciilrans-on £t o ava o
wr

C.1.1 General

[Theoretical and practical investigations have shown that, when applied \ onable care,

accurate methods of measurement include those given in C.1.2 to C.156

C.1.2 Area method

frequency f having a symmetrical amplitude character
characteristic (in conjunction with a filter, an amplifier r
its linear range).

[The total area under the envelope A(¢fA) of the
account the sign of different parts of is W
equation:

2(dimp) = S(1) = [4 (0, )t (€1

where
S(f)
A(t.f)

is taken direc O anh ossilloscope for the area measurement.

In a varjation of this method for pulses of duration much shorter than the period of the
frequency/f), the impulse area can be measured directly as an integrated area by means of a

suitable. oscilloscope (for example, for nanosecond pulses, a sampling oscilloscope is
required), the integration taking into account the sign of different parts of the area.

C.1.3 Standard transmission line method

A transmission line of length corresponding to propagation time 7 and charged to a voltage 7
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 2vr 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 be determined as follows:

Vi V2
mp = K VN2 (C2)

2F 2F

where 7, = V42 is the peak value of the k-th harmonic.

C.1.5 Energy method

Another method compares the power produced
produced by the pulse generator. However, the @
what less than with the three method
frequencies of the order of 1 000 MHZz:

(resistor) with that]
this method is some-
ethod may be useful at

C.2 Pulse generator spectrum

within-the frequency passband of the receiver, and the spectrum irregularity does not
exceed 0,5 dB within the receiver passband measured at the —6 dB points;

b) f \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
thramtheTeceiver passbandatthattevet:

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
(See 4.4.2)

The level of the pulse response curve for high repetition frequencies depends essentially on
the magnitude of the bandwidth. On the other hand, for low repetition frequencies, the timeg
constants play the more important role. No tolerance has been stated for these ime
constants, but it is suggested for guidance that a value of 20 % is considered reasonablg{

to 100 Hz.
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Annex E
(normative)

Response of average and peak measuring receivers
(See 6.3.1)

E.1 Response of pre-detector stages

It is shown in [19] and [20] that the area under the envelope of the impulse response curve-ofi
a narrowband circuit having a symmetrical frequency characteristic is independent ©f the
bandwidth, and is given by:

~+00

jA (t)dt = 201G (E.1)

—o0
where v and r are the amplitude and duration of a rectangular Qulse i << 1 and
G, is the gain of the circuit at the centre frequency
This theorem is valid only in the case of a non-oscilla
is characteristic of double-tuned circuits, and unless a phiase s tector is used, it may|
be necessary to compensate by calibration the e the oscillatory response. In
the case of critical coupling, the second™peak ¢

NOTE The response of the pre-detector stagesh\as d € A2 i scillatory. Therefore, the calibration error
introduced by the oscillatory response—sh ) g with a biased tolerance of +2,5 dB/-0,5 dB|
in 6.5.2.

For calculatiqQn o%,0 ad’ factor and for use in connection with peak measuring receivers, it
is useful to defi guantity known as the effective impulse bandwidth of the pre-detector
circuit as follows:

A(!)max

26, (E.2)

Bigp(=

where A(t),.x is the peak envelope output of the intermediate-frequency stages with a unit
impulse applied.

From the work leading to Equation (A.19), we have:

Bimp = (09244}00 = 105B6 or1 31B3 (E3)

where Bg and B; are defined in 3.6.
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For other types of tuned circuits, the ratio of Bjy,p to Bg may be estimated from Figure E.1 if
the ratio of B,y to By is known, where B, is the bandwidth at 20 dB.

1,20

el 81,15 <~
55 Single-tuned stages /

= A\ -

g y

— 1,10

[

o /

© /

o

8 1,05

/ Double tuned stages critical couan\Q
1,00 — \ >
QAR
\4\>

0,95
1

IEC

imp/Bg for other tuned circuits

E.3 Relationship be: 'o%a average and a quasi-peak
measuring recei

At a repetition rateNo
average measuring

at the tuned frequex

Xlse area required to produce a response on an
e response to an unmodulated sine-wave signal
from a signal generator having the same output

or = 2 X (E.4)

At a repetition 100 Hz, vris 14 pVs.

Therefore,)from A.5 the ratio of (v7),,, t0 (Uz’)qp to produce the same indication will be:

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

Mzszg dB
(ur)qp

for the frequency range 30 MHz to 1 000 MHz:

%:501 dB
(ur)qp

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.
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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 percentage of the reading
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 this curve, it should be noted
that:

AC _ 1/ 1C E.5
R ALTDJ (E.5)

where T and T are respectively the charge and discharge time constantg.

For example, if it is desired to have the receiver read at least 90 % epetition
rate of 1 Hz, it would be necessary to have a discharge-time consta gonstant
ratio of:
1,25 x 108 in the frequency range 0,15 MHz to 30 MHz;
1,67 x 107 in the frequency range 30 MHz to 1 000 M
E.5 Relationship between indication of (@ pe

measuring receiver
The value of impulse area, 4,,, require se a response on a peak measuring
receiver equivalent to the response| to d sine-wave signal at the tuned
frequency of rms value 2 is:

M Vs (with Bimp/in

imp

(E.6)

From the 6 dB band

le H.1, the B;,, values are obtained as 1,05B8¢ (see
E.2). These valu

engorresponding 4;.., values required for a peak meter are shown in

imp
Table E.1.
Q D imp’and 4;,,, values for a peak measuring receiver
\ Fr qu y Aimp,peak Bimp
mVs Hz
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 yalges _givgn as a) in Table 1 for 4;,, oo, the ratio of 4,5 qp 10 Aimp. peak
to produce the same indication is:
For Band A 6,1 at 25 Hz pulse repetition frequency;
For Band B 6,6 at 100 Hz pulse repetition frequency;

For Bands C and D 12,0 at 100 Hz pulse repetition frequency.
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o0 pulses and to verify the amplitude relationship of
: it is practical to use a pulse-modulated carrier tuned to
se width shall be less than or equal to (1/3 Bimp). The accuracy

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 Bimp of 1 MHz, an impulse
area (e.m’f.) of 1,4/ Bimp mVs is required, that is, 1,4 nVs for a response equal to that of an
unmodulated sine-wave signal tuned to the receive frequency having an e.m.f. with rms value
of-2'mV [66 dB(uV)]. A pulse-modulated carrier having the required impulse area can be

haratad it A DO P | PPIP= E1 b-avwwa—in—T-abl = 2
CHTTatCu wWillt uic valrivuo PuUulioT WIULlITo do olffuUwiIT T TAdVIC L. 4.
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Table E.2 — Carrier level for pulse-modulated signal of 1,4 nVs

Pulse width Carrier level (e.m.f)
wp/ns Larried/dB(nV)
100 86
200 80

For a measuring receiver with a linear average detector, the impulse area (e.m.1.) equal to an
unmodulated sine-wave signal at the receive frequency having an e.m.f. with rms value™of
2 mV [66 dB(uV)] shall be 1,4/n mVs (n being the pulse repetition rate). For n = 50 000;-the
impulse area is 28 nVs, that is, 26 dB higher than for the peak measuring ejver withma B;

imp|
of 1 MHz.

For a measuring receiver with an rms detector, the impulse to an
unmodulated sine-wave signal at the receive frequency having~an\e alue off
2 mV [66 dB(unV)] shall be 44(B51/2) uVs for pulse repetition<rate an impulse
bandwidth B;,, of 1 MHz, the corresponding B3 is 700 k ed impulse|

area is 52,6 nVs, that is, 31,5 dB higher than for the peak :

1 MHz.

>RBY 9
VB kHz 61,99 dBpVvV

et 0B ¢ a0 g \swr 3 1 128,600 000 00 MHz

e %0 Q >
CLRWR
70 <
60

(BN

L PRN
S INA
TR

'\ i
RN
O\/
N

-10

Center 128 MHz 5 MHz Span 50 MHz

IEC

Figure E.3 — Example (spectrum screenshot) of a pulse-modulated signal
with a pulse width of 200 ns

E.7 Measurement of the impulse bandwidth of a measuring receiver

E.7.1 General

The impulse bandwidth B, of a measuring receiver is defined as the peak value U,
(measured by the receiver) divided by the pulse spectral density D of the test pulse:
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U,

p
= (E.7)

Bimp =

If Up is measured in uV and D is given in uV/MHz, then B, will result in units of MHz. Both
quantities, U, and D, are assumed to be calibrated in rms values of an unmodulated sine
wave signal, which is the case for CISPR measuring receivers.

The pulse spectral density D will frequently not be available as a precise reference quantity.
In order to reduce the uncertainty 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 ),

when using the rms detector of the measurmg receiver). B; mp is det
curve of the IF filter, the (possibly non-linear) phase response €
bandwidth of the receiver. It is wider than Bg, but there is no ge
between B;,,, and Bg or B3 of the receiver.

E.7.2 Method 1: Measurement by comparison of the

carrier frequency as shown in Figure E
appear as a broadband signal as in Figure

ulse width (at 50 % points)

1T Pulse repetition frequency (PRF)
1
T

=
I

Carrier signal frequency

IEC

Figure E.4 — Pulse-modulated RF signal applied to a measuring receiver
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RMS value of peak
of transient response

measurement results

B £ s
) - x —1
imp p1 U,

Frequency
IEC

imp Much wider than the prf

amplitude U, can be expected as Up = Uy x 7x f,1. Low
e achieved by a high signal-to-noise ratio. But care shall be
he second measurement, the maximum response of the rms

ansient can be expected as U, = Uy x7 x Bjy,,. If the product Uy x 1
th measurements, then B;,, can be calculated from the two

3s shown in Figure E.7 using Equation (E.2):

(E.8)
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U2 oo Up = Uy x Tx [

Receiver response

Jo2 > Bimp Jo = Bimp

available, method 2 can be applied wi X i $sed on the same principle
as method 1 i I gh prf signal, the second
measurement is made with a filter muc ¢ 8 he method is also described
in C.1.5

[This method determines the ity D\using the equation D = Uk/f where Uy
is the measured voltage he carrier frequency, if the S|gnal is a
pulse-modulated carri ¢/ receive frequency, at which B;,,, is to be
measured) and f, is the p halNbe much higher than the narrow bandwidth and

much lower tha £. Bnarrow € fp « Bimp- Example settings could be
B arrow = 9 kHz, MHz The method requires a comparison of the
responses of the ~ ' arid of the filter to be measured by applying an
unmodulated sing i

calculation of D being the value for the wide filter and U, being the value

for the narro : D = cxUlf,. When D is determined, U, is measured with the

This methed<has the/advantage of high precision and is applicable for filters with a perfectly
linear selectivity function (e.g. digital filters, or per specification by the manufacturer) and
where<the video bandwidth is much wider (e.g. 10 times) than the impulse bandwidth

(B » B

video |mp)

In this case, the impulse bandwidth of a measuring receiver is defined as the area of the
normalized linear selectivity function U(f), with 1/U,,,, as the normalization factor:

Bimp =—— [T (1)ar (E.9)

Umax

Measuring receivers with high-resolution digital frequency displays can be tuned in N steps of
Af to measure the selectivity function U(f,). Measurements between the 60 dB points with 100
steps (N = 101) are usually sufficient for a correct bandwidth measurement. Analogous, a
swept receiver can be set up such that its start and stop frequencies coincide with the 60 dB
points of the filter curve and a sweep is taken to obtain the amplitude values. The test signal
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will be a CW signal to trace out the filter shape of the filter under investigation. In this case,
the impulse bandwidth can be measured and calculated using

N
Y ) Ul (E.10)

Bimp =
e Umax 51

Figure E.8 depicts an example of a normalized linear 1 MHz selectivity function.

1 MHz

MHz

-3 000

IEC

Figure E.8 — E q 2 i linear selectivity function
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Annex F
(normative)

Performance check of the exceptions from the definitions
of a click according to 4.2.3 of CISPR 14-1:2005

For the application of the exceptions given in CISPR 14-1, the disturbance analyzer shall
provide the following additional information (refer to Table F.1 for test details):

a) the number of clicks of duration equal to or less than 10 ms;

b) the number of clicks of duration greater than 10 ms but equal to or less than 20 ms;

c) the number of clicks of duration greater than 20 ms but equal to or less than\200.ms;

d) the duration of each registered disturbance the amplitude of whigc] : QP level

limit for continuous disturbance;

e) an indication that the appliance failed the test, if it is clea rbances

exceptions can be applied;

f) the time interval from the start of the test to the o
under e);

g) the total duration of disturbances other than ch 3 vel limit of which exceeds the

limit for continuous disturbance;
h) the click rate. << :
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Table F.1 — Disturbance analyzer test signals 2 (1 of 5)

Test signal parameters

Crt

CF

1 2 3 4 5
QP Amplitude of Duration of
impulses adjusted impulsesP
individually adjusted in the . Graphical presentation of
Test relative to QP intermediate Separation of the test signal measured
No. reference frequency output | impulses or | Eyajyation in the IF output and
indication of the of the perioarcity by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
receiver receiver ms indication of the
measurement receiver
dB ms
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
< 1
1 1 0,11 1 click N
<10 ms
INNIN
\\\ \
N \><
N
bR
<\ 6 )\/ 500 ms
2 1 9,5 N Delick”
< <10 ms
] 1y 1
<O \ b
/\< \/x 500 ms
3 1 %\ 1 click
>10 ms,
<20 ms

500 ms
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Table F.1 (2 of 5)

Test signal parameters

1 2 3 4 5
QP Amplitude of Duration of
impulses adjusted impulsesP
individually adjusted in the . Graphical presentation of
Test relative to QP intermediate Separation of the test signal measured
No. reference frequency output | impulses or | Eyajyation in the IF output and
indication of the of the perioarcity by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
receiver receiver ms indication of the
measurement receiver
dB ms
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
< {
4 1 19 1 click N
>10 ms,
<20 ms< \
N
s\ ><
\> A b b | "
6 i
( )\/ 500 ms
5 1 21 N Netick”
< >20 ms
/\<\/\\/¥ 500 ms
6 1 190 1 click
> >20 ms
- —
S Vi ™~
e
7 5 5 210 210 150 IF
only once per
program cycle
or per
minimum ]
observation S ™~
time: counted .
as
1 click >20 ms
(See E2 and
Note 1 of this
table, T 1
600 ms rule) 1s
OTHERWISE

Continuous disturbance (570 ms)
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Table F.1 (3 of 5)

Test signal parameters

1 2 3 4 5 |
QP Amplitude of Duration of
impulses adjusted impulsesP . .
individually adjusted in the Graphical presentation of
Test relative to QP intermediate Separation of the test signal measured in the
No. reference frequency output | impulses or Evaluation IF output and the associated
indication of the of the perioditity by the QP-sigmatTetativetothre
measurement measurement (IF-output) analyzer reference indication of the
receiver receiver measurement receiver
ms
dB ms /N
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2 /\\
AN {
8 5 5 220 220 190 FAIL
Continuous
disturb
isturbance NN N
(See E2~and \ NA
)
< 15
9 5 5 190 190 4 19 !
e final click
\(\ )I; is less than
/—’_\\
\)\/ 2 clicks >20 ms -
(See E4 and i
Note 1 of this
table;
refrigerator rule;
also see Note 2 -
(\ of this table)
\ OTHERWISE IF
only once per program cycle or once during the
minimum observation time:
counted as 1 click >20 ms
(see E2 and Note 1 of this table)
\/ OTHERWISE
Fail: continuous disturbance (570 ms)
10 5 5 50 50 185 IF

the final click
rate is less than

o:
2 clicks >20 ms

(See E4 and
Note 1 of this
table; also see
Note 2 of this
table)
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Table F.1 (4 of 5)

Test signal parameters

click amplitudes are too high.)

1 2 3 4 5
QP Amplitude of Duration of
impulses adjusted impulsesP
individually adjusted in the . Graphical presentation of
Test relative to QP intermediate Separation of the test signal measured
No. reference frequency output | impulses or | Eysjyation in the IF output and
indication of the of the peETIoUICIty by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
receiver receiver ms indication of the
dB ms measurement receiver
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
OTHERWISE IF
le g during
nteéd as
of this\able, 2 x 285 ms
N\
11 20 20 15 5 <
290 % of the clicks < 10 ms
are PASS
registered;
we e E3, Note 1 and Note 3 of this table;
eparation
(\ B pweenea a measurement of the click amplitudes is not
h e is required.)
% 13
12 | 20 @ 15 8-\ Plise 1+ |35 clicks < 10 ms
Pulse 2, .
< ?e;eated until |5 clicks > 10 ms, < 20 ms
40 clicks are | _ 99 9, of the clicks < 10 ms
registered,
where the (see E3, Note 1 and Note 3 of this table.
separation . .
between each |NO exception is applicable.
impulse is After application of upper quartile method
X\ 13 s the final result will be “FAIL” because the
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Table F.1 (5 of 5)

CISPR 14-1:2005, 4.2.3, contains the following exceptions:

e E1 - “Individual switching operations”
This exception can be evaluated only by the operator, not automatically by the disturbance analyzer. It is
mentioned here to avoid confusion with the numbering of the exceptions for users of both this standard and
CISPR 14-1.

e E2 - “Combination of clicks in a time frame less than 600 ms” (“600 ms rule”)

tprogram-—controted-apphances—acombinationofctickstratimeframetess-than666-msis—eHowed-once
per selected program cycle. For other appliances such a combination of clicks is allowed once during the
minimum observation time. This is also valid for thermostatically controlled three-phase switches, causing
three disturbances sequentially in each of the three phases and the neutral. The combination of clicks is
considered as one click.

e E3 - “Instantaneous switching”
Appliances which fulfil the following conditions:
— the click rate is not more than 5,
— none of the caused clicks has a duration longer than 20 ms, and
— 90 % of the caused clicks have a duration less than 10 ms,
shall be deemed to comply with the limits, independent of the amplitude<of thexcligks\[f-one ese

e E4 — “Separation of clicks less than 200 ms” (refrigerator rule)
For appliances which have a click rate less than 5, any two djs

NOTE 1 The analyzer has to apply exceptidn

following calculation shows:

e Including the click at “0” seconds for the check waveform and 12, the required 40 clicks are counted
after 13 s x 39 = 507 s, i.e« i ate ¥’ 40 5 = 4,734 (less than 5 as required — here all

depends on whether 90
Therefore the check wavefor i 20 dB over the limit) never can pass the upper quartile
check according t SP t no more than 25 % of the clicks are allowed to exceed
the click limit.

a Test signals used fokthe
according to CIS |

b The rise tim955{1c e puls onger than 40 ps.

=
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Test " Evaluation by
No Test signal I the analyzer
|
I
1 0.11 m/1 dB | 1 click <10 ms
I
2 9,5 ms/1dB | 1 click <10 ms

10,5 ms/1 dB m >10 m's;<20 ms

|
21 ms/1 dB click >20 ms

|
4 I 19 ms/1 dB /\ '1%10 s, <20 ms
\\\> 1 click >20 ms

6 I 0TS B

v 1 click <600 ms
7 210 ms/S dB 210 ms/5 dB (\ N I(DUT programme-controlledl)
I
\_j Continuous
8 220 ms/5 dB 600 ms
! 1 click <600 ms
190 ms/5 dB | (counted as 2 clicks
9 refrigerator rule)

|
for N <5 - 2 clicks
I for N >5 - continuous| or

1 click <600 ms
for programme controlled(DUT

10 50 ms/5 dB @
I s,

1 15 ms/20 dB A\

|
3s Br3sgN\i3s 13 | I 13s I 3s Irepeated up to 40 counted cllcks 4 clicks >10 ms, <20 ms

36 clicks <10 ms

|
Rx\8 pulses/5 ms/20 dB | 35 clicks <10 ms

12 v
Msl 13 SI 133| 13sf 13s repeated up to 40 counted clicks I5 clicks >10 ms, <20 ms|

| IEC

Figure F.1 — A graphical presentation of the test signals used for
the performance check of the analyzer with the additional requirements
according to Table F.1
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Annex G
(informative)

Rationale for the specifications of the APD measuring function

The specifications are based on the following definitions and considerations:

a)

Dynamic range of the amplitude

b)

d)

e)

The dynamic range of the amplitude is defined as the range necessary to obtain the APD.
The upper limit of the dynamic range shall be greater than the peak level of disturbance to
be measured and the lower limit shall be lower than the level of disturbance limit spécified
by the product committees.

specified as 1 MHz for the frequency range
therefore be greater than 10 million samples per

About 100 oc
minimum me@
assuming 2 min

less than®;25
of 60-dB.

Figures* G.1 and G.2 show block diagrams of implementations of the APD measurement
function.

An example of an APD measurement result is depicted in Figure G.3.
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Comparator No.1 Gate No.1
Clock

> D— Counter No.1

Pre-assigned
level No.1

}_‘

Y

Comparator No.2 Gate No.2

> D— Counter No.2

Pre-assigned
level No.2 N

}_‘

Y

o00
N

Comparator No.n Gate No.n /\
\C};\Sr}zzr oh
NAAZA
C U

Pre-assigne K P)
level No.n \_/
IEC
Figure G.1 — Block ra A Dure ent circuit without A/D converter

~__/
+1 increment
> 5
APD(i)
A 4
Inp RAM(0) 2N-1

1
N bit
*Ak\cMr RAM.(UZN-1) E RAM(n)

address

IEC

Figure G.2 - Block diagram of APD measurement circuit with A/D converter
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Figure G.3 — Example of display,

*
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Annex H
(informative)

Characteristics of a quasi-peak measuring receiver

Table H.1 provides specifications of a quasi-peak measuring receiver. These specifications
describe the overall characteristics of such an instrument and do not describe the
specification of individual components and subassemblies of the instrument. The responses to
ufses as specifiedim 44 —are catcutated o the basisof themeasuring Teceivers raving the
following fundamental characteristics.

Table H.1 — Characteristics of quasi-peak measuring rec(elf\kx\

Frequency bap« N (\
Characteristics Band A Band B an\ds\c‘j}d D
9 kHz to 150 kHz 0,15 MHz}n\"\ \3{) MHz to,000 MHz
\/120

Bandwidth at the —6 dB points,

0 MHz
: 0,20 9 \
Bg in kHz /\ \
Detector e_IectricaI charge time 45 \ \ \/ 1
constant, in ms
Detector electrical discharge time \/
constant, in ms 500 (\ /\16 550
cal . X 3
Mechanical time constant of critically
T ) 1 16 100
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 Q
between detector and indicati /\6 12 6
instrument, in dB A 3\/
NOTE 1 The definition ofl me i i stant (see 3.8) assumes that the indicating instrument is linear,
i.e. equal incrementS\of i ents of deflection. An indicating instrument having a
different relation be & can be used provided that the instrument satisfies the
requirements of this sub . nic igstrument, the mechanical time-constant-may can be simulated

by a circuit.

NOTE 2 No tolerange i

specific receivm termined)by

e design to meet the requirements in 4.4.
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Annex |
(informative)

Example of EMI receiver and swept spectrum analyzer architecture

This annex provides a brief description of the main differences between “EMI receivers” and
“swept spectrum analyzers”, as far as this standard is concerned. Figure I.1 illustrates an
example of the architecture of both types of instruments. The parts shaded in grey are

@)

typicatty imptemmented— i testimstrumemntationm toachieve tomptance withspecificationstatted
out in this standard.

NOTE Additional background information is currently in preparation for CISPR 16-3.

Quasi-peak/
RF —> - m# D(\ | average

The main differe

QLO speaker
J,>

Detectors

Attenuator Preselection Preamplifier Mixer

Sweep Display
generator

W
@Q&§>— b

IEC

Figupe Examyleblock diagram of EMI receiver consisting of swept spectrum
' preselector, preamplifier and quasi-peak/average detector

es petween the two instrument types are described below.

Sweptspectrum analyzers are scanning instruments, which tune their local oscillator (LO)
frequency continuously to cover the selected frequency range of interest. Some EMI
receivers perform a stepped sweep, i.e. the instrument is tuned to fixed frequencies, in
defined frequency step sizes, to cover the frequency range of interest. The amplitude at

each tuning frequency is measured and retained for further processing or display.

Most swept spectrum analyzers do not have preselection (i.e. filtering at the input) built
into the instrument before the first frequency conversion stage. This usually results in an
inadequate dynamic range for measurements of low repetition frequency pulses with
quasi-peak detection and thus may lead to erroneous measurement results under these
circumstances.

Swept spectrum analyzers with preselection are commercially available. This type of
instruments may meet all requirements called out in this standard and, in case of full
compliance with this standard, can be used without any restrictions to perform emission
measurements in accordance with CISPR 16-2 series.
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The specifications applicable to spectrum analyzers without preselection in regard to
quasi-peak detection are less stringent and their use is conditional on the signals to be
measured.

Spectrum analyzers may not have a built-in preamplifier. EMI receivers tend to have a
preamplifier built in after the preselection stage.

The frequency selectivity criteria, defined in 4.5, may not be met by swept spectrum
analyzers. Typically swept spectrum analyzers use Gaussian shaped filters that may not
meet these requirements. This standard requires swept spectrum analyzers to meet the

statad enacifications in 4 5
Sttt a—-SPecHeatHoRS+H—4a-o-

Swept spectrum analyzers may not have a quasi-peak detector built in. This standard
requires spectrum analyzers to meet the stated specifications in 4.4 for quasi-p€ak
detection. However, the documented requirements for pulse repetitionAregquencies-are not
applicable to swept spectrum analyzers without preselection.

Swept spectrum analyzers may not have the proper response
and drifting narrowband disturbances as described in 6.5.4
spectrum analyzers to meet the stated specifications in 6.5.4

*
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Annex J
(normative)

Requirements when using an external
preamplifier with a measuring receiver

J.1 General

Using an external preamplifier at the input of a measuring receiver shall be conside‘r&i
carefully as, while it improves system sensitivity, it may invalidate the system’s com ce
with the overload requirements of this standard. Further, an externa eamplif@g‘ mayj

impulsive signals with pulse repetition frequencies down to 20 H i-peak
detector as specified in 4.4.2.
Therefore the operator of a measuring system that includes 5 3 plifier shall

determine the limitations of the system and shall apply line g/test system.
Automated measurement results with external preamplifi c . Kied using a final
manual linearity check. The information given in this g idapte for the user of
emission measurement systems.

J.2 Considerations for optim

Internally, measuring receivers are desi e mum sensitivity while avoiding
overload. Built-in preselection in the m X avoids overload by impulsive signals.
In spite of preselection, m i ’
measurements of a single
measuring receivers ¢
PRF.

The use of an@
possible measure¥ f

measuring receive

From expetieficen_gxternal preamplifiers are not needed for radiated disturbance
measur Qﬁ'ts to Class B limits of CISPR 11, CISPR 22 [13] and CISPR 32 [15], either at 3 m
or at @1 measurement distance, when measuring receivers with built-in preamplifiers
incl wn preselection and low-loss antenna cables are used. The same situation applies for]

radiated disturbance measurements to CISPR 14-1, CISPR 15 [1], and the generic emission
dards_as well as for disturbance power measurements

External preamplifiers are not recommended for conducted disturbance measurements below
30 MHz; their use may cause harmonics in the presence of high-level disturbance at
frequencies below 150 kHz, where many emission standards do not specify disturbance limits.

If an external preamplifier is added for improved sensitivity, the following needs to be
considered:

a) preamplifiers have a wide bandwidth, i.e. they are susceptible to overload by impulsive
signals and high level narrowband signals;
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preamplifiers may produce intermodulation products and harmonics; this is especially
important when measurements are made on an OATS and/or in the presence of radio
transmission equipment;

preamplifiers increase the signal level at the receiver input and thus may overload the
receiver input stages, a condition which cannot be avoided entirely by the receiver’s built-
in preselection;

the gain in sensitivity will be less than the gain in signal level, thus limiting the dynamic
range of the preamplifier/receiver combination;

e

o

F
P
P
<
e

where

Té is the absolute reference room temperature (293 K);

NOTE T The gamn In sensiivity Is understood as ihe diiference between the noise figure without preampliien
and the system noise figure with preamplifier. A

for maximum sensitivity in the frequency range above 1 GHz, the preampli@}/is
mounted/connected directly to the measurement antenna;

use of an external preamplifier requires that an accurate g requency
characterization be accounted for in the measurement result;

for CISPR Band E, a system consisting of a
receiver shall be designed such that it cannoj ke
bands, and/or by any signal whos
e.g. the ISM signal of a microwave

Fote_ and, (J.1)
kToB
for an amplifk@, (J.2)

is @Jlated from the gain, G = 10 Igg, respectively g = 106/10 ;
i8.Boltzmann’s constant = 1,38 x 10723 Ws/K and kT, = 4 x 10721 W/Hz;

B

IS the noise bandwidth (e.g. of the measuring receiver).
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Preamplifier Receiver
F1, g1 F
(223 Aaco
— D
IEC
Figure J.1 — Receiver with preamplifier 2\%

In Figure J.1, assuming that the cable attenuation ag, = 0 dB, then

101g Fyot = dcy +1OIg(F1 12 ‘1]
&1

where F; is the noise factor of the system at the input cal8

If a., # 0 dB, then the preamplifier gain factor g, /in Equatis
10((8 -a )’10 Cable attenuation a4 = 0 dB is aghieved/b

built-in preamplifiers
factor ', = 31,6.

NOTE 2 The noise@

Nav

Th& ntity wy,y is the difference between the indications of the linear average detector and
3, F.m.s. detector for Gaussmn noise [21]; values for quasi-peak detectlon WNgp 2T€)

12 dB dependmg on measurement time.

The noise bandwidth By is close to the 3 dB bandwidth B of the measuring receiver. A rough
approximation is given by By = 1,1B;. See [21] for details about specific filter
implementations.

Considering a given preamplifier noise figure of 3 dB, it will be acceptable to achieve a
system noise figure 10 IgF;,; = 4 dB, corresponding to a noise factor of 2,51. This requires
that (F, — 1)/gq = 0,51, or g4 = (F,—1)/0,51.

e For receivers with a built-in preamplifier, the resulting gain is g4 = 10,39, or G, = 10,2 dB.



https://standardsiso.com/api/?name=9b04824683db2b73e3a31bd51abe6378

-84 - CISPR 16-1-1:2015 RLV © IEC 2015

e For receivers without a built-in preamplifier, the resulting gain is g, = 60, or G, = 17,8 dB.

For a receiver without a built-in preamplifier, as described above, an external preamplifier with
a noise figure of 3 dB and a gain of 10 dB will give a system noise figure of 7 dB.

From the preceding examples, it can be seen that an improvement in sensitivity of 4 dB
requires a signal gain of around 10 dB for a receiver with a built-in preamplifier. For a receiver
without a built-in preamplifier, an improvement in sensitivity of 11 dB requires a signal gain of
almost 18 dB, and an improvement of 8 dB requires a signal gain of 10 dB. It is evident that a
System noise figure of 3,5 dB cannot easily be achieved with a preampliiler noise iigure of
3 dB, because an excessive preamplifier gain would be necessary. Refer to Table J.K/

example noise figures. Q.
N2
Because it will severely limit the system’s linearity performance, it i abje to use

preamplifiers with a gain of 30 dB or more.

Table J.1 — Examples of preamplifier and
receiver data and resulting system noi

Preamplifier \MQSU i c" er> System
Noise factor | Noise figure Gain factor Gain Noise\f{(‘:}@'vNok\e figure Noise figure
F, 10 IgF, 2 6, A\| § ) RON | Mo 1gr, 10 IgF,,,
@ AN O > @ @
2 3 104 N N\ 2 ([ A3 Y 8 4
2 3 10 N N N 15 7
OGN
2 3 15 4
J.3 Linearity spegifics 1 | ions in measurement

The dynamic r

compression point,
signal should idega
time.

defined by the 1 dB compression point, 3 dB
To avoid distortion caused by the input signal, the

An examp of thestransfer function of an amplifier is shown in Figure J.2. The|
respons ier using a sinusoidal signal in time domain and frequency domain
is shown | e numbers on the axes in Figures J.2, J.3 and J.4 are generic in

Figure szows that the sinusoidal signal is distorted in time domain, which is due to the|
nonli effects of the preamplifier. The frequency domain display shows that the level is
deo%j Sed at 100 MHz, and that further harmonics exist. A corresponding simulation for a
b band pulse is shown in Figure J.4.
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Figure J.4 — Response for an impulse
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Comparing Figures J.3 and J.4, it can be seen that the saturation level in the time domain is
exactly the same. However in the frequency domain the effects of saturation of the external
preamplifier are different. For the impulsive signal, the amplitude level is decreased,
invalidating the measurement result. For sinusoidal signals, the amplitude of the fundamental
is decreased, while further harmonics are generated by the nonlinear effect of the external
preamplifier; the measurement result is also invalidated.

The performance of the system, i.e. system noise level and overload capability, will depend
on the characteristics of both the preamplifier and the measuring receiver. For narrowband
Signals, generally the T dB compression poini of the preamplifier oufput exceeds the T dB
compression point of the measuring receiver input. Preselection of the measuring receive: I

improve system linearity for the measurement of broadband impulsive signals. Thereforg’~tio
elect@at the

types of systems are taken into consideration: systems with, and without,/pre
measuring receiver input.

mixer, to alert the user of linearity problems. The overload dé
indicator to assure valid measurement results. Similar overload

priiplete system, consisting of
preamplifier and measuring receiver, . For CISPR Bands C/D, the
relationship between the 1 dB compre Q Re wave signals and the peak value of
the broadband CISPR pulse signal wit i
85 dB [F},, = 20 Ig(2 000/ )]. Eigur

preamplifier with a 1 dB éqmp

impulsive signals. I\/\ O\
Mation from linearity i

Q@ S%\E@X
AN A

O

NE N

i ~

\
) \\ —e— deviation

N

100 102 104 106 108 110 112 114 116 118 120
Input level / dB  (uV)

IEC

Figure J.5 — Deviation from linear gain for an unmodulated sine wave (example)
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Input level / dB  (pV)

NOTE Using Fp,,= 85 dB, the peak value of the positive pulse sigpal
37 dB(pV) +12 dB + 85 dB 134 dB(pV) i.e. around 22 dB above tfie

exel of the input signal is less than 37 dB(uV), and the|
g than 46 dB(uV) (blue curve). For a PRF of 100 Hz, a

gk, the preamplifier is already overloaded. The input signal
lower, i.e. at 25 dB(uV) quasi-peak, to avoid excessive

uator at the preamplifier input may not properly indicate the overload in case of
e signals, because the output level can still follow the input level, while the
plifier input signal is up to 20 dB above the 1 dB compression point. The simple tesf]
work for sine wave signals. A better characterization of the system with respect to
impulsive signals is obtained using the band-stop filter intermodulation test. If the band-stop
filter intermodulation test is not available, the 1 dB compression point of the preamplifier,
referred to its input, should be used to characterize the system.

NOTE The band-stop filter intermodulation test is intended to characterize the system, e.g. done by the system
provider. It would be impractical to use a band-stop filter test in each EMC test lab during an emission test.

Note that during the band-stop filter intermodulation test, it shall be assured that the
measuring receiver used as an indicator at the output of the preamplifier is not overloaded.
Figure J.8 shows that the notch depth result from a CISPR intermodulation test of a
measuring receiver with preselection still exceeds 30 dB with an input signal (quasi peak) of
55 dB(unV), which corresponds to an input level (quasi peak) of 45 dB(uV) to a 10 dB
preamplifier. Using a measuring receiver with built-in broadband preamplifer may not show
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the linearity of the external preamplifier correctly, due to overload of the measuring receiver,
as shown in Figure J.9 and J.10, whereas with preselection the output will be linear.

RBA 120 kHz Marker 1 [T2 ]

MT 1s 19.16 dBv
Att 5 dB PREAMP OFF 824.300000000 MHz
aw |00 1 cHz
90
1 =
VIEW L 5o
v |,
o=y 60
S0
f——— M
B W \
20 "\l\v\fi]" /\
10
0
636 MHz

:

AN

n
&

R
X
AN

&\ /)
~ v,

10

<

10
9

=]

N ).

0

636 MHz 1 GHz
IEC

Figure J.8 — Band-stop filter test result with the measuring receiver at 818 MHz
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NOTE A 15 dB attenuator between external preamplifier and receiver was used to avoid overload of the receiver
without preselection; however the receiver’s noise level then hides the notch.

Figure J.10 — Band-stop filter test results for the same 10 dB preamplifier but with the
receiver of Figure J.9 with preselection (black) and without preselection (green)

When an external broadband preamplifier is used with a measuring receiver, the user cannot
expect proper weighting of broadband impulsive signals by such a measuring system using
average, rms-average and quasi-peak detection at low pulse repetition frequencies.
Therefore, the user shall determine the operating range between noise level and the 1 dB
compression point for broadband impulsive signals for the peak detector of the measurement
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system. This determination allows a prediction of the lowest PRF for proper weighting of
broadband impulsive signals using each individual detector.

Figure J.11 shows the weighting functions of the detectors specified in CISPR 16-1-1 for
CISPR Bands C/D, and an example ‘Noise’ line to illustrate the operating range between
noise level and 1 dB compression point. In the example, the peak detector noise level is
15 dB below the 1 dB compression point. For the quasi-peak detector, the noise level is
approximately 5 dB lower, i.e. the operating range is approximately 5 dB wider. For the rms-
average and average detectors, the noise level is approximately 10 dB lower, which increases
the operating range to about 25 dB In the example.

To draw the noise line shown in Figure J.11, the peak level ¥, is used from the band-Stop
filter test in Figure J.7 and the average detector noise level 7y,, determfned\Jhe difierence

Vo — VNnay Marks the crossing of the “Noise” line with the “Average™\line, Fof(the 10 dB
preamplifier above, Vo= 37 dB(uV), Vngy= —14 dB(pV) for a noise fig of 4\dByan o~ VNa
= 51 dB. The noise line in Figure J.11 is drawn from an example whgre\/'y- v < 27Y9B.

Weighting functions with noise leve
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0 i HH‘ 1 N ™ m— Average
/—\X"t?( iy =—RMS-AV
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ighting functions of the various CISPR detectors with a noise curve to
ining operating ranges for broadband impulsive signals (example)

Figure J.11+
illustrate.the re

FromyEigure J.11, the critical PRF can be seen at which the impulsive signal level, with peak]
level 'at the 1 dB compression point, is equal to the noise level. However for an accurate
meéasurement, the signal level needs to be approximately 6 dB above the noise level (the
actual value depends on the PRF). As a consequence, in this example quasi-peak
measurements can be carried out above a PRF of about 60 Hz. For the rms-average and
average detectors, the critical PRFs are near 1 kHz and 10 kHz, respectively. For practical
measurements, a linearity check is recommended using the weighting factor at the critical
PRF. For this example, the linearity check is as follows:

a) For the quasi-peak measurement: the critical PRF of 60 Hz is exceeded if the difference
between peak and quasi-peak values is less than 15 dB.

b) For the rms-average and average measurements: the critical PRFs of 1 kHz and 10 kHz
are exceeded if the difference between peak and rms-average or average detector results
are less than 20 dB.
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However, if the measurements are made close to the noise level, the differences might be
reduced by the noise level, which will give the impression of PRFs higher than actual.

J.4 Detecting the overload of an external preamplifier in a wideband FFT
based measuring system

Detecting whether the preamplifier is in the linear range during the measurement can be
performed for sinusoidal as well as impulsive signals, by taking the maximum of the
preampliiler output signal then comparing It with a given threshold level corresponding to;x
1 dB compression point. The maximum (positive) and minimum (negative) voltage o

signal in the time domain shall be sampled continuously during the measurement tim d
compared to that threshold level. The 1 dB compression point is defined~or a Kiﬁysoidal

signal yielding an output 1 dB lower than expected, as shown in Figure

During a measurement, a measuring apparatus that digitizes the of the
external preamplifier can be used to detect whether an oversrange For the
preceding example, a threshold level of a normalized value in<Figure about 900
would be appropriate to avoid nonlinear effects. The thre identified by

the system manufacturer depending on the application.
harmonics of intentional radiators requires a better Ti
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Annex K
(normative)

Calibration requirements for measuring receivers

K.1 General

Wihaon ~oe foprnin sy ANl oo v mta 1 1o oo fiol ta Lo e aociiriaa aaliiaeaandt th o
VVITCTT POTTOTTITTYg = ivit ReastremetS—1t1S—eSSentar—to—usSe ToaSUTiTyg CYUTPTITCTIC trat IIIUULO

the specifications called out in this standard such that the expected measure t
instrumentation uncertainty for conducted and radiated disturbance measurements as

disturbance power measurements can be achieved. In addition, the sults ese
measurements shall be traceable (see 3.17) to national or internationall dards.
These requirements can be met by selecting measuring equipment that’i librated.
The calibration requirements described in this annex are onl) icgbls to\the test

..
]
b
b

The EMC test laboratory is responsible for the selection and use equeié measuring
equipment as well as the purchase of accredited (¢ B ed appropriate)
calibration services. A clear understanding of the —ealibratioragtitements related to

measuring equipment is essential to determine the specifics\ of calibration service
in the purchasing process and to review the obtaln genvi eipt of the equipment]
back from the calibration laboratory, before )
laboratory.

K.2 Calibration and verificatio

Calibration is defined as & S« io

relat|onsh|p that exists, uder gpecified sg

standard. Applied fo the mea J ing
of various step i
through measure ~ -

that was calibrated,§

: eet the manufacturer’s specifications. The goal of the instrument
calibration e 3 the determination of compliance of a measuring receiver under
calibrati%??ﬁ its published specifications in a traceable manner (see 3.17).

ion” should not be confused with “intermediate checks” (also called confidence
); the latter consists of a set of operations aimed at providing evidence of the proper
tioning of a test instrument. An _intermediate check of a measuring receiver can differ]
considerably from the calibration process because the purpose of these two activities is
entirely different.

K.3 Calibration and verification specifics

Calibration of a measuring receiver requires a specific process that defines the various
measurements to determine if the receiver meets its specifications. In general, this calibration
process has also been used by the receiver manufacturer to establish the receiver
specifications. Therefore, only the manufacturer’s calibration process or verification process
in accordance with this standard shall be applied by a calibration laboratory or test laboratory
performing its own calibrations to determine whether the receiver meets its specifications at
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the time of calibration or the requirements called out in this standard. This requirement
applies to measuring receivers only.

If a process different from the manufacturer’s calibration process or verification process in
accordance with this standard is used, it shall be verifiably validated and it shall be stated in
the calibration certificate that the process used deviates from the calibration process defined
by the manufacturer. For ancillary equipment such as AMNs, AANs, absorbing clamps and
antennas, the calibration procedures documented in other relevant parts of CISPR 16 shall be
applied.

The calibration process for measuring receivers also defines the following essentjal
parameters that shall be used for proper calibration: (Oég)

a) the specific set-up of the receiver under calibration for each

measurement to be performed);

b) the required test set-up for the measurement of a speci
power splitters for ratio measurements and any other rgqui

parameters to be completed.
result for a calibration paramete

measurements 0

laboratory or t exst its own calibrations (also called internal
calibrations) should ahk er’s calibration process for a specific measuring
receiver. If an alig is Used, it shall be verifiably validated and it shall be stated
in the calibration xertificqiénd isprocess deviates from the calibration process defined by

N
This standp @S measuring receiver requirements using a “black box” approach. This
means t Vt’he instrument shall show a specific response when a defined signal is applied to
its in@ Therefore, the demonstration of compliance of measuring receivers with
specifications defined in this standard can be provided through the manufacturer’s calibration
pf%: ss or the procedures and measuring equipment defined in this standard.

In case compliance of a measuring receiver is determined with the specifications in this
standard, the following minimum set of parameters shown in Table K.1 shall be included in the
verification process.
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Table K.1 — Verification parameter summary

Parameter Subclause in CISPR 16-1-1 Suggested Frequencies
VSWR to be determined for 0 dB and > 10
dB input attenuation at the following tuning
VSWR 42,52,62,72 frequencies: 100 kHz, 15 MHz, 475 MHz
and 8,5 GHz

Verification at the following tuning
Sine wave voltage 43,54, 64,74 frequencies: start frequency, stop

accuracy frequency and centre freguency of CISPR
7 el J hal 7

Bands A/B/C and D/E \\

Verification at the following tuning \/

frequencies: start frequency, stop
Response to pulses 4.4,5.5,6.5,7.5 frequency and cent e freQuency p\ SPR
Bands A/B/C an

Verification folloyin tu |
Selectivity 4.5,5.6,6.6,7.6 frequencies ce tr fre
Bands 5&/

\

facturer’s specifications (e.g. CW
qn of absolute amplitude accuracy at a

provided through the msa ibxatian process, due to differences in the form of the
stated specifications, ificati ‘ e requirements shall be requested by the test
laboratory in adg1 ’ S alibration based on the manufacturer’s calibration

process.
K.5
Oftentime 8 nality of a measuring receiver is not utilized when performing
emission or economic reasons test laboratories therefore may decide to
have enco purchased calibration service only functions that are actually used
to perform urements. Care shall be taken when specifying such a partial or limited
calibration ice because the calibration of the identified functions may require calibration of
other f ons as a prerequisite. Such dependencies shall be determined by the test
Iabor or the calibration laboratory through a review of the manufacturer’s calibration
prgge If the test laboratory does not have access to the manufacturer’s calibration
dure, this review shall be requested from the calibration laboratory as part of the

GIIUIGLIUII o1 VIbU pUIbIIGOC

K.6 Determination of compliance of a measuring receiver with applicable
specifications

Compliance of a measuring receiver with the specifications of the manufacturer or with the
tolerances specified in CISPR standards requires that measurement results reported in
calibration certificates are below an upper limit, or above a lower limit, or between an upper
and lower limit. The uncertainty of the calibration or verification measurement has a direct
impact on the pass/fail determination. Therefore, the measurement uncertainty shall be taken
into account when determining compliance of a measuring receiver with its stated
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specifications. The application of measurement uncertainty to a measurement result can lead
to one of the four cases described as follows and depicted in Figure K.1:

a) the measurement result is within the specified limit range by a margin larger than the
expanded uncertainty value applicable to the calibration measurement;

b) the measurement result is within the specified limit range by a margin less than the
expanded uncertainty value applicable to the calibration measurement;

c) the measurement result is outside of the specified limit range by a margin less than the
expanded uncertainty value applicable to the calibration measurement: or

d) the measurement result is outside of the specified limit range by a margin larger than ‘H%
expanded uncertainty value applicable to the calibration measurement, a €
specification is not met.

Upper limit

Lower limit
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Measuring apparatus

INTERPRETATION S

3PR A: Radio-interference
ittee CISPR: International

{ ) ‘\szort on voting
\G\S/AMMD%\ ) cisian2ss/RVD

Full information@ [ r.t a\roz of this interpretation sheet can be found in the
indig i

report on voting

approved (see CISPR/A/1135/RVD) and consequently the
| standard, CISPR 16-1-1:2015 (Edition 4.0) was published on

However;“seven National Committees had submitted a negative vote. Most concerns were
related-fo'the measuring receiver specifics covered in K.4. That clause states:

“This standard specifies measuring receiver requirements using a “black box” approach.

This—means—thattheinstrument shall show a specificresponsewhenadefined sigralis
applied to its input. Therefore, the demonstration of compliance of measuring receivers

with specifications defined in this standard can be provided through the manufacturer’s
calibration process or the procedures and measuring equipment defined in this standard.

In case compliance of a measuring receiver is determined with the specifications in this
standard, the following minimum set of parameters shown in Table K.1 shall be included in
the verification process.”

ICS 33.100.10
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It was argued that the wording in these two cited paragraphs might be misinterpreted in such
a way that the specifications in CISPR 16-1-1 are not met when using the manufacturer’s
calibration process. Furthermore, concerns were raised that the wording may have the effect
that only manufacturers’ calibration procedures can be used to show compliance with the
specifications in CISPR 16-1-1.

Because of these concerns, K.4 could benefit from further clarification. An interpretation sheet
would be helpful to users of the standard, with the intent that this clarification would be
published in a future amendment to the standard.

This information does not change the standard; it serves only to clarify the points noted.
INTERPRETATION:

Demonstration of compliance with CISPR 16-1-1

For demonstrating compliance with CISPR 16-1-1 using the 4
process, the specifications in CISPR 16-1-1 shall be met, i
minimum set of parameters listed in Table K.1.
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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

1) The International Electrotechnical Commission (IEC) is a worldwide organi
all national electrotechnical committees (IEC National Commlttees)
international co-operation on all questions concerning standardizatior
this end and in addition to other activities, IEC publishes Internaii
Technical Reports, Publicly Available Specifications (PAS)
Publication(s)”). Their preparation is entrusted to technical c9 S y
in the subject dealt with may participate in this prepartory vv- i governmental and non-
governmental organlzatlons Ilalsmg with the IEC also p ipatg i ign. IEC collaborates closely]

2) The formal decisions or agreements of IEC 0 ica , nearly as possible, an international
consensus of opinion on the relevant subje inee ‘e ical-.committee has representation from all
interested IEC National Committees.

Committees in that sense.
Publications is accurate,
misinterpretation by any

transparently to ma i
between any IEQ o
the latter.

expenses artsing-out of the publlcatlon use of, or reliance upon, thls IEC Publication or any other IEC
Publications’

8) Attention is~drawn to the Normative references cited in this publication. Use of the referenced publications is
indispénsable for the correct application of this publication.

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

This fourth edition cancels and replaces the third edition published in 2010, Amendment
1:2010 and Amendment 2:2014. This edition constitutes a technical revision.

The main technical change with respect to the previous edition consists of the addition of a
new normative annex on calibration requirements for measuring receivers.

It has the status of a basic EMC publication in accordance with IEC Guide 107,
Electromagnetic compatibility — Guide to the drafting of electromagnetic compatibility
publications.
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The text of this standard is based on the following documents:

FDIS Report on voting
CISPR/A/1118/FDIS CISPR/A/1135/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

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

pecification for

A list of all parts of the CISPR 16 series can be found, under the general
radio disturbance and immunity measuring apparatus and methods, on the

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

e amended.

[The contents of the Interpretation sheet Qf Apyi dhave-beén included in this copy.

IMPORTANT — The 'cplouni \ild \m\t::%er page of this publication indicates
that it contains colour i re \considered to be useful for the correct

understanding its\content
colour printer.
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INTRODUCTION

The CISPR 16 series, published under the general title Specification for radio disturbance and
immunity measuring apparatus and methods, is comprised of the following sets of standards
and reports:

e CISPR 16-1 — six parts covering measurement instrumentation specifications;

e CISPR 16-2 — five parts covering methods of measurement;

e CISPR 16-3 — a single publication containing various technical reports (TRs) with
further information and background on CISPR and radio disturbances in general;

e CISPR 16-4 - five parts covering uncertainties, statistics and limit

CISPR 16-1 consists of the following parts, under the general title jfj Qr) for radio
disturbance and immunity measuring apparatus and methods - ] gnce and
immunity measuring apparatus:

— Part 1-1: Measuring apparatus
— Part 1-2: Ancillary equipment — Conducted disturbanceg
— Part 1-3: Ancillary equipment — Disturbance power
— Part 1-4: Ancillary equipment — Radiated disturbance
— Part 1-5:
— Part 1-6: EMC-antenna calibratio

The holder of the
either free of chatgé

applicants througho
right is registered

Attention is.drawn the possibility that some of the elements of this document may be the
subject of patent rights other than those identified above. IEC shall not be held responsible for|
identifying any or all such patent rights.

ISO (www.iso.org/patents) and IEC (http://patents.iec.ch) maintain on-line data bases of
patents relevant to their standards. Users are encouraged to consult the data bases for the
most up to date information concerning patents.
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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 specifies the characteristics and performance iment for the
measurement of radio disturbance in the frequency range 9 kHz tg" n) addition,
requirements are provided for specialized equipment for dje i s, -disturbance
measurements.

2 Normative refer

The following d@
are indispensable™o

undated references
amendments) ap &

/are normatively referenced in this document and
dated references, only the edition cited applies. For
on of the referenced document (including any

CISPR 11 20 ! S tific and medical equipment — Radio-frequency disturbance

electric toolscand ifar apparatus — Part 1: Emission
CISPR 14-1:2005/AMD1:2008
CISPR-1441:2005/AMD2:2011

CISPR 16-2-1:2014, Specification for radio disturbance and immunity measuring apparatus
ard - metiods — Part 2= Methods of measuremernt of aiSturbarnces anda immurity — Conaucte
disturbance measurements

CISPR 16-2-2:2010, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 2-2: Methods of measurement of disturbances and immunity -
Measurement of disturbance power

CISPR 16-2-3:2010, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 2-3: Methods of measurement of disturbances and immunity — Radiated
disturbance measurements

CISPR 16-2-3:2010/AMD1:2010

CISPR 16-2-3:2010/AMD2:2014
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CISPR TR 16-3:2010, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 3: CISPR technical reports

CISPR TR 16-3:2010/AMD1:2012

CISPR TR 16-3:2010/AMD2:2015

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

IEC 60050-161:1990/AMD1:1997

IEC 60050-161:1990/AMD2:1998

IEC 60050-101:1990/AMD3:2014

IEC 60050-161:1990/AMD4:2014

IEC 60050-161:1990/AMD5:2015

3 Terms and definitions

For the purposes of this document, the terms and definitions given i
following apply.

3.1
bandwidth
Bﬂ

width of the overall selectivity curve of the
attenuation, below the midband responge

0 points at a stated

Note 1 to entry: n is the stated attenuation in dB:

3.2
CISPR indication range
range specified by the
indications within whigh
CISPR 16

electrical charge tin

Tc
time needed aftenthe, i application of a constant sine-wave voltage to the stage
immediately i of the detector for the output voltage of the detector to reach

Note 1 to entry; LN tant is determined as follows: a sine-wave signal of constant amplitude and having

3 id-band frequency of the IF amplifier is applied to the input of the stage immediately
preceding the detecter. indication, D, of an instrument having no inertia (e.g. an oscilloscope) connected to a
terminal in ¢the d.c. Mammplifier circuit so as not to affect the behaviour of the detector, is noted.
[The level /0f,'the signal is chosen such that the response of the stages concerned remains within the linear
operating\rahge. 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.

34
electrical discharge time constant

Tp

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 1 to entry: 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 0,37 D is the discharge time constant of the detector.
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3.5

impulse area

Aim

voltage-time area of a pulse defined by the integral:

Aimp = [ Vit (1)

Note 1 to entry: Impulse area, sometimes referred to as impulse strength, is typically expressed in uVs

AR L\ o
oo v Sy

Note 2 to entry: Spectral density (D) is related to impulse area and expressed in pV/MHz or dB(pV/MHz), Eorn

rectangular impulses of pulse duration T at frequencies f << 1/T, the relationship D (uV/MH \/EMOG A.mp (nVs)
applies.

3.6
impulse bandwidth
Bimp
A(t)max
By = ————
'mp 2GO X Aimp (2)
where

A(t)max 1S the peak of the envelope
A applied at the receiver mput;

eCeiver with an impulse area

imp

o is the gain of the circuit at

(3)

Bimp = 1,05 x Bg = 1
where Bg and 33§>

measuring
standard

Note 1 to.@ntry: See Annex | for further information.

3.8
mechanical time constant of a critically damped indicating instrument

™

= = 4)

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

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

of d%a da
TM +2TM—+06 ki (5)
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where
[24 is the deflection;
i is the current through the instrument; and
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.

ote Z to entry: The methods of measurement and adjustment are deduced from one ot the Tollowing:

@) the period of free oscillation having been adjusted to 2=T,,, damping is added so that o7 = 0,35«

criticalvsuch thatf
70,35,

b) when the period of oscillation cannot be measured, the damping is adjusted to be just
the overswing is not greater than 5 % and the moment of inertia of the movement is

3.9

overload factor

ratio of the level that corresponds to the range of practical Ii ircuit (or a
group of circuits) to the level that corresponds to full-seale e indicating
instrument

Note 1 to entry: The maximum level at which the steady-state fesponse of\a cirsuit (or'group of circuits) does nof|
depart by more than 1 dB from ideal linearity defines the range imear funstigh of the circuit (or group of]
circuits).

3.10

lsymmetric voltage

radio-frequency disturbance voltage ap i the two wires in a two-wire circuit,
such as a single-phase mains supply. \Thi alled the differential mode voltage.
If 7, is the vector voltage [ rfninals and earth and V), is the vector
voltage between the oth Qi \ h, the symmetric voltage is the vector

difference (V, -V})

3.11
weighting (of e. [

pulse-repetition-freq dependént conversion (mostly reduction) of a peak-detected

impulse voltage indicati that corresponds to the interference effect on radiog
reception

Note 1 to ¢ ogueNreceiver, the psychophysical annoyance of the interference is a subjective
quantity (audib not a certain number of misunderstandings of a spoken text).

another, objective and repfoducible parameter.

3.11.1
weighted disturbance measurement
measurement of disturbance using a weighting detector

3.11.2

weighting characteristic

peak voltage level as a function of PRF for a constant effect on a specific radiocommunication
system, i.e. the disturbance is weighted by the radiocommunication system itself

3.11.3
weighting detector
detector which provides an agreed weighting function
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3.11.4
weighting factor
value of the weighting function relative to a reference PRF or relative to the peak value

Note 1 to entry: Weighting factor is expressed in dB.

3.11.5
weighting function
weighting curve

Lot | bat H 4+ 1 [Fy 1 1 &l DR _f + + 1 | S H F'H £
UIGLIUIIOIIIP VTLVWTTTIT III|JuL PUCII\ VUILOHU LA~ A AL EE=10A"] LAY U1 vuliotdalit 1T VTl mrareatrult Ul d
measuring receiver with a weighting detector, i.e. the curve of response of a measuring
receiver to repeated pulses

3.12

measurement time
Tm

effective, coherent time for a measurement result at a single fr
called dwell time)

e as also

3.13
calibration

uses this information
indication

Note 1 to entry: A ;;I

3.14
verification
proyvision of objective evidence that a given item fulfils specified requirements

AANIFLE bneu(ing whetherthefunctionsof = medburing frstromentor dUXiIidfy equipmenl, SUCH d5 da comimon
mode absorption device (CMAD), meets stated specifications, such as those given in a data sheet.

[SOURCE: ISO/IEC Guide 99:2007, 2.44, modified — addition of an example] [17]

3.15

adjustment (of a measuring system)

set of operations carried out on a measuring system so that it provides prescribed indications
corresponding to given values of a quantity to be measured

1 Figures in brackets refer to Bibliography.
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Note 1 to entry: Types of adjustment of a measuring system include zero adjustment of a measuring system,
offset adjustment, and span adjustment (sometimes called gain adjustment).

Note 2 to entry: Adjustment of a measuring system should not be confused with calibration, which is a
prerequisite for adjustment.

Note 3 to entry: After an adjustment of a measuring system, the measuring system shall usually be recalibrated.

[SOURCE: ISO/IEC Guide 99:2007, 3.11] [17]

316
correction
compensation for an estimated systematic effect

Note 1 to entry: See Guide ISO/CEI 98-3:2008, 3.2.3 [16] for an explanation of ‘systematjc effec

Note 2 to entry: The compensation can take different forms, such as an addend @ , Ok can“he deduced

from a table.

[SOURCE: ISO/IEC Guide 99:2007, 2.53] [17]

3.17
(metrological) traceability

4.1 General

specification covefing

to 30 MHz (Ban

to 1 000 MHz (Bang/D
are provided in Apmke

Spectrum a
clause car
measurigg shall sample and evaluate the signal continuously during the

4.2 Inputiimpedsa

The input” circuit of measuring receivers shall be unbalanced. For receiver control settings
within(the CISPR indication range, the input impedance shall be nominally 50 Q with a voltage
standing wave ratio (VSWR) not to exceed 2,0:1 when the radio frequency (RF) attenuation is
OdBanmd—+ 2 twhemthe RF attenuatiomist0dBorgreater:

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.

4.3 Sine-wave voltage accuracy

The accuracy of measurement of sine-wave voltages shall be better than + 2 dB when the
instrument measures a sine-wave signal with 50 Q resistive source impedance.
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4.4 Response to pulses
4.41 Amplitude relationship (absolute calibration)

Referring to Table 1, 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 c) 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 rms value 2 mV [66 dB(uV)].

\When external preamplifiers are used, refer to Annex J for applicable requirements.

The source impedances of the pulse generator and the signal generatgr shall both_be the

same. A tolerance of + 1,5 dB shall be permitted on the sine-wave volt

Table 1 — Test pulse characteristics for quasi-p
measuring receivers

Frequency range a) uVs b)dﬂ/nz\\ \\c) #{
9 kHz to 150 kHz 13,5 e Yo\ e/

0,15 MHz to 30 MHz 0,316 / 30 >1oo

30 MHz to 300 MHz 0,040 \[\_~ /309 100
300 MHz to 1 000 MHz ( \%04(\ (1 080) N 100
N/

NOTE Annexes B and C describe methods for/determining_t

output characteristics of a pulse generator for use

4.4.2 Variation with i s ive calibration)

The response of the ! eivey toxepeated pulses shall be such that for a constant

indication on t 20 dB(nV), the relationship between pulse
amplitude and re 2 § accdrdance with Figures 1, 2, 3 and 4.

As an alternativ : of thg measuring receiver to repeated pulses shall be such
that for a copsta Qlterg [ of the pulse generator of e.g. 50 dB(uV) at repetition
frequencies and 100 Hz (Bands B, C and D), the relationship between
receiver jndjcati repetition frequency is in accordance with Figures 1, 2, 3 and 4 under
oppositési

For all measSure , a sufficient signal-to-noise ratio is required. The use of a 10 dB

attenuator‘at'the output of the pulse generator is recommended.
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Figure 3 — 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 2. For spectrum analyzers without preselection,
the requirements in Table 2 for pulse repetition frequencies less than 20 Hz are not
applicable. The use of such instruments for compliance testing is conditional. If such
spectrum analyzers are used for measurements, the user shall verify and document that the
equipment under test does not emit broadband signals of pulse repetition frequencies of
20 Hz or lower. A determination of the suitability of a spectrum analyzer for testing shall be
made by performing the procedure documented in Annex B of CISPR 16-2-1:2014, Annex B of
CISPR 16-2-2:2010, or Annex B of CISPR 16-2-3:2010.

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 Table 2 are optional and, are not
essential.

Table 2 — Pulse response of quasi-peak measurin

Repetition Relative equivalent level in dB of pulMte b}n\d \
frequency Band A Band B ndC . 2\ \Band D
Hy 9 kHz to 150 kHz | 0,15 MHz to 30 MHz | 30 Mfz t N& 309 MHz to 1 000 MHz
1000 Note 4 —45+1,0 N DO \ ~8,0+1,0
100 —4,0+1,0 0(ref) §7 0 (\é&\ 0 (ref.)
60 ~3,0+1,0 - /\\ > / (\ > -
25 0 (ref.) \ 2 \ \ ) -
20 - +/s%~_+ 1,0 190+ 1,0 19,0+ 1,0
10 44,0+ 1,0 4&10,0@,\’{ >+14,0i 1,5 14,0+ 1,5
5 +7.54 (6 (\\_ \) N - -
2 13,0 2}\ r\+20\,€>\_ 0 ) 126,0 + 2,0 126,0 + 2,0

1 +17,hi\2,/0\ \+ 5+2.0 +28,5+ 2,0 +28,5 + 2,0*

Isolated pulse Q +)9,o§2,0 J>§\5\_~/2/,0 131,5+2,0 31,5 + 2,0*

* These values are op{ionalNand\ot\e W

NOTE 1 ivercharagteristics upon its pulse response is considered in Annex D

NOTE 2 The relatjons the pulse responses of a quasi-peak receiver and receivers with other
detector types g ang7.5

NOTE 3 eoretieal-pulsg response curves of quasi-peak and average detector receivers combined on an
absolute s Fig ure 4 The ordinate of Figure 4 shows the open- C|rcwt impulse areas in dB(st)

with an input matcked to he callbratlng generators will then be 60 dB(pV) Where the measuring bandwidth is
less than the_pulSe repejifion frequency, the curves of Figure 4 are valid when the receiver is tuned to a discrete
line of the~spéctrum.

NOTE 4=t 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 IF amplifier.

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

4.5 Selectivity
4.51 Overall selectivity (passband)

The curve representing the overall selectivity of the measuring receiver shall lie within the
limits shown in Figure 5, 6 or 7.

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.
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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), a high-pass filter can be added in front of the
measuring receiver to achieve the combined selectivity of CISPR measuring receiver and high-pass filter as shown
in Table 3

Table 3 — Combined selectivity of CISPR measuring receiver and high-pass filter

Frequency Relative attenuation
kHz dB
150 <1
146 <6
145 >6
140 >34 2N
130 281 N~

The measuring receiver in conjunction with the high-pass filter eektheequirements
of this standard.

4.5.2 Intermediate frequency rejection ratio

The ratio of the input sine-wave voltage at the int
frequency that produces the same indication of
40 dB. Where more than one intermediate fre

each intermediate frequency.

4.5.3 Image frequency rejection fatio

The ratio of the input sine,Ws 3 ag
Nor R ;

easuring receiver shall be not less than 40 dB.
Where more than onef\ ¢ C
image frequencies cor ot intermediate frequency.
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4.5.4 Other spurious responses

an those specified in 4.5.2 and
same indication on the measuring

(6)

Jo is the tuned frequency.

NOTE, " Where more than one intermediate frequency is used, the frequencies f and f; can refer to each of the
local oscillator and intermediate frequencies used. In addition, spurious responses can 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 of this subclause therefore cannot apply in these latter cases.
The effect of these spurious responses is dealt with in 4.7. Examples of sources of spurious signals include local
oscillators (or their harmonics), internal clocks, computer boards, and their mixing products with the input signal
into the receiver.

4.6 Limitation of intermodulation effects

The influence of intermodulation effects on the response of the measuring receiver shall be
minimized. The following method shall be applied to determine the suitability of a measuring
instrument.

Arrange the apparatus as shown in Figure 8. The pulse generator has a spectrum sub-
stantially uniform up to frequency 3) but at least 10 dB down at frequency 4) of the
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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.

Sine-wave generator Filter, attenuation
frequency f 40dB atf

Pulse generator

NOTE Following the discussion in 4.6, the measuring receiver responses are:

Figure 8 — Arrangeme

Table 4 — Bandwidth ¢ ar
of qliasi-pe
Frequency ran#e \\Q k\m\ ¥ 2) kHz 3) MHz 4) MHz

9 kHz to 150 kHz (B4n )} ? 0\4\) 4 0,15 0.3
0,15 MHz to 30 MHz (Bap@'R) 20> 200 30 60

30 MHz to 300 MHz((,B’éQB\C) 55\60 2 000 300 600

300 MHz to 1 00 Mhy\(B\\nE\Q) 500 6 000 1000 2 000

intermodulation test
receivers

Connect/the
a conveni
for the same
for the other ban

erator output direct to the measuring receiver input and adjust for
titute the pulse generator for the sine-wave generator and adjusf]
ding. The pulse repetition frequency shall be 100 Hz for Band A and 1 000 HZ

\With thespulse generator connected as described above, switching the filter into circuit shall
introddce attenuation of not less than 36 dB for measuring receivers, and of not less than
20-dB for spectrum analyzers without preselection.

4.7 Limitation of receiver noise and internally generated spurious signals
4.7.1 Random noise

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

NOTE The point where the background noise causes an error of 1 dB can be found by applying a signal, S, such
that the meter indication is much larger (e.g. 40 dB) than the noise level N. By reducing the signal level S, the
meter indication will reach a point, S1, where (S4 + N) deviates by 1 dB from the linear characteristic.
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4.7.2 Continuous wave

The existence of spurious responses as described in the note to 4.5.4 shall not introduce a
measurement error in excess of 1 dB for any signal input to the measuring receiver. This
requirement shall be regarded as satisfied if the receiver complies with 4.7.1 when tested as
described in 4.7.1.

4.8 Screening effectiveness

A-8-4+—General

Screening effectiveness is a measure of the ability of the measuring receiver to operate-in.an
electromagnetic field without degradation. The requirement applies to ceivers operating

The screening of the receiver shall be such that when it is S il an\ambient
electromagnetic field of 3 V/m (unmodulated) at any frequency i
1 000 MHz, an error of not greater than 1 dB is produced at the im 6 Wymum of the
CISPR indication range as specified by the manufacturer of tf :

manufacturer of the receiver. All other(coaxial te
their characteristic impedance. s

Only essential leads
receiver in its minim
connected durin e ts ds hal hawe the lengths and be arranged as in typical use.

4.8.2.1

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 CISPR 11.
The measurement of the radio disturbance voltage is however not required on the inner
unduutwb Uf beUUIIUd bUIIIIUbt;UIIb tU buccncd Cquiplllcllt. Thc: IUde Ubbi”dtul illjb‘bt;ull
power at the measuring receiver input terminated with its characteristic impedance shall not
exceed 34 dB(pW) which is equivalent to 51 dB(uV) across 50 Q.

4.8.2.2 Radiated emissions

The radio disturbance field strength emitted by the measuring receiver shall not exceed the
limits for class B equipment given in CISPR 11, 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, based on an ERP measurement.
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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).

4.9 Facilities for connection to a discontinuous disturbance analyzer

For all bands, the disturbance measuring receiver shall have an intermediate-frequency
output if the instrument is to be used for the measurement of discontinuous disturbance. The
loading of this output shall have no influence on the indication of the measurement result.

5 Measuring receivers with peak detector for the frequency range 9 kHz to
18 GHz

5.1 General

Spectrum analyzers and FFT-based measuring instruments<tha
clause can be used for compliance measurements. EoT émissiQon\y

measuring instruments shall sample and evalu i continuously during the
measurement time.

5.2 Input impedance

within the CISPR indication range, th
not to exceed the values indable 5

T P g
Q KIir\eq@*»‘qex \)QF attenuation VSWR
< dB

gb{{to\(ék;}/ 0 2.0to 1

QNZMZ >10 1,2 to 1
1\<3\Hz 18 GHz 0 3.0 to 1
\ GHZ to 18 GHz 10 2.0 to 1

Symmetric {nput™~Nmpedance in the frequency range 9 kHz to 30 MHz: a balanced input
transformer’is to be used for symmetric (that is, ungrounded) measurements. (The preferred
input impedance is 600 Q for the frequency range 9 kHz to 150 kHz.) 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.

5.3 Fundamental characteristics
5.3.1 Bandwidth

For all types of broadband disturbance, the actual value of the bandwidth shall be stated
when the disturbance level is quoted and the bandwidth is within the values in Table 6.
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Table 6 — Bandwidth requirements for measuring receivers with peak detector

Frequency range Bandwidth Bg Reference BW
9 kHz to 150 kHz (Band A) 100 Hz to 300 Hz 2 200 Hz (Bg)
0,15 MHz to 30 MHz (Band B) 8 kHz to 10 kHz @ 9 kHz (By)
30 MHz to 1 000 MHz (Bands C and D) 100 kHz to 500 kHz 2 120 kHz (Bg)
1 GHz to 18 GHz (Band E) 300 kHz to 2 MHz a 1 MHz b (Bimp)

a2 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 3.6). For othéer
types of broadband disturbance, this procedure may introduce an error. Therefore, d measured- with the
reference bandwidth shall take precedence.

b The bandwidth selected shall be defined as the impulse bandwidth of the measurjrg a tolerance

of £10 %.

5.3.2 Charge and discharge time constants ratio

In order to achieve a meter reading within 10 % of the tr
rate of 1 Hz, the ratio of discharge time constant to ¢
greater than the following values:

a) 1,89 x 104 in the frequency range 9 kHz to 1
b) 1,25 x 108 in the frequency range <450}

c) 1,67 x 107 in the frequency range 30}

d) 1,34 x 108 in the frequency range 1 GH

between 30 ms and 3

NOTE For receivers that
techniques, the req
of the display can be used

peak measurements, the video bandwidth (B,,4e,) shall be
or equal to the resolution bandwidth (B..,). For peak

For peak-measuring receivers, the overload factor does not need to be as high as it is for
other types of measuring receivers. For most direct-reading detectors, the overload factor
shalltbe slightly larger than unity. The overload factor shall be adequate for the time-constants
used. (see 5.3.2).

5.4 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 instrument measures a sine-wave signal using a 50 Q resistive source
impedance.

5.5 Response to pulses

Up to 1000 MHz, the response of the measuring receiver to pulses with impulse area
1,4/Bim, mVs (where B, is in Hz) 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. with
rms value of 2 mV [66 dB(uV)]. The source impedances of both the pulse generator and the
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signal generator shall be the same. The pulses shall have a uniform spectrum according to
Table 2. A tolerance of +1,5 dB is permitted in the sine-wave voltage level, and this is a
requirement for all pulse repetition frequencies for which no overlapping pulses occur at the
output of the IF amplifier.

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.

Table 7 — Relative pulse response of peak and quasi-peak measuring receivers
for the same bandwidth (frequency range 9 kHz to 1 000

Ratio peak/dquasi- k (d
Frequency Aimp Bimp for puI/sré\{ etitme
100\@?

mVs Hz 25 Hz
Band A 6,67 x 10-3 0,21 x 103 6,1 \ }
Band B 0,148 x 10-3 9,45 x 103 N\ \ 66
Bands C and D 0,011 x 1073 126,0 x 103 AR\ 12,0

NOTE 1 The pulse response is based on the use of the referepce bandwidthionly tsee/Table 6).

NOTE 2 The values in this table result fropi\the nomipal pecifcatof the detector weighting functions.
Therefore, verification by a calibration laborafory is\noKrequiréd.
N

using a pulse-modulated carrier at the|
ifofm spectrum up to 18 GHz are nof

Above 1 GHz, the required impulse area js_defi
frequency of test, since pulse generator
feasible. See E.6.

€
a

5.6 Selectivity

Since the band
in Figures 5, 6 ant'7

shape only, and
corresponds to 1

5.3.1 allow variations from the bandwidths shown
rves apply to peak measuring receivers in regard to
shall be scaled accordingly. For example, Bg/2



https://standardsiso.com/api/?name=9b04824683db2b73e3a31bd51abe6378

CISPR 16-1-1:2015 © IEC 2015 -29 -

Q L | » f 1,35 MHz/20 dB
\ ‘ [
18 /
5 /
) \ f
5
= \ 13 /
o
g
B \ /
c 045/ AR 410 an
8 . o PR S ,l/"p' 4B=—T—%— Max banawidth
5 \ T / | —=— Min. bandwidth
5 o -0,375/6 dB ## 0,55 MHz/6 dB
g ‘ ‘
o N [
z 3
2 h\ JH0,25/3
° N 7
L > JI —~e ®—_1dB
2
14 -12 -1 -0,8 06 -04 02 0 02 04 06 08
-Af MHz off mid-band +Af,

IEC

NOTE 1 The limits for the impulse bandwidth cannot be show
depends on the type of the filter. Therefore bounds for the 6-4
orientation.

e redated filter attenuation
jdths have been given forn

NOTE 2 The limits for the overall selectivit)

— Preselection_fikker Yor 1 E:"when measuring low level spurious signals in the presence
of a stro j - nal for certain equipment under- test insert a filter at the

— Several filters~pay’be required to deal with more than one fundamental frequency.

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

Requirements for screening effectiveness, that is, the immunity to high ambient radiated
disturbances, are under consideration.

6 Measuring receivers with average detector for the frequency range 9 kHz to
18 GHz

6.1 General

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
to measure narrowband signals to overcome problems associated with either modulation
content or the presence of broadband noise.
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Spectrum analyzers and FFT-based measuring instruments that meet the requirements of this
clause can be used for compliance measurements. For emission measurements, FFT-based
measuring instruments shall sample and evaluate the signal continuously during the
measurement time.

6.2 Input impedance

The input port of the measuring receiver shall be unbalanced. For receiver control settings
within the CISPR indication range, the input impedance shall be nominally 50 Q with a VSWR
not 10 exceed the values stated in Table 5.

Symmetric (balanced) input impedance in the frequency range of 9 kHz to 150 kHz:“dse a
balanced input transformer for symmetrical (that is, ungrounded) measwements) (The
preferred input impedance for the frequency range of 9 kHz to 150 kHzN§ Symmetric
input impedance may be incorporated either in the relevant symmefrical\ artificial network|

6.3 Fundamental characteristics
6.3.1 Bandwidth

The bandwidths shall lie within the values shown in Fabl

Table 8 — Bandwidth requirements$\for suking eers ith average detector

Frequency range Bﬂlﬁwidm\ée \_/ Reference BW

9 kHz to 150 kHz (Band A) ( 100 Hz\g\x@ I-E{ 200 Hz (By)

150 kHz to 30 MHz (Band B) N R 9 kHz (B,)
30 MHz to 1 000 MHz (Bands Qnd\&l( \QO MtoWkHz a 120 kHz (B)

1 GHz to 18 GHz (Band E)[ \@Mz MHz a 1 MHz b (8,,)

a

NI bandwidth other than the reference BW is used, this
el is reported.

b able 6.

detéctors, the overload factor for circuits preceding the detector at

z shall be By, ,/n, with Bj,, in Hz.

The receivershall_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 prevenf
non-linear operation of the receiver at very low pulse rates (the response to a single pulse is not defined).

6.4 Slne-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 measures a sine-wave signal with 50 Q resistive source impedance.

6.5 Response to pulses

6.5.1 General

NOTE Annexes B and C describe methods for determining the output characteristics of pulse generators for use
in testing the requirements of this clause in the frequency range below 1 GHz.
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6.5.2 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 » Hz and impulse area of 1,4/n mVs
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. with rms value of 2 mV [66 dB(uV)]. 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 data shown in Table 2. A tolerance of 1,5
dB/-1,5 dB is permitted on the sine-wave voltage level.

NOTE 1 At repetition frequencies of 25 Hz, 100 Hz, 500 Hz, 1 000 Hz and 5 000 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 9.

Table 9 — Relative pulse response of average and si
peak measuring receivers for the same band &
Ratio quasi-peak/average\in ca ions V
Frequency range of for pUIse%:;}hK
measuring receiver
25 Hz 100Hz/ 50|+§\\1 oo z 5000 Hz

9 kHz to 150 kHz (Band A) 12,4 \ \ \/
0,15 MHz to 30 MHz (Band B) (82,9 229 (17,4)
30 MHz to 1 000 MHz (Bands C and D) r\\)/ R\ (38,1) 26,3
NOTE 1 The pulse response is based on the/use\of t ce bandwidih @nly (see Table 8).

Above 1 GHz (Band E
and logarithmic:

hepulse shall be defined as a pulse-modulated carrier. The

rms value of .
A tolerance of + 1,5 dB is permitted on the sine-wave voltage|

value of n sh
level.

average detector, the response of the measuring receiver to pulses off
repetition rate 33 z (inverse of period 3 ps) and impulse area of 6,7 nVs e.m.f. at 50 Q
source impedance sHall be equal to the response of an unmodulated sine-wave signal at the
tuned fréguency having an e.m.f. with rms value of 2 mV [66 dB(uV)]. A tolerance of + 4 dB is
allowed.on the sine-wave voltage level (the 10 % tolerance of the bandwidth causes a
possible variation of approximately + 2,5 dB).

For the loga

For further details, see E.6.

Average detection can be achieved with spectrum analyzers operated with a video bandwidth
Bigeo << Biesoi 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(uV) and
60 dB(unV), the level obtained in the logarithmic mode is 40 dB(uV), whereas in the linear mode, the level of
54,1 dB(nV) represents the true average value of the signal.
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6.5.3 Variation with repetition frequency

The response to repetitive pulses of a measuring receiver equipped with a linear average
detector 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
rule:

Amplitude proportional to (repetition frequency)~"

A tolerance of +3 dB to —1 dB is allowed in the frequency range from the lowest useable
repetition frequency to a frequency equal to B3/2, as determined from overload
considerations.

NOTE 1 The theoretical pulse response curves of quasi-peak and average detectop/fe
absolute scale, are shown in Figure 4. The response to repeated pulses of the measuyr|
logarithmic average detector (above 1 GHz) is influenced by the noise level B
following values:

L is the level indicated by the logarithmic average detector;

logAv
Tp is the pulse duration;
Ly is the pulse level in dB(uV);
Ty is the duration of the noise level;
Ly is noise level in dB(uV);

then the following approximate relationship apglies:

Tpr-%]NLN
Liggav = Than,

(7)

noise level Ly is 8dB(nV), T, = 1/B, =1 ups,
ation, L = 15,7 dB(unV). In reality, L Is higher

logAv logAv

following the™e
by continuous itoring of the meter output using an A/D converter and a microprocessor,
as shown in-Figure

Envel Meter A .
nvelope »| Simulating > - Micro-
detector netwark A processor

IEC
Figure 10 — Block diagram of an average detector

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

It is deduced from the above requirement that an average measuring receiver shall yield the
maximum reading listed in Table 10 for a radio frequency sine-wave input signal modulated
with repeated rectangular pulses having the duration and period indicated in the table. A
tolerance of £1,0 dB is allowed for this requirement.
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Table 10 — Maximum reading of average measuring receivers for a
pulse-modulated sine-wave input in comparison with the response to
a continuous sine wave having the same amplitude

Repeated rectangular pulses for Band A/B receiver Band C/D receiver
modulation Ty =0,16s Tw=0,1s

Duration =Ty,

Period = 1,6 s

0,353 (= -9,0 dB) 0,353 (= -9,0 dB)

NUTE 1IN Bdand E, thiS applies Tor the Iihear average detector only.

4,0V

o V (video)

shot showing response of the meter-simulating network
to an intermittent narrowband signal

6.6 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|

fthinthe timits shown {m Figure 5 and 6, respectively. For receivers with a bandwidth o
120 kHz (for the frequency range 30 MHz to 1 000 MHz), the overall selectivity shall be within
the limits shown in Figure 7. For receivers having other bandwidths, Figures 5, 6 and 7
describe the shape only and the frequency axis shall be scaled accordingly. The curve
representing the overall selectivity of the measuring receiver reference bandwidth for Band E
shall lie within the limits of Figure 9.

The requirements of 4.5.2, 4.5.3 and 4.5.4 apply.
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NOTE For the measurement of equipment that requires higher selectivity at the transition between 130 kHz and

150 kHz (for example, mains signaling equipment as defined in EN 50065-1 [18]2), a high-pass filter may be added
in front of the measuring receiver to achieve the following combined selectivity of CISPR measuring receiver and
high-pass filter:

Frequency Relative attenuation
kHz dB
150 <1
146 <6
145 > 6
140 > 34
130 > 81

[The measuring receiver in conjunction with the high-pass filter should
of this standard.

equirements

6.7 Intermodulation effects, receiver noise, and screeni

[The requirements in 5.7 shall apply.

7 Measuring receivers with rms-average d
9 kHz to 18 GHz

guency range

7.1 General

detector (for pulse repetlt' k orner frequency f.), thus achieving a
pulse response curve i i 10 dB/decade above the corner
frequency and 20 dB/dg

Spectrum analy
clause can be u
measuring instrum
measurement timg

dnd evaluate the signal continuously during the

ring receivers shall be unbalanced. For receiver control settings
within the indy range, the input impedance shall be nominally 50 O with a VSWR
not to exceedthe values in Table 11.

Table 11 — VSWR requirements of input impedance

Frequency range RF Attenuation VSWR
dB

9 kHz to 1 GHz 0 2,0 to 1

9 kHz to 1 GHz 10 1,2 to 1

1 GHz to 18 GHz 0 3,0to1

1 GHz to 18 GHz 10 2,0to 1

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

2 Figures in square brackets refer to the Bibliography.
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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.

7.3 Fundamental characteristics
7.3.1 Bandwidth

The bandwidths shall lie within the values of Table 12.

Table 12 — Bandwidth requirements for measuring receivers with rms-average detector

Frequency range Bandwidth f\
9 kHz to 150 kHz (Band A) 200 Hz (Bg) |
150 kHz to 30 MHz (Band B) 9 kHz (Ba\.  \
30 MHz to 1 000 MHz (Bands C and D) 120 KHA(B\
1 GHz to 18 GHz (Band E) 1 MH2XB)

NOTE The chosen value in band E is defined as the impulse dwidth of\t&m su?hqg{
receiver with a tolerance of + 10 %. \
X \/

7.3.2 Overload factor

Above the corner frequency f., specifie
detector at a pulse repetition rate o !
corner frequency the overload factor 3 itisn rate of n Hz shall be above the|
value 1,27(B3 / f)12 x (f, I n).

NOTE 1 “Corner frequency” is the b g which the rms-average detector behaves like
an rms detector and below which thexyms-averag ¢ slope of a linear average detector.

[The minimum pulse r iti ithot oad shall conform to the values given in
Table 13.
T ;{\’5\ se repetition rate without overload

a
AN
ra
e

Frequenc e of / Corner Minimum pulse Ratio peak/rms
measuring kecelive frequency f_ repetition rate -average indications
kHz Hz dB

9 kHz to 750 kH2\(BaRd'A)  \ 0,01 5 19
0,15 MHz t6°30 Mb%(Bana) / 0,01 5 35,5

30 MHz to 1 000.MKlz (BaRds C and D) 0,1 31,6 40,6
1 GHz to 18:GHz (Bandh&) 1 316 40

NOTE\2-.*With this type of detector it will not, in general, be possible to provide sufficient overload factor to]
prevent non-linear operation of the instrument at very low pulse repetition rates for short pulses in Bands C/D and
E'(the response to a short single pulse is only theoretically defined in these bands).

NOTE 3 Annex A describes the calculation for the overload factor for the rms detector. Annex B describes the
determination of the pulse generator spectrum. Annex C describes the accurate measurement of the output levels
of nanosecond pulse generators.

NOTE 4 For Band E, the test can be made with a pulse-modulated sine-wave signal, with an occupied bandwidth
of e.g. 2 MHz. E.6 gives the specification of an applicable test signal.

7.4 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 measures a sine-wave signal with a 50 Q resistive source
impedance.
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7.5 Response to pulses
7.5.1 Construction details

The detector function can be represented by an rms detector that continuously determines
rms values during periods of time equal to the reciprocal of the corner frequency f.. These
rms values are then passed through a second order low-pass filter that corresponds to the
critically damped indication that is specified for the quasi-peak detector, the time constant of
which is defined up to 1 GHz. For Band E, the time constant is 100 ms. In case of variation
with time the maximum output of the Inw-pa:q filter is the measurement result

NOTE Annexes B, C and E describe methods for determining the output characteristics of pulse generatorsforf
use in testing the requirements of this clause.

7.5.2 Amplitude relationship

C, D and E, the correspondlng values are 44 x
impedances of the pulse generator and the signa
tolerance of £ 1,5 dB is permitted in the sine-way,

Table 14.

\When external preamplifie

m asurlng receivers

Frequen Pulse repetition rate Ratio quasi-peak/rms
measuring{eceler -average indications
Hz dB

9 kHz to 150 ki (Bany A)\ 25 4,2
0,15 MHz t2.30 WiHz (Band BY, 100 14,3

30 MHz t%%\()MZMS C>and D) 100 20,1
N

NOTE The val in this table result from the nominal specification of the detector weighting functions.
Therefore, vefifiedationby & calibration laboratory is not required.

7:5.3 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 above the corner frequency f, shall be in accordance with the following rule:

amplitude proportional to (repetition frequency)=1/2,
Below the corner frequency f; the relationship shall be in accordance with the following rule:
amplitude proportional to (repetition frequency)~1

The response curve for a particular receiver shall lie between the limits in Table 15.
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Table 15 — Pulse response of rms-average measuring receiver

Repetition Relative equivalent level of pulse in dB
frequency
Band A Band B Bands C and D Band E
Hz
100 k - - (-20 + 2,0) -20+2,0
10 k - - -10+1,0 -10+£1,0
1 000 - 0 (ref.) 0 (ref.) 0 (ref.)
316 - +5+0,5 +5+0,5 +10+ 1,0
100 -6+0,6 +10+ 1,0 +10+ 1,0 (+20 £+ 2,0)
31,6 - +15+1,5 +20 + 2,0
25 0 (ref.) +16 + 1,6 <\
A\
10 +4 +£0,4 +20 + 2,0
5 19407 | +25+23 /\
1 : : \
NOTE 1 Values in brackets are for information only, \)
NOTE 2 The values at 5 Hz for Bands A and B take into ac e effect of the
meter time constant.

7.5.4 Response to intermittent, and dri ing<>a owband disturbances

The response to intermittent, unstead i narrowband disturbances shall be such
that the measurement result is equival ing of a meter with a time constant
of 160 ms for Bands A and/k , D and E. This can be accomplished
by the meter-simulating ' S to/which the rms values described in 7.5.1
are used as input.

It is deduced frog >
the maximum re i
with repeated recta:
tolerance of +1,0 i

a’radio frequency sine-wave input signal modulated
the duration and period indicated in Table 16. A

continuous sine wave having the same amplitude

eated rectangular Band A/B receiver Band C/D/E receiver

pul or modulation T, =0,16s T,=01s
Duration = T}, 0,398 (= -7,9 dB) 0,353 (= -9,0 dB)
Period = 1,6 s

NOTE The value for the Band A/B receiver can vary by about + 0,5 dB due to
varying overlapping of the 160 ms pulse duration with the 100 ms rms integration
time duration.

7.6 Selectivity

The selectivity curves for the rms-average weighting receiver shall be equal to those of
Figures 5, 6 and 7, for Bands A, B, C and D. For the Band E receiver, the selectivity curve is
given in Figure 9.

The requirements of 4.5.2, 4.5.3 and 4.5.4 apply. For Band E receivers, requirements are
under consideration.
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7.7 Intermodulation effects, receiver noise, and screening

For the frequency range below 1 GHz, the requirements of 4.6, 4.7 and 4.8 apply. Subclauses
4.7 and 4.8.2 also apply for Band E.

For Band E, the following applies:

— requirements for intermodulation effects are under consideration.

— preselection filter: when measuring weak spurious signals in the presence of a strong
fundamental signal from certain equipment under test, a filter shall be provided at the
input of the measuring receiver to ensure 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 equipméni under tegt is normally
adequate.

NOTE 2 A number of such filters may be required to deal with more than one
Requirements for screening effectiveness, i.e. the
disturbances, are under consideration.

8 Measuring receivers for the frequency ran

The APD meas
may be attached tasg

uses comparg (Figure G.1). The equipment determines the probabilities off
exceeding a‘set O NE-GSSIS amplltude (i.e. voltage) levels. The number of levels equals

resolution of-the™analoy-to-digital converter (e.g. 256 levels for an 8-bit converter).

APD measurements using the aforementioned function are applicable to products or product

famijlies if their potential to cause interference to digital communication systems is to be

determined (see 4.7 of CISPR 16-3:2010/CISPR 16-3:2010/AMD1:2012, for background
aterial on amplitude probability distribution, APD, specifications)

The following specifications apply to the APD measuring function. A rationale for these
specifications is provided in Annex G.
e Specifications

a) The dynamic range of the amplitude shall be greater than 60 dB.

b) The amplitude accuracy, including threshold level setting error, shall be better than
+ 2,7 dB.

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

e) 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
simultaneously. The resolution of the pre-assigned amplitude levels shall be 0,25 dB at
a 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.

¢ 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 can also be applicable in the frequency range below 1 GHz.

9 Disturbance analyzers

9.1 General

Disturbance analyzers are used for the automatic assessm rate and duration

of discontinuous disturbances (clicks).

A ‘click’ has the following characteristics:

the start of the first to thé
and c) are fulfilled.

[The time parame
measuring receive

NOTE 1 Definition &

of the-measuring receiver. For these measurements, only the part of the disturbance has
to be\considered which exceeds the IF reference level of the receiver. The accuracy of
duration measurements shall be not worse than +5 %.

NOTE 1 The IF reference level is the corresponding value in the IF output of the measuring receiver to an

unmoedulated—sinusoidal—siagnal—which—oroduces—a—aguasi-peak—indication—eagual—-to—-the-limitfor continuous
&) g P a L <

disturbances.

b) The analyzer shall be equipped with a channel to assess the quasi-peak amplitude of a
disturbance.

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

d) The combination of both channels shall comply in all respects with the requirements
of 4.2.

e) The 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;
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— 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 the form of a block diagram in Figure 12.

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

Figure 13 presents in a graphical form the waveforms listed in Table 17.

.... [Ty N 4 for o
1 1 U

Hgtre——t+—presents—in—a—graphicatform—at—the—waveforms—tisted—in—TFableFH4—For—th
performance check of the exceptions from the definitions of a click according to 4.2.3
of CISPR 14-1:2005.

@%
S
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Test |IEvaluation by
No. Test signal | the analyzer
I
I
1 0,11ms/1 dB | 1 click
9,5 ms/1 dB I
2 f tctick
Background: noise or CISPR pulses, 200 Hz: -2,5 dB (QP) I
190 ms/1 dB
3 click
Background: noise or CISPR pulses, 200 Hz: -2,5 dB (QP)
hexthanyclick
4 1333 ms/1dB /\
5 210 ms/1 dB Q@Other than click
——
30 ms/5 dB 30 ms/5 dB I
6 I 180 ms I /\ /(> 6  Other than click
30 ms/5 dB 30 ms/5 dB \—J !
130 ms | :
7 I I 1 click
N '
30 ms/5 dB 30 ms!§ dB |
8 | 2 clicks
DV |
| Other than click
9 Ain. 21 pulses/0,11 ms/periodicity 10 ms/1 dB

|
| 1 click

12

|
- Band B: 1 166 ms/Band C: under consideration h 1 click
——————————— }

Band B: 1 034 ms/Band C: under consideration

i | 2 clicks
I

190 ms/25 dB 30 ms/-2,5 dB/2 dB IF

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

Figure 13 — 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 17 — Disturbance analyzer performance test —
Test signals used for the check against the definition of a click (7 of 4)

Test signal parameters
1 2 3 4 5
QP .amplitude of Duration
impulses X
- of impulses f
. adjusted . N . .
S individually adjusted in the o . Graphical presentation of
relative to QP intermediate eparation the test signal measured |
» frequency output | of impulses in the IF-output and
o reference iodici Evaluation b . P :
[ of the or periodicity y the associated QP signal
indication of the h | 9
measurement (IF-output) the analyzer
measurement .
. receiver
receiver ms
dB ms
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
1 1 0,11 1 Click<
/\ N I~
6 Wl . \m
)/ 1s
2a 1 9,5 o § click
/\ \Jx s
3a| 1 /\ NO\> 1 click
QX\\
\/ L —
2,2s
4 1 13335b Other than
click
An| %
5
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Test signal parameters

1 2 3 4 5
QP .amplltude of Duration
impulses - f
- of impulses
. adjusted . N . .
S individually af‘J;JSted(;l_“ :he Separation Graphical presentation of
: intermediate the test signal measured
s reLae?;’fe:‘(::eQP frequencyv output of imnulses E | 5 Har N u:g ‘P 4 "
o } Y f RULSE - in-the-H~output-an
dicit valuation by . .
F | indication of the meagfu:z(ranent o;llg?;:ftpl:tl)y the analyzer the associated QP signal
measurement oivor relaflve_ to .the reference
receiver ms indication of th(_e
ms me ent receiver
dB
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2 A (\
5 1 210 Other than >
click (210 m
N,
s
Sa
\ AN
/\ >§ T~
vl
6 7 Tt
)\/ 1s
6 5 5 30 30 180 Other.thafl
chick (240 ms)
\(\ % el
Qs ;
A\
7 5 & 30 W 130 1 click
¥
.......... Ts
8 5 5 30 30 210 2 clicks
,/F\\
yd ™~
ﬁWFWWWWWW
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Table 17 (3 of 4)

Test signal parameters
1 2 3 4 5
QP .amplitude of Duration
impulses - §
- of impulses
. adjusted . N . .
S individually af‘J;JSted(;l_“ :he Separation Graphical presentation of
R intermediate the test signal measured
s reLae?;’fe:‘%eQP frequencyv output of imnulses E | 5 Har N u:g ‘l' 4 "
o } Y f ST - in-the-H—output-an
dicit valuation by . .
= indication of the of the ¢ OEIE?;LOtpf,:)y the analyzer the a_ssocmted QP signal
measurement meraescueri?/r:fn relaflve. to .the reference
receiver ms indication of tht:,\
ms me ent receiver
dB
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2 (\
9 1 0,11 Periodicity 10, Other than 3
minimum 21
pulses
¢ e
10| —2,5 25 30 30 [N\ 2 Delick”
\\)\/ : -
W =
/
< A> \/\ > s =
11| 25 26 ¢\ \190 W 1034 € 2 clicks d
/\ > e
N N
Q / X
/ N
| -
\/ ~{
oAt ':‘M‘ el
L 5 s
12 25 -2,5¢ 190 30 1166 ¢ 1 click
4N
N
/ N
| N
!
™
WMM ki
T s
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Table 17 (4 of 4)

a2 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 receiver which show the 200-Hz pulse. When the pulse-modulated sine wave arrives, the 200-Hz-
pulse is no 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 j
peak threshold is not exceeded

ceeded but-the quasi-

€ The correspondent values for the frequency range above 30 MHz
revised after further investigations.

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

9.3 Test method for the validation of the perfarmance
9.3.1 Basic requirements

The disturbance analyzer is connected
convenient frequency.

and 3.

The pulsed CW s;

a) The CWc¢sighal is connected to the input of the measuring receiver used in conjunction
with the~disturbahce analyzer. The amplitude of the CW signal is adjusted to bring the
meter indication 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.

b) The pulsed CW signal is connected to the input of the measuring receiver. For test
numbers 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.
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9.3.2 Additional requirements

The test method is identical to the one described in 9.3.1a). The parameters of the signal are
given in Table F.1.

@%
S
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Annex A
(normative)

Determination of response to repeated pulses of quasi-peak
and rms-average measuring receivers
(See 3.6,4.4.2,7.3.2and 7.5.1)

A 4 O onora
L ucllclﬂl

This annex sets out the data for the numerical calculation, and the procedure for establishing
the curve of response to repeated pulses. The assumptions inherent in wethod ‘ane also
stated. The calculation is divided into three successive stages.

NOTE The text on the rms detector in this annex deals with the rms measuring €eceive applies to|
the rms-average measuring receiver above the corner frequency f, as defined in Clayse \{.

A.2 Response of the pre-detector stages

The pulse response of these stages is, in general, « i by~the IF stages that
define the overall selectivity of the receiver.

[The envelope of the p

A(t) = 4(00Ge_w0@

(A1)

The envelgpe of thefesponse of two critically-coupled tuned transformers to an impulse area
vt is, from/the previous equation:

1) = (07 g Ge ™ (sin wyt — wgt cos wyt) (A.2)

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

2
F(f)=Gx 2% (A.3)
[(wo +jof + wg]z

where o = 2xf.

The bandwidths B; and Bg will be:
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v ><w4’i\/2—1i g
(A.4)
By = = 0,361y
T
V2 x
Bg = Y220 — 0,450 (A.5)
T
The—affants baonaa it f o roaoaoiluar acmaneioina o idaglioand eaaton lor filtaor o i
TTTC  CITOUUIvVE  UAarTuwiuilrm UT a ToUuUTITveT, \J\JIIIHI IDIIIU [<IRERAC A A ra vy | IG\JLGIISUIUI LI 3IVIIIH o

same rms value of response as an actual receiver, is equal to the power bandwidth Af defined
as:

M=&%lr%%ﬁ# (A6)
FO -®

where

F(f) is the selectivity curve;

Fo is the maximum value of F(f) (assuming a single curve).
The power bandwidth is then, for Fg =

& =[P (A7)
Taking F(f) from Equatio

Af :jwz /2% (A.8)

° [(wo +M

this leads to:

Af =0, 00 (A.9)
thus:

B3 = 0,968 Af (A.10)

A3 Response of the quasi-peak voltmeter detector to output of preceding
stages

A.3.1 General

The calculation is made on the assumption that the connection of the detector circuits to the
output of the last IF stages does not affect either the amplitude or the shape of the signal
therefrom. In other words, the output impedance of this stage is regarded as negligible
compared with the input impedance of the detector.

Any detector may be reduced to the form (actual or equivalent) of a non-linear element (for
example a diode) in association with a resistance (total forward resistance §) and followed by
a circuit consisting of a capacitance C in shunt with a discharge resistance R.
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The electrical charge time constant 7. is related to the product S x C, while the electrical
discharge time constant 7 is given by the product R x C.

The relationship between T and the product S x C will be established by obtaining, in a time
t = Tc, an indicated voltage of 0,63 times the final steady value when a constant amplitude RF
signal is suddenly applied.

The voltage U across the capacitor is related to the amplitude 4 of the RF signal applied to

the detector I‘\\JI the aqnnfinn-

U | UiRe) = A(sing — 6 cos0)
dt TxSxC

(K1)

where 6 is the conduction angle (U = 4 cos 6).

constants chosen satisfies the above conditions, is found by imation, for

example:

in Band A:
in Band B:
in Bands C apd\D:

By inserting th
isolated pulse or Yep

gquation (A.11), this may be solved for either an
by methods of approximation) by introducing, in

place of the constant i nction 4(z) given by Equations (A.1) and (A.2).
This case of sSepea be solved practically only by arbitrarily assuming a level for
the outpuf.voage ofth Or at the start of each pulse, by determining the increment AU

d by\the pulse, and then finding the spacing which shall exist between
ive pulsesiin order to repeat the assumed initial conditions.

A.3.2 Ré&sponseof the indicating instrument to the signal from the detector

The only“simplifying, but perfectly legitimate, assumption is that the rising portion of the
outputvoltage of the detector is instantaneous.

I'ne 1ollowing characteristic equation then has 10 be solved:

—t/Tp
2
d s [ 2 d“j: 12a: A (A.12)
dt Iw dt ) 14 Tl\%
where

a(t) s the instrument deflection;
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Tp is the electrical discharge time constant of the quasi-peak voltmeter;
Tm 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

dibuidt;ull bcuunlca nore bump“batcd. At thb‘ btdlt Uf cdbh puiac, thc: iIIDtIuIIIUIIt dCﬂCbt;Ull ;b
varying and it is necessary to find a solution that takes account of the initial position and
velocity.

A.4 Response of rms detector to output voltage of precedir

A.4.1 Output voltage and amplitude relationship

By definition, the output voltage of the rms detector is given by:

. Azt 1/2
Urms{ . %dt} (A.13)

[The output may also be deduced from the frequexc ponse curve as:

(A.14)

iform frequency spectrum.

(A.15)

Which, from Equatietr(A.7), gives:

U= 72 x vt x i x\[af (A.16)

From Equation (A.16), the amplitude relationship may be deduced by taking:

Urms = 2 mV, when n = 100 Hz
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thus:

10042
Jar

or from Equation (A.10):

s (A.17)

139

vV
\/gu s (A.18)

A.4.2 Calculation of overload factor

VT =

[The overload factor corresponding to a pulse repetition frequenc
follows.

From Equation (A.16):
Urms = (07)% (ZnAf)Hz

From Equations (A.1) and (A.2), and f

A(t)peak = 0,944 X VT X o

Thus the overload factor:

(A.19)

sation of rms meter and quasi-peak meter

when reference is made to the bandwidth at 6 dB.

For the quasi-peak receiver, the value of pulse (v7)
signal of 2 mV, is as follows:

qp’ which is equivalent to a sine-wave

for the frequency range 0,15 MHz to 30 MHz:
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(v7)gp =0316 Vs
for the frequency range 30 MHz to 1 000 MHz:
(v7)gp =0,044 1Ns

Thus for measuring receivers having band-pass characteristics according to Equation (A.3)
and a bandwidth at 6 dB equal to the nominal bandwidths prescribed in Clauses 4, 5, 6 and\7|
the following relationships for (v7). ¢/ (v exist:

gp

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

Woms _ 143 48
(V7)gp

for the frequency range 30 MHz to 1 000 MHz:

(W)ms _ 201dB

(ur)qp
These relationships are valid for a putse rs of 100 Hz. At other repetition
frequencies, it is necessary to use the corxespo ponse curves.
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Annex B
(normative)

Determination of pulse generator spectrum
(See 4.4,5.5,6.5,7.5)

B.1 Pulse generator

B.1.1 General

For checking compliance with the requirements of this standard, a pulse generator ismeeded.
Compliance with the requirements of 4.4, 4.6, 5.5, 6.5 and 7.5 may be t

generator technique.

capable of producing pulses with the impulse area specified a ge \of repetition
frequencies given in Table B.1. The impulse area should qthin +0,8°dB and the|
repetition frequency to within about 1 %.

Table B.1 — Pulse generattr(lga}aker\is
N\ A
Frequency band of Impulse\are % @epetl jon frequency
receiver under test
s Hz
MHz x

0,09 to 0,15 1,2,5,10, 25, 60, 100

13,
0,15 to 30 \ Noae \ N\ | 1.2 10, 20, 100, 1000
M4 \\)

30 to 36({ ( 1,2, 10, 20, 100, 1 000

300 19,000\ \(see Note) 1,2, 10, 20, 100, 1 000
The ratox_shouldpe\capa e\o@ming pulses of adequate impulse area with
a spéctrum ug(to 1 060 MHx% as unjformy’as possible.

\Y%

B.1.2 of\thegenerated pulses

[The spectrun i cupve that represents as a function of the tuned frequency of the
receiver un he g ariation of the equivalent voltage at the input of a measuring
Nt bandwidth.

The spectrum_sheuld pe substantially constant up to the upper limit of the frequency band of
the receivér-inder test. The spectrum may be regarded as satisfactorily uniform if, within this|
band, th'e variation of the spectrum amplitude is not greater than 2 dB relative to its value for
the lower 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.

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.
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For measurement of the variation of the spectrum amplitude with frequency, the following
method may be used.

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, B; Hz, of the receiver at the —6 dB points,

b) the rms value, E,, of the output from a standard signal generator having the same
impedance as the pulse generator and tuned to the mid-band of the receivery‘and
producing on the oscilloscope a deflection equal in amplitude to t eak ofs/the RF
pulses.

The relative spectrum amplitude at each frequency is taken to be:

using the quasj
frequency of the
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Annex C
(normative)

Accurate measurements of the output of
nanosecond pulse generators
(See 4.4, 5.5,6.5,7.5)

-

Mo -a-ciilrans-on £t o ava o
wr

C.1.1 General

[Theoretical and practical investigations have shown that, when applied \ onable care,

accurate methods of measurement include those given in C.1.2 to C.156

C.1.2 Area method

frequency f having a symmetrical amplitude character
characteristic (in conjunction with a filter, an amplifier r
its linear range).

[The total area under the envelope A(¢fA) of the
account the sign of different parts of is W
equation:

2dmp) = S(1)= [ 4 (0, )it (€1

where
S(f)
A(t.f)

is taken dires O an ossilloscope for the area measurement.

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

C.1.3 Standard transmission line method

A transmission line of length corresponding to propagation time 7 and charged to a voltage 7
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 2vr 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 be determined as follows:

_Vk 72 (C2)

C.1.5 Energy method

Another method compares the power produced
produced by the pulse generator. However, the a
what less than with the three method
frequencies of the order of 1 000 MHZz)

(resistor) with thaf]
this method is some-
ethod may be useful at

C.2 Pulse generator spectrum

C.2.4 Fo ¢ plrance with 4.4, 5.5, 6.5 and 7.5, the generator frequency

a) if variatioh-'ofN\the/frequency spectrum is substantially linear with respect to frequency
within. the frequency passband of the receiver, and the spectrum irregularity does not
exceed 0,5 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
thamthereceiver passband—atthattevet:

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
(See 4.4.2)

The level of the pulse response curve for high repetition frequencies depends essentially on
the magnitude of the bandwidth. On the other hand, for low repetition frequencies, the timeg
constants play the more important role. No tolerance has been stated for these {ime
constants, but it is suggested for guidance that a value of 20 % is considered reasonablg;

to 100 Hz.
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Annex E
(normative)

Response of average and peak measuring receivers
(See 6.3.1)

E.1 Response of pre-detector stages

It is shown in [19] and [20] that the area under the envelope of the impulse response curve-ofi
a narrowband circuit having a symmetrical frequency characteristic is independent ©f the
bandwidth, and is given by:

+

j/olo(t)dt = 201Gy (E.1)

—o0
where v and 7 are the amplitude and duration of a rectangular Qulsée i << 1 and
G, is the gain of the circuit at the centre frequency.
This theorem is valid only in the case of a non-oscilla envetape: The oScillatory envelope
is characteristic of double-tuned circuits, and unless(a phase s tector is used, it may
be necessary to compensate by calibration the e i the oscillatory response. In
the case of critical coupling, the second™peak ¢ t 8,3 % of the first one.
NOTE The response of the pre-detector stagesh\as d dtory. Therefore, the calibration erron
introduced by the oscillatory response is compepaSated witha b d\tolerance of +2,5 dB/-0,5 dB in 6.5.2.
As long as pulses do no hé IF amplifier, the average value is
proportional to the pulse re
Therefore, the average
In view of Equati 3 red meaningful to define an effective bandwidth for
an average measurif i
E.2 Overfoad
For calculatio load\factor and for use in connection with peak measuring receivers, if
is useful to™¢ a\ quaritity known as the effective impulse bandwidth of the pre-detector
circuit as follews:

Al ) max
B e\ /max E.2
mp. 2G0 ( )

where A(f),.x 1S the peak envelope output of the intermediate-frequency stages with a unit
impulse applied.

From the work leading to Equation (A.19), we have:
Bimp = (%jwo =105Bg or1,31B5 (E.3)

where Bg and B3 are defined in 3.6.
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For other types of tuned circuits, the ratio of Bjy,p to Bg may be estimated from Figure E.1 if
the ratio of B,y to By is known, where B, is the bandwidth at 20 dB.

1,20

el 81,15 <~
55 Single-tuned stages /

= A\ -

g y

— 1,10

[

o /

© /

o

8 1,05

/ Double tuned stages critical couan\Q
1,00 — \ >
QAR
\4\>

0,95
1

IEC

imp/Bg for other tuned circuits

E.3 Relationship be: ; 'o%a average and a quasi-peak
measuring regcei

At a repetition rateNg
average measuring

at the tuned freque

Xlse area required to produce a response on an
e response to an unmodulated sine-wave signal
from a signal generator having the same output

or = ¥4 A (E.4)

At a repetition 00 Hz, vris 14 pVs.

Therefore,)from A.5 the ratio of (v7),,, t0 (Uz’)qp to produce the same indication will be:

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

Toa% — 32,9 dB
(vT)gp

for the frequency range 30 MHz to 1 000 MHz:

(7)ave _ 501 gp
(vT)gp
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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 percentage of the reading
eferredto the true peak i functionm of @ parameter and which inciudes the time constants
ratio, the bandwidth Bg and the pulse repetition rate. In using this curve, it should be noted
that:

R_czyT_c
Ry "1

(E.5)

For example, if it is desired to have the receiver read at lea k at a repetition
rate of 1 Hz, it would be necessary to have a discharg arge time constant
ratio of:

The value of impulse| atea g pfoduce a response on a peak measuring

receiver equivalent ta unmodulated sine-wave signal at the tuned
frequency of rme

14 .
—— mVs (with(B; (E.6)
imp
From the rdwidths specified in Table H.1, the By, values are obtained as 1,05B8¢ (see
E.2). The and_the> corresponding Aimp values required for a peak meter are shown in
Table E.1.
Table E.1 - Bj,, and 4;,,, values for a peak measuring receiver
Frequency Aimp, peak Bimp
mVs Hz
Band A 6,67 x 10-3 0,21 x 108
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 1 for 4;,, ¢, the ratio of 4,5 oo 10 Aimp. peak

to produce the same indication is:


https://standardsiso.com/api/?name=9b04824683db2b73e3a31bd51abe6378

-62 - CISPR 16-1-1:2015 © IEC 2015

For Band A 6,1 at 25 Hz pulse repetition frequency;
For Band B 6,6 at 100 Hz pulse repetition frequency;
For Bands C and D 12,0 at 100 Hz pulse repetition frequency.
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of measuringnreceivers @bove 1 GHz to pulses and to verify the amplitude relationship of
various types)ofweaspring receivers, it is practical to use a pulse-modulated carrier tuned to
the receivesfrequency. The pulse width shall be less than or equal to (1/3 Bimp). The accuracy
of the impulse width is important for the precise generation of a certain impulse area as
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 Bimp of 1 MHz, an impulse
area (e.m.f.) of 1,4/ Bimp mVs is required, that is, 1,4 nVs for a response equal to that of an
unmodulated sine-wave signal tuned to the receive frequency having an e.m.f. with rms value
of 2 mV [66 dB(uV)]. A pulse-modulated carrier having the required impulse area can be
generated with the various pulse widths as shown in Table E.2.
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Table E.2 — Carrier level for pulse-modulated signal of 1,4 nVs

Pulse width Carrier level (e.m.f)
wp/ns Larried/dB(nV)
100 86
200 80

For a measuring receiver with a linear average detector, the impulse area (e.m.1.) equal to an
unmodulated sine-wave signal at the receive frequency having an e.m.f. with rms value™of
2 mV [66 dB(uV)] shall be 1,4/n mVs (n being the pulse repetition rate). For n = 50 000;-the
impulse area is 28 nVs, that is, 26 dB higher than for the peak measuring ejver withma B;

imp|
of 1 MHz.

For a measuring receiver with an rms detector, the impulse to an
unmodulated sine-wave signal at the receive frequency having~an\e alue off
2 mV [66 dB(unV)] shall be 44(B51/2) uVs for pulse repetition<rate an impulse
bandwidth B, of 1 MHz, the corresponding B3 is 700 k ed impulse|

area is 52,6 nVs, that is, 31,5 dB higher than for the peak :

1 MHz.

*RBWV 9
VBW 30 kHz 61,99 dBLV

et 0B ¢ a0 g \swr 3 1 128,600 000 00 MHz

> B
1pk 0 Q >
CLRWR
70

<

60

28

[
f&ﬁ\ O v\\ AA
"\ + |
N
NS

-10

=

%

Center 128 MHz 5 MHz Span 50 MHz

IEC

Figure E.3 — Example (spectrum screenshot) of a pulse-modulated signal
with a pulse width of 200 ns

E.7 Measurement of the impulse bandwidth of a measuring receiver

E.7.1 General

The impulse bandwidth B, , of a measuring receiver is defined as the peak value Up
(measured by the receiver) divided by the pulse spectral density D of the test pulse:
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_ UP
=% (E.7)

Bimp
If U, is measured in uV and D is given in uV/MHz, then B; mp will result in units of MHz. Both
quant|t|es and D, are assumed to be calibrated in rms values of an unmodulated sine
wave signal, which is the case for CISPR measuring receivers.

The pulse spectral density D will frequently not be available as a precise reference quantity.
In order to reduce the uncertainty 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 the “voltage bandwidth” of the measuring receiver (not to be conf with the power
bandwidth or equivalent noise bandwidth, which determines the rms vaftt aussian noise
when using the rms detector of the measuring receiver). B, |s det i thexselectivity
curve of the IF filter, the (possibly non-linear) phase response [ and the video
bandwidth of the receiver. It is wider than Bg, but there is no generalactorfor the relationship
between B;,,, and Bg or B3 of the receiver.

E.7.2 Method 1: Measurement by comparison of there ¢ imp to two pulses

This method applies a pulse-modulate y rt pylse duration as shown in
Figure E.4 and two different prfs. Wit the\i R e‘eceiver can be tuned to the
carrier frequency as shown in Figure E} ' Y 5 (fp « Bimp), the spectrum will
appear as a broadband signal as in Figu .6\WH pulse spectral denS|ty of D = U1><r The)

pulse shape (amplitude U, and duratio e yendent of the prf. For B, = 1 MHz,
o1 could be selected to be 80 MH

ulse width (at 50 % points)
Pulse repetition frequency (PRF)

1
T

fo= Ti Carrier signal frequency
0

IEC

Figure E.4 — Pulse-modulated RF signal applied to a measuring receiver
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Voltage

! Frequency
f&) - i fo fO + i :
T T 1
' 2 | 1 |
! T v

IEC

Voltage

RMS value of peak
of transient response

Frequency
IEC

imp Much wider than the prf

amplitude U, can be expected as Up = Uy x 7x f,1. Low
measurement uncertai a e achieved by a high signal-to-noise ratio. But care shall be
ad.\Withvthe second measurement, the maximum response of the rms

ansient can be expected as U, = Uy x7 x Bjy,,. If the product Uy x 1
th measurements, then B;,, can be calculated from the two

3s shown in Figure E.7 using Equation (E.2):

(E.8)
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Up = Uy x 7% Jpq

Receiver response

fp2 >> Bimp

as method 1, measurement. i I gh prf signal, the second

measurement is made with a filter muc S 8 he method is also described
in C.1.5.

This method determines the ity D\using the equation D = Uk/fp, where U,
is the measured voltage i he carrier frequency, if the signal is a
pulse-modulated carrig ¢/ receive frequency, at which B, is to be
measured) and f, is the pef. i shalNbe much higher than the narrow bandwidth and
much lower tha B» ~ L€, Bharrow < fp « Bimp- Example settings could be
Brarrow = 9 kHz, Y= MHz. The method requires a comparison of the

responses of the wba i arid of the filter to be measured by applying an
unmodulated sing

calculation of [
for the narro
peak dete

being the value for the wide filter and U, being the value

= exUilf,. When D is determined, Up is measured with the

E.7.4

This methed<has the/advantage of high precision and is applicable for filters with a perfectly
linear selectivity function (e.g. digital filters, or per specification by the manufacturer) and
where<the video bandwidth is much wider (e.g. 10 times) than the impulse bandwidth

(Bvideo » Bimp)'

In this case, the impulse bandwidth of a measuring receiver is defined as the area of the

normalized linear selectivity function U(f), with 1/U,,, as the normalization factor:

1

Umax

Bimp =—— [T (1)f (E.9)

Measuring receivers with high-resolution digital frequency displays can be tuned in N steps of
Af'to measure the selectivity function U(f,). Measurements between the 60 dB points with 100
steps (N = 101) are usually sufficient for a correct bandwidth measurement. Analogous, a
swept receiver can be set up such that its start and stop frequencies coincide with the 60 dB
points of the filter curve and a sweep is taken to obtain the amplitude values. The test signal
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will be a CW signal to trace out the filter shape of the filter under investigation. In this case,
the impulse bandwidth can be measured and calculated using

1

N
Z[U(fn)w(fm)]x% (E.10)

max ;-1

Bimp =

Figure E.8 depicts an example of a normalized linear 1 MHz selectivity function.

1 MHz

MHz

-3 000

W
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Annex F
(normative)

Performance check of the exceptions from the definitions
of a click according to 4.2.3 of CISPR 14-1:2005

For the application of the exceptions given in CISPR 14-1, the disturbance analyzer shall
provide the following additional information (refer to Table F.1 for test details):

a) the number of clicks of duration equal to or less than 10 ms;

b) the number of clicks of duration greater than 10 ms but equal to or less than 20 ms;

c) the number of clicks of duration greater than 20 ms but equal to or less than\200.ms;

d) the duration of each registered disturbance the amplitude of whigc] : QP level

limit for continuous disturbance;

e) an indication that the appliance failed the test, if it is clea rbances

exceptions can be applied;

f) the time interval from the start of the test to the o
under e);

g) the total duration of disturbances other than ch ) vel limit of which exceeds the

limit for continuous disturbance;
h) the click rate. << :
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Table F.1 — Disturbance analyzer test signals 2 (1 of 5)

Test signal parameters

1

2 3 4 5
QP Amplitude of Duration of
impulses adjusted impulsesP
individually adjusted in the . Graphical presentation of
Test relative to QP intermediate Separation of the test signal measured
No. reference frequency output | impulses or | Eyajyation in the IF output and
indication of the of the perioarcity by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
receiver receiver ms indication of the
measurement receiver
dB ms
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
< 1
1 1 0,11 1 click N
<10 ms
< S\
N
/\\ N\
N
A ‘W | |l
<\ /(Z 6 M 500 ms
2 1 9,5 N Delick”
< <10 ms
Q \/ bk I m
/\ \/\\x 500 ms
3 1 103\ 1 click
>10 ms,
<20 ms
$ Pa
/ gl g N1 Pyl

500 ms
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Table F.1 (2 of 5)

Test signal parameters

1 2 3 4 5
QP Amplitude of Duration of
impulses adjusted impulsesP
individually adjusted in the . Graphical presentation of
Test relative to QP intermediate Separation of the test signal measured
No. reference frequency output | impulses or | Eyajyation in the IF output and
indication of the of the perioarcity by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
receiver receiver ms indication of the
measurement receiver
dB ms
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
< {
4 1 19 1 click N
>10 ms,
<20 ms< \
N
s\ ><
™ Pl Ly [ I
<\ 6 )\/ 500 ms
5 1 21 N Dotick”
< 520 ms
:: \/ || m ;1 \ ol
/\<</\\/x 500 ms
6 1 190 1 click
> >20 ms
S 7~ ™~
4
L1 1 e
7 5 5 210 210 150 IF
only once per
program cycle
or per
minimum -
observation L] ™
time: counted ,
as
1 click >20 ms
(See E2 and
Note 1 of this
table S K S ) P
’ 1
600 ms rule) S
OTHERWISE
Continuous disturbance (570 ms)
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Table F.1 (3 of 5)

Test signal parameters

1 2 3 4 5
QP Amplitude of Duration of
impulses adjusted impulsesP
|nd|V|duaIIy adjusted in the i Graphical presentation of
Test relative to QP intermediate Separation of the test signal measured
No. reference frequency output | impulses or | gysjyation in the IF output and
indication of the of the peETIoUICIty by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
receiver receiver ms indication of the
dB ms measurement receiver
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
N {
8 5 5 220 220 190 FAIL N
Continuous
disturbanc L
< 1s
9 5 5 190 190 A A
he final click
rafe is less than
(\ >
= e
\)\/ 2 clicks >20 ms i
(See E4 and i
Note 1 of this
table; \
refrigerator rule;
also see Note 2
of this table)
\\ 1 s
\ OTHERWISE IF
only once per program cycle or once during the
minimum observation time:
counted as 1 click >20 ms
(see E2 and Note 1 of this table)
OTHERWISE
Fail: continuous disturbance (570 ms)
10 5 5 50 50 185 IF
the final click
rate is less than
5:
e
2 clicks >20 ms ==

ta

ta

(See E4 and
Note 1 of this

Note 2 of this

ble; also see

ble)
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Table F.1 (4 of 5)

Test signal parameters

click amplitudes are too high.)

1 2 3 4 5
QP Amplitude of Duration of
impulses adjusted impulsesP
|nd|V|duaIIy adjusted in the i Graphica[ presentation of
Test relative to QP intermediate Separation of the test signal measured
No. reference frequency output | impulses or | Eyajyation in the IF output and
indication of the of the peETIoUICIty by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
receiver receiver ms indication of the
dB ms measurement receiver
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
OTHERWISE IF
le g during
nt&d as
of this\able, 2 x 285 ms
7\
11 20 20 15 5 <
290 % of the clicks < 10 ms
are PASS
re(g red,
we e E3, Note 1 and Note 3 of this table;
eparation
(\ B pweenea a measurement of the click amplitudes is not
h e is required.)
% 13
12 | 20 @ 15 -\ I\ Pllse 1+ |35 clicks < 10 ms
Pulse 2, .
< ?e;eated until |5 clicks > 10 ms, < 20 ms
40 clicks are | _ g9 9, of the clicks < 10 ms
registered,
where the (see E3, Note 1 and Note 3 of this table.
separation Lo .
between each |NO exception is applicable.
impulse is After application of upper quartile method
X\ 13 s the final result will be “FAIL” because the
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Table F.1 (5 of 5)

CISPR 14-1:2005, 4.2.3, contains the following exceptions:

e E1 - “Individual switching operations”
This exception can be evaluated only by the operator, not automatically by the disturbance analyzer. It is
mentioned here to avoid confusion with the numbering of the exceptions for users of both this standard and
CISPR 14-1.

e E2 — “Combination of clicks in a time frame less than 600 ms” (“600 ms rule”)

program-controled-apphances—a—coembinationefeheks—iratimeframetessthan-600-msiseaHewed-ence
per selected program cycle. For other appliances such a combination of clicks is allowed once during the
minimum observation time. This is also valid for thermostatically controlled three-phase switches, causing
three disturbances sequentially in each of the three phases and the neutral. The combination of clicks is
considered as one click.

e E3 - “Instantaneous switching”
Appliances which fulfil the following conditions:
— the click rate is not more than 5,
— none of the caused clicks has a duration longer than 20 ms, and
— 90 % of the caused clicks have a duration less than 10 ms,
shall be deemed to comply with the limits, independent of the amplitude<of thexcligks\[f-one ese

NOTE 1 The analyzer has to apply exceptign

NOTE 2 The check wave forms 11 and 12 ca in ca ception E3 can be applied, as the
following calculation shows:

e Including the click at “0” seconds for the ¢heck wavefor and 12, the required 40 clicks are counted
after 13 s x 39 = 507 s, i. i S 8,43 = 4,734 (less than 5 as required — here all

depends on whether 90
Therefore the check wavefor i 207dB over the limit) never can pass the upper quartile
check according to/CISP t no more than 25 % of the clicks are allowed to exceed
the click limit.

a Test signals used fo the
according to CIS

b The rise times.of the puls onger than 40 ps.

=



https://standardsiso.com/api/?name=9b04824683db2b73e3a31bd51abe6378

-74 - CISPR 16-1-1:2015 © IEC 2015

Test Evaluation by
No Test signal I the analyzer
L
|
1 0,11 m/1 dB | 1 click <10 ms
|
D 9,5 ms/1dB | 1 click<10 ms
|
B I 10,5 ms/1 dB 10 ms, <20)ms
1 I 19 ms/1 dB /\Q‘:"Q’O\m\sﬂzo ms
b5 I 21 ms/1 dB . 1cli 0ms
X \ \A>click >20 ms
d %0 " O
v 1 click <600 ms
y 210 ms/5 dB 210 ms/5 dB (\ I(DUT programme-controlled)
I
Continuous
B 220 ms/5 dB 220 ms/5 dB 5600 ms
\) ! 1 click <600 ms
190 ms/5 dB | (counted as 2 clicks
D I N refrigerator rule)
|
for N <5 - 2 clicks
| for N >5 - continuous, or
Ll R, 1 click <600 ms
- 18 for programme controlled DU
T
1 15ms/20 dB mm | 36 clicks <10 ms
I 13s 13s@\13s 13 s I 13s I 3s Irepeated up to 40 counted cllcks 4 clicks >10 ms, <20 ms
|
12 | 15ms&o dB PU'SSS/ ms/20 dB v | 35 clicks <10 ms
I 13 135 13 SI 13sfl 13s repeated up to 40 counted clicks I5 clicks >10 ms, <20 ms
| 1E
Figure F.1 — A graphical presentation of the test signals used for
the performance check of the analyzer with the additional requirements
according to Table F.1
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Annex G
(informative)

Rationale for the specifications of the APD measuring function

The specifications are based on the following definitions and considerations:

a)

Dynamic range of the amplitude

b)

d)

e)

The dynamic range of the amplitude is defined as the range necessary to obtain the APD.
The upper limit of the dynamic range shall be greater than the peak level of disturbance to
be measured and the lower limit shall be lower than the level of disturbance limit spécified
by the product committees.

specified as 1 MHz for the frequency range
therefore be greater than 10 million samples per

About 100 oc
minimum me@
assuming 2 min

less than®;25
of 60-dB.

Figures* G.1 and G.2 show block diagrams of implementations of the APD measurement
function.

An example of an APD measurement result is depicted in Figure G.3.
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Clock

Comparator No.1 Gate No.1

> D— Counter No.1

Pre-assigned
level No.1

}_‘

Y

Comparator No.2 Gate No.2

> D— Counter No.2

Pre-assigned
level No.2

}_‘

W

o00
N

Comparator No.n Gate No.n /\
\C}Sr/er oh
NAVAYA
C U

}_‘

Pre-assigne
level No.n

N__
IEC
Figure G.1 — Block ra A Dure ent circuit without A/D converter

\/
+1 increment
> 5
APD(i
Inp, RAM(0) N1

1
N\g}
BA/D\conv&rter

i

RAM(2V-1)

address

IEC

Figure G.2 - Block diagram of APD measurement circuit with A/D converter
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Figure G.3 — Example of display,

*
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Annex H
(informative)

Characteristics of a quasi-peak measuring receiver

Table H.1 provides specifications of a quasi-peak measuring receiver. These specifications
describe the overall characteristics of such an instrument and do not describe the
specification of individual components and subassemblies of the instrument. The responses to
ufses as specifiedim 44 are catcutated o the basis of themeasuring Teceivers raving the
following fundamental characteristics.

Table H.1 — Characteristics of quasi-peak measuring rectf\kx\

Frequency bap« N (\
Characteristics Band A Band B an\ds\c‘j}d D
9 kHz to 150 kHz 0,15 MHz}n\"\ \3{) MHz to,000 MHz
\/120

Bandwidth at the —6 dB points,

0 MHz
. 0,20 9 \
Bg in kHz /\ \
Detector e_IectricaI charge time 45 \ \ \/ 1
constant, in ms
Detector electrical discharge time \/
constant, in ms 500 (\ /\16 550
cal . X 3
Mechanical time constant of critically
T ) 1 16 100
damped indicating instrument, in ms

Overload factor of circuits preceding

h 24 30 43,5
the detector, in dB ~
Overload factor of the d.c. amplifier Q
between detector and indicati /\6 12 6
instrument, in dB A 8\/

NOTE 1 The definition ofl me i i stant (see 3.8) assumes that the indicating instrument is linear,

i.e. equal incrementS\of
different relation B g
requirements of this sub

circuit.

an be used provided that the instrument satisfies the
trument, the mechanical time-constant can be simulated by a

NOTE 2 No tolerange i

specific receivm termined)by

e design to meet the requirements in 4.4.
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Annex |
(informative)

Example of EMI receiver and swept spectrum analyzer architecture

This annex provides a brief description of the main differences between “EMI receivers” and
“swept spectrum analyzers”, as far as this standard is concerned. Figure I.1 illustrates an
example of the architecture of both types of instruments. The parts shaded in grey are
typicatty imptemmented— i testimstrumentationm toachieve tomptance withspecificationstatted
out in this standard.

NOTE Additional background information is currently in preparation for CISPR 16-3.

QLO speaker
+>

Detectors

Attenuator Preselection Preamplifier Mixer

Quasi-peak/
RF —> - m# D(\ | average

W
@Q&§>— wl

Sweep Display

generator
IEC

Example\blotk diagram of EMI receiver consisting of swept spectrum
preselector, preamplifier and quasi-peak/average detector

a) Sweptspectrum analyzers are scanning instruments, which tune their local oscillator (LO)
frequency continuously to cover the selected frequency range of interest. Some EMI
receivers perform a stepped sweep, i.e. the instrument is tuned to fixed frequencies, in
defined frequency step sizes, to cover the frequency range of interest. The amplitude at
each tuning frequency is measured and retained for further processing or display.

b) Most swept spectrum analyzers do not have preselection (i.e. filtering at the input) built
into the instrument before the first frequency conversion stage. This usually results in an
inadequate dynamic range for measurements of low repetition frequency pulses with
quasi-peak detection and thus may lead to erroneous measurement results under these
circumstances.

c) Swept spectrum analyzers with preselection are commercially available. This type of
instruments may meet all requirements called out in this standard and, in case of full
compliance with this standard, can be used without any restrictions to perform emission
measurements in accordance with CISPR 16-2 series.
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The specifications applicable to spectrum analyzers without preselection in regard to
quasi-peak detection are less stringent and their use is conditional on the signals to be
measured.

Spectrum analyzers may not have a built-in preamplifier. EMI receivers tend to have a
preamplifier built in after the preselection stage.

The frequency selectivity criteria, defined in 4.5, may not be met by swept spectrum
analyzers. Typically swept spectrum analyzers use Gaussian shaped filters that may not
meet these requirements. This standard requires swept spectrum analyzers to meet the

statad enacifications in 4 5
Sttt a—-SPeecHeatHoRS+H—4a-o-

Swept spectrum analyzers may not have a quasi-peak detector built in. This standard
requires spectrum analyzers to meet the stated specifications in 4.4 for quasi-p€ak
detection. However, the documented requirements for pulse repetitionArequencies-are not
applicable to swept spectrum analyzers without preselection.

Swept spectrum analyzers may not have the proper response
and drifting narrowband disturbances as described in 6.5.4
spectrum analyzers to meet the stated specifications in 6.5.4

*
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Annex J
(normative)

Requirements when using an external
preamplifier with a measuring receiver

J.1 General

Using an external preamplifier at the input of a measuring receiver shall be considered
carefully as, while it improves system sensitivity, it may invalidate the system’s compliance
with the overload requirements of this standard. Further, an externa eamplifier *may

determine the limitations of the system and shall apply lineari RS est system,
Automated measurement results with external preamplifi S verified using a final
manual linearity check. The information given in this anr id idapCe for the user of]
emission measurement systems.

J.2 Considerations for optim

Internally, measuring receivers are desi mum sensitivity while avoiding
overload. Built-in preselection in the meas avoids overload by impulsive signals.
In spite of preselection, m [
measurements of a single
measuring receivers ¢
PRF.

The use of an@
possible measure§ f

measuring receiver?

recommengead.

From experences_external preamplifiers are not needed for radiated disturbance
measurements to Class B limits of CISPR 11, CISPR 22 [13] and CISPR 32 [15], either at 3 m
or at 10vn measurement distance, when measuring receivers with built-in preamplifiers
including preselection and low-loss antenna cables are used. The same situation applies for

radiated disturbance measurements to CISPR 14-1, CISPR 15 [1], and the generic emission
standards as well as for disturbance power measurements

External preamplifiers are not recommended for conducted disturbance measurements below
30 MHz; their use may cause harmonics in the presence of high-level disturbance at
frequencies below 150 kHz, where many emission standards do not specify disturbance limits.

If an external preamplifier is added for improved sensitivity, the following needs to be
considered:

a) preamplifiers have a wide bandwidth, i.e. they are susceptible to overload by impulsive
signals and high level narrowband signals;
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preamplifiers may produce intermodulation products and harmonics; this is especially
important when measurements are made on an OATS and/or in the presence of radio
transmission equipment;

preamplifiers increase the signal level at the receiver input and thus may overload the
receiver input stages, a condition which cannot be avoided entirely by the receiver’s built-
in preselection;

the gain in sensitivity will be less than the gain in signal level, thus limiting the dynamic
range of the preamplifier/receiver combination;

NOTE T The gan in sensitivity Is understood as the diiference between the noise figure without preampliien
and the system noise figure with preamplifier.

for maximum sensitivity in the frequency range above 1 GHz, the preamplifier” is
mounted/connected directly to the measurement antenna;

use of an external preamplifier requires that an accurate
characterization be accounted for in the measurement result;

for CISPR Band E, a system consisting of a
receiver shall be designed such that it cannof ke
bands, and/or by any signal whos
e.g. the ISM signal of a microwave

F = e and,
kT, B

for an ampli@

(J.1)

(J.2)

where

F is

P, is the~egquivaleqt

P, is the noise.output power;

o is palculated from the gain, G = 10 Igg, respectively g = 106/10 ;

e is;Boltzmann’s constant = 1,38 x 10723 Ws/K and kT, = 4 x 10721 W/Hz;
Tg is the absolute reference room temperature (293 K);

B 5 the noise bandwidth (e.g. of the measuring Teceiver).
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Preamplifier Receiver
Fi, g1 Fy
(23] ac2
— D

IEC

Figure J.1 — Receiver with preamplifier

In Figure J.1, assuming that the cable attenuation a_, = 0 dB, then

101g Fioy = agy +10Ig(F1+F2_1j (J.3)
&1

where F,; is the noise factor of the system at the input cakl

If a., # 0 dB, then the preamplifier gain factor g4

10(81 - 2,010, Cable attenuation a4y = 0 dB is aghj
preamplifier directly to the antenna. If B
system noise figure as shown by Equé 3

and/or connecting the
tenuation a4 adds to the

noise factor of F; = 2. Receivers with
8 dB, corresponding to a majse fa

factor F, = 31,6.

NOTE 2 The noise@

10 1gF, = Vi,
Where
VNay IS thestecejver noj
By ist i
nay IS the nofse-weighting factor for linear average detection, in dB.
EXAMPLE  If Fy,, = —1077 dB(nV), By = 85 kHz (for By = 120 kHz), and wy,, = -1dB, then the noise figure
10 IgF, = 87dB.

The quantity wy,, is the difference between the indications of the linear average detector and
the “r.m.s. detector for Gaussian noise [21]; values for quasi-peak detection WNgp are
pproximately 4 dB for Band B_and 6 dB for Bands C/D: for peak detection Wit is up t

12 dB, depending on measurement time.

The noise bandwidth By is close to the 3 dB bandwidth B; of the measuring receiver. A rough
approximation is given by By = 1,1B;. See [21] for details about specific filter
implementations.

Considering a given preamplifier noise figure of 3 dB, it will be acceptable to achieve a
system noise figure 10 IgF;,; = 4 dB, corresponding to a noise factor of 2,51. This requires
that (F2— 1)/g1 = 0,51, or £1 = (F2—1 )/0,51

e For receivers with a built-in preamplifier, the resulting gain is g4 = 10,39, or G4 = 10,2 dB.
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e For receivers without a built-in preamplifier, the resulting gain is g, = 60, or G, = 17,8 dB.

For a receiver without a built-in preamplifier, as described above, an external preamplifier with
a noise figure of 3 dB and a gain of 10 dB will give a system noise figure of 7 dB.

From the preceding examples, it can be seen that an improvement in sensitivity of 4 dB
requires a signal gain of around 10 dB for a receiver with a built-in preamplifier. For a receiver
without a built-in preamplifier, an improvement in sensitivity of 11 dB requires a signal gain of
almost 18 dB, and an improvement of 8 dB requires a signal gain of 10 dB. It is evident that a
System noise figure of 3,5 dB cannot easily be achieved with a preampliiier noise figure of
3 dB, because an excessive preamplifier gain would be necessary. Refer to Table J.1 for
example noise figures.

Because it will severely limit the system’s linearity performance, it i
preamplifiers with a gain of 30 dB or more.

Table J.1 — Examples of preamplifier and
receiver data and resulting system noi

Preamplifier \MQSM'{ \e\\%r > System

Noise factor | Noise figure Gain factor Gain N0|se\f~{\r\ Noﬁ\e figure Noise figure
F, 10 IgF, < 6, \| /K 10 1gF, 10 IgF,,,
% BNV L) b %
2 3 104 N| N2 ([ N3 |7 8 4

2 3 10 N \Q 6" 15 7
2 3 60 ( 7.8 S31,6 15 4

J.3  Linearity spe

[The dynamic r

compression point,
signal should idega
time.

defined by the 1 dB compression point, 3 dB
To avoid distortion caused by the input signal, the

Figure J(3)shows that the sinusoidal signal is distorted in time domain, which is due to the
nonlinear effects of the preamplifier. The frequency domain display shows that the level is
decteased at 100 MHz, and that further harmonics exist. A corresponding simulation for a
bteadband pulse is shown in Figure J.4.
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Comparing Figures J.3 and J.4, it can be seen that the saturation level in the time domain is
exactly the same. However in the frequency domain the effects of saturation of the external
preamplifier are different. For the impulsive signal, the amplitude level is decreased,
invalidating the measurement result. For sinusoidal signals, the amplitude of the fundamental
is decreased, while further harmonics are generated by the nonlinear effect of the external
preamplifier; the measurement result is also invalidated.

The performance of the system, i.e. system noise level and overload capability, will depend
on the characteristics of both the preamplifier and the measuring receiver. For narrowband
signals, generally the 1 dB compression point of the preamplifier output exceeds the 1 dB
compression point of the measuring receiver input. Preselection of the measuring receiver will
improve system linearity for the measurement of broadband impulsive signals. Therefore'~two
types of systems are taken into consideration: systems with, and without,/preselectionyat the
measuring receiver input.

figure, the 1 dB compression point of\the prea e plete system, consisting of
preamplifier and measuring receiver, . For CISPR Bands C/D, the
relationship between the 1 dB compre ne wave signals and the peak value of
the broadband CISPR pulse S|gnal wit
85 dB [F},, = 20 1g(2 000/ . ) g show the deviations from linearity of a
preamplifier with a 1 dB i 12\dB(uV), for an unmodulated sine wave and
impulsive signals.

ww deviation from linearity B
Q .
, \\
; ~
2,00 \ \\
\ A

N

-4,00

-4,50 \\
-5,00

100 102 104 106 108 110 112 114 116 118 120
Input level / dB  (uV)

Dgviation/ d

IEC

Figure J.5 — Deviation from linear gain for an unmodulated sine wave (example)
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ciulation products. This effect
h depth of greater than 40 dB (band-

amplifier nonlinearity is masked by the a
can be demonstrated using a band-stop

stop filter as specified in 4.6) at the {npu plifier. For an acceptable operation
(error contribution less th he notch depth shall remain at least
20 dB during the intermedulation te e/of 20 dB is obtained with quasi-peak
measurements at a PR Hz is a compromise

Ideally the 20 d
This is shown in p

depth is retained as
peak level of th

exvel of the input signal is less than 37 dB(uV), and the
g than 46 dB(unV) (blue curve). For a PRF of 100 Hz, a

peak level of B ponds to a quasi-peak level of 25 dB(uV). Thus while the 1 dB
compression\point{o e broadband impulsive signal in Figure J.6 “positive pulse” looks like
being at k, the preamplifier is already overloaded. The input signal
should dB lower, i.e. at 25 dB(uV) quasi-peak, to avoid excessive

In Figure.J/6 the “positive pulse” also shows that a simple overload test with a switchable
10 dB _aftenuator at the preamplifier input may not properly indicate the overload in case of
impulsive signals, because the output level can still follow the input level, while the
preamplifier input signal is up to 20 dB above the 1 dB compression point. The simple test

ay work for sine wave signals. A better characterization of the system with respect to
impulsive signals is obtained using the band-stop filter intermodulation test. If the band-stop
filter intermodulation test is not available, the 1 dB compression point of the preamplifier,
referred to its input, should be used to characterize the system.

NOTE The band-stop filter intermodulation test is intended to characterize the system, e.g. done by the system
provider. It would be impractical to use a band-stop filter test in each EMC test lab during an emission test.

Note that during the band-stop filter intermodulation test, it shall be assured that the
measuring receiver used as an indicator at the output of the preamplifier is not overloaded.
Figure J.8 shows that the notch depth result from a CISPR intermodulation test of a
measuring receiver with preselection still exceeds 30 dB with an input signal (quasi peak) of
55 dB(unV), which corresponds to an input level (quasi peak) of 45 dB(uV) to a 10 dB
preamplifier. Using a measuring receiver with built-in broadband preamplifer may not show
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the linearity of the external preamplifier correctly, due to overload of the measuring receiver,
as shown in Figure J.9 and J.10, whereas with preselection the output will be linear.

RBAW 120 kHz Marker 1 [I2 ]
MT 1s 19.16 dBuv
Att 5 cB PREAMP OFF 824.300000000 MHz
avr | 100 1 GHz
o0
1 B
VIR |
2 =
vIEs |
e Lo
[0}
S \
aE
40" \\ ///:—w__—f\ Dc
30 W < \
20 ‘\‘\w'l\l“ <\ A
10 \\
O /\ \
636 MHz

Figure J.7 — Screenshot of a band-stopi

t for\a preamplifier at around 818 MHz

)\/ 1 GHz

BN

//‘

9 7/ )
S \J

Figure J.8 — Band-stop filter test result with the measuring receiver at 818 MHz
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NOTE A 15 dB attenuator between external preamplifier and receiver was used to avoid overload of the receiver
without preselection; however the receiver’s noise level then hides the notch.

Figure J.10 — Band-stop filter test results for the same 10 dB preamplifier but with the
receiver of Figure J.9 with preselection (black) and without preselection (green)

When an external broadband preamplifier is used with a measuring receiver, the user cannot
expect proper weighting of broadband impulsive signals by such a measuring system using
average, rms-average and quasi-peak detection at low pulse repetition frequencies.
Therefore, the user shall determine the operating range between noise level and the 1 dB
compression point for broadband impulsive signals for the peak detector of the measurement
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system. This determination allows a prediction of the lowest PRF for proper weighting of
broadband impulsive signals using each individual detector.

Figure J.11 shows the weighting functions of the detectors specified in CISPR 16-1-1 for
CISPR Bands C/D, and an example ‘Noise’ line to illustrate the operating range between
noise level and 1 dB compression point. In the example, the peak detector noise level is
15 dB below the 1 dB compression point. For the quasi-peak detector, the noise level is
approximately 5 dB lower, i.e. the operating range is approximately 5 dB wider. For the rms-
average and average detectors, the noise level is approximately 10 dB lower, which increases
the operating range to about 25 dB In the example.

[To draw the noise line shown in Figure J.11, the peak level V, is used from the band-sStop
filter test in Figure J.7 and the average detector noise level V,, determined\JThe difference
Vy — VNay Marks the crossing of the “Noise” line with the “Averagg”

p
preamplifier above, V,= 37 dB(nV), Vyay= —14 dB(uV) for a noise figure - VNau
= 51 dB. The noise line in Figure J.11 is drawn from an example w
Weighting Weighting functions with noise levels
factor/dB (for Bands C and D) <\\\
0 P —
‘ ‘ HH 1 TN >-<’E NN m— Average
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Figure J.11
illustrate.the re

ighting functions of the various CISPR detectors with a noise curve to
ining operating ranges for broadband impulsive signals (example)

From-Figure J.11, the critical PRF can be seen at which the impulsive signal level, with peak
level at the 1 dB compression point, is equal to the noise level. However for an accurate|
meéasurement, the signal level needs to be approximately 6 dB above the noise level (the
actual value depends on the PRF). As a consequence, in this example quasi-peak
measurements can be carried out above a PRF of about 60 Hz. For the rms-average and
average detectors, the critical PRFs are near 1 kHz and 10 kHz, respectively. For practical
measurements, a linearity check is recommended using the weighting factor at the critical
PRF. For this example, the linearity check is as follows:

a) For the quasi-peak measurement: the critical PRF of 60 Hz is exceeded if the difference
between peak and quasi-peak values is less than 15 dB.

b) For the rms-average and average measurements: the critical PRFs of 1 kHz and 10 kHz
are exceeded if the difference between peak and rms-average or average detector results
are less than 20 dB.
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However, if the measurements are made close to the noise level, the differences might be
reduced by the noise level, which will give the impression of PRFs higher than actual.

J.4 Detecting the overload of an external preamplifier in a wideband FFT
based measuring system

Detecting whether the preamplifier is in the linear range during the measurement can be
performed for sinusoidal as well as impulsive signals, by taking the maximum of the
preamplifier output signal then comparing It with a given threshold level corresponding 10 the
1 dB compression point. The maximum (positive) and minimum (negative) voltage of the
signal in the time domain shall be sampled continuously during the measurement time/and
compared to that threshold level. The 1 dB compression point is defined~for a sifusoidal
signal yielding an output 1 dB lower than expected, as shown in Figure J.\!

During a measurement, a measuring apparatus that digitizes the of the
external preamplifier can be used to detect whether an oversrange For the
preceding example, a threshold level of a normalized value in<Figure about 900
would be appropriate to avoid nonlinear effects. The thre o Identified by

the system manufacturer depending on the application. xample, the\measurement of
harmonics of intentional radiators requires a better i 3r thréshold) than the
itizes the input signal
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Annex K
(normative)

Calibration requirements for measuring receivers

K.1 General

Wihaon o foprntin oy ANl oo v A mta 1 1o oo fiol ta o maaooiirian Aol iiea ot th ot ata
vV TTCTT PO g v ReastremetS—1t1S—eSSentar—to—usSe moasuri Ty CYquTpTTeTtT orat FREeets

the specifications called out in this standard such that the expected measurement
instrumentation uncertainty for conducted and radiated disturbance measurements as well.as|
disturbance power measurements can be achieved. In addition, the—results of. these
measurements shall be traceable (see 3.17) to national or internationally (accepted_standards.
These requirements can be met by selecting measuring equipment that’i
The calibration requirements described in this annex are only icable_to\the test

equipment as well as the purchase of accredited (af
calibration services. A clear understanding of the —ealibrationgreguitements related to

in the purchasing process and to review the obtain gepvice eipt of the equipment
back from the calibration laboratory, before [
laboratory.

K.2 Calibration and verificatio

standard. Applied fo the measuring I
of various step i
through measure S ifi

that was calibrated, B

the instrum eet the manufacturer’s specifications. The goal of the instrument
i$ the determination of compliance of a measuring receiver under
calibrationiwith its published specifications in a traceable manner (see 3.17).

‘Verification” should not be confused with “intermediate checks” (also called confidence
checks); the latter consists of a set of operations aimed at providing evidence of the proper
functioning of a test instrument. An intermediate check of a measuring receiver can differ
considerably from the calibration process because the purpose of these two activities is
entirely different.

K.3 Calibration and verification specifics

Calibration of a measuring receiver requires a specific process that defines the various
measurements to determine if the receiver meets its specifications. In general, this calibration
process has also been used by the receiver manufacturer to establish the receiver
specifications. Therefore, only the manufacturer’s calibration process or verification process
in accordance with this standard shall be applied by a calibration laboratory or test laboratory
performing its own calibrations to determine whether the receiver meets its specifications at
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the time of calibration or the requirements called out in this standard. This requirement
applies to measuring receivers only.

If a process different from the manufacturer’s calibration process or verification process in
accordance with this standard is used, it shall be verifiably validated and it shall be stated in
the calibration certificate that the process used deviates from the calibration process defined
by the manufacturer. For ancillary equipment such as AMNs, AANs, absorbing clamps and
antennas, the calibration procedures documented in other relevant parts of CISPR 16 shall be
applied.

The calibration process for measuring receivers also defines the following essential
parameters that shall be used for proper calibration:

a) the specific set-up of the receiver under calibration for each
calibration process (e.g. in the case of an EMI receiver or spec
frequency, attenuator setting, resolution bandwidth setting, and
measurement to be performed);

peasureent in the
m analzer he tuning

parameters to be completed.
result for a calibration parameter

measurements 0]
laboratory or t e ing its own calibrations (also called internal
calibrations) should er’s calibration process for a specific measuring
receiver. If an alig
in the calibration ificatect isprocess deviates from the calibration process defined by

This standard-spesifigs measuring receiver requirements using a “black box” approach. This|
means that(the instrument shall show a specific response when a defined signal is applied to|
its input¥ Therefore, the demonstration of compliance of measuring receivers with
specifications defined in this standard can be provided through the manufacturer’s calibration
process or the procedures and measuring equipment defined in this standard.

In case compliance of a measuring receiver is determined with the specifications in this
standard, the following minimum set of parameters shown in Table K.1 shall be included in the
verification process.
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Table K.1 — Verification parameter summary

Parameter Subclause in CISPR 16-1-1 Suggested Frequencies
VSWR to be determined for 0 dB and > 10
dB input attenuation at the following tuning
VSWR 42,52,62,72 frequencies: 100 kHz, 15 MHz, 475 MHz
and 8,5 GHz

Verification at the following tuning
Sine wave voltage 43,54, 64,74 frequencies: start frequency, stop

accuracy freqguency and centre freguencyvy of CISPR
7 el J ha 7

Bands A/B/C and D/E

Verification at the following tuning

frequencies: start frequency, stop
Response to pulses 4.4,5.5,6.5,7.5 frequency and centye frequency of 'CISPR
Bands A/B/C an E

Verification followinyg, tumi
Selectivity 4.5,5.6,6.6,7.6 frequencies¢ ceRtra freqiiency of PR
Bands 5@/ n /

ctions. Specifics
e stated tolerances.

It is to be noted that the requirements ca t 3 rd constitute a subset of all the
specifications the receiver manufactd S. ddition,”some requirements in this
standard may be stated in a way that d facturer’s specifications (e.g. CW

frequency accuracy in this standard vepsus a comt an of absolute amplitude accuracy at a

provided through the ma cali ian process, due to differences in the form of the
stated specifications, ificati
laboratory in adgi
process.

to perform measurements. Care shall be taken when specifying such a partial or limited
calibration service ause the calibration of the identified functions may require calibration of
other functions as a prerequisite. Such dependencies shall be determined by the test
laboratery” or the calibration laboratory through a review of the manufacturer’s calibration
procedure. If the test laboratory does not have access to the manufacturer’s calibration
procedure, this review shall be requested from the calibration laboratory as part of the

Ll i + |
AT atuIiT STT VILT PJUTUITAST .

-

K.6 Determination of compliance of a measuring receiver with applicable
specifications

Compliance of a measuring receiver with the specifications of the manufacturer or with the
tolerances specified in CISPR standards requires that measurement results reported in
calibration certificates are below an upper limit, or above a lower limit, or between an upper
and lower limit. The uncertainty of the calibration or verification measurement has a direct
impact on the pass/fail determination. Therefore, the measurement uncertainty shall be taken
into account when determining compliance of a measuring receiver with its stated
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specifications. The application of measurement uncertainty to a measurement result can lead
to one of the four cases described as follows and depicted in Figure K.1:

a) the measurement result is within the specified limit range by a margin larger than the
expanded uncertainty value applicable to the calibration measurement;

b) the measurement result is within the specified limit range by a margin less than the
expanded uncertainty value applicable to the calibration measurement;

c) the measurement result is outside of the specified limit range by a margin less than the
expanded uncertainty value applicable to the calibration measurement; or

d) the measurement result is outside of the specified limit range by a margin larger than the
expanded uncertainty value applicable to the calibration measurement, and. the

specification is not met.

Upper limit

Expanded
uncertainty range

HO
.|
),

Lower limit

IEC

n process with application
ncertainty

3 not met.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE
COMITE INTERNATIONAL SPECIAL DES PERTURBATIONS RADIOELECTRIQUES

SPECIFICATION DES METHODE§ ET DES APPAREILS DE MESURE
— DES PERTURBATIONS RADIOELECTRIQUES ET DE L' TMMUNITE
AUX PERTURBATIONS RADIOELECTRIQUES -

Appareils de mesure

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est unelorganhisati
composée de I'ensemble des comités électrotechniques nationau

2) Les décisions ou accords officiels de I'lEC conc

I'éventuelle mau
4) Dans le but d en

fournlssent dJes se€ 'éva j ité et, dans certains secteurs, accédent aux marques de
confor ! eSponsable d'aucun des services effectués par les organismes de certification
indépé

6) Tous les utilisatewrs doivent’s'assurer qu'ils sont en possession de la derniére édition de cette publication.

7) Aucune respomsabilité >ne doit étre imputée a I'l[EC, a ses administrateurs, employés, auxiliaires ou
mandataires; y compris ses experts particuliers et les membres de ses comités d'études et des Comités]
nationalx'\de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre]
dommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais|
detjustice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou de|
teute autre Publication de I'lEC, ou au crédit qui lui est accordé.

8) ~L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publications|
référencées est obligatoire pour une application correcte de la présente publication.

La Norme internationale CISPR 16-1-1 a été établie par le sous-comité A du CISPR: Mesures
des perturbations radioélectriques et méthodes statistiques.

Cette quatriéme édition annule et remplace la troisiéme édition parue en 2010, 'Amendement
1:2010 et I'Amendement 2:2014. Cette édition constitue une révision technique.

La modification technique majeure suivante par rapport a I'édition précédente porte sur I'ajout
d'une nouvelle Annexe normative relative aux exigences d'étalonnage des récepteurs de
mesure.
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Elle a le statut de publication fondamentale en CEM en accord avec le Guide 107 de I'lEC,
Compatibilité électromagnétique — Guide pour la rédaction des publications sur la
compatibilité électromagnétique.

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
CISPR/A/1118/FDIS CISPR/A/1135/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Une liste de toutes les parties de la série CISPR 16, p
Spécifications des méthodes et des appareils de mesure des p
de I'immunité aux perturbations radioélectriques, peut étre

e reconduite,
e supprimée,
e remplacée par une édition révisée,

e amendée.

Le contenu de la feui

d’'interpré
considération dans cet/e i

Ire.

IMPORTANT - cWide" qui se trouve sur la page de couverture de
cette publicati indique™qu'eHe’contient des couleurs qui sont considérées comme
utiles a une b réhension de son contenu. Les utilisateurs devraient, par
ublication en utilisant une imprimante couleur.
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INTRODUCTION

La série CISPR 16, publiée sous le titre général Spécifications des méthodes et des appareils
de mesure des perturbations radioélectriques et de [I'immunité aux perturbations
radioélectriques comprend les normes et les rapports suivants:

e CISPR 16-1 — six parties traitant des spécifications des appareils de mesure;

e CISPR 16-2 — cinq parties traitant des méthodes de mesure;

e CISPR 16-3 — une seule publication contenant différents rapports techniques (TR)
avec des informations sur le contexte de la CISPR et sur les perturbations
radioélectriques en général;

e CISPR 16-4 - cinq parties traitant des incertitudes, des statistiques 'et-de Ia
modélisation des limites.

La CISPR 16-1 est constituée des cing parties suivantes, publié itre général
Spécifications des méthodes et des appareils de mesure des portt bations xadioélestriques et

— Partie 1-1: Appareils de mesure

Partie 1-2: Matériels auxiliaires — Perturbations
acements d'essai de référence

La Commission Electrtecmq Internat EFC) attire I'attention sur le fait qu'il est
déclaré que la conforij itiohs du présent document peut impliquer

I'utilisation d'un bpevet\intére ;. t Ie €
efficace (brevet @0 c

L'IEC ne prend pa Qn gquant aya preuve, a la validité et a la portée de ces droits de
propriété.

droits de propfieté eshenregistrée a I'lEC. Des informations peuvent étre demandées a:

Rohde & Schwarz GmbH & Co. KG
Muehldorfstrasse 15

81671 Muenchen

Allemagne

L'attention est d'autre part attirée sur le fait que certains des éléments du présent document
peuvent faire I'objet de droits de propriété autres que ceux qui ont été mentionnés ci-dessus.
L'IEC ne saurait étre tenue pour responsable de l'identification de ces droits de propriété en
tout ou partie.

L'ISO (www.iso.org/patents) et I''EC (http://patents.iec.ch) maintiennent des bases de
données, consultables en ligne, des droits de propriété pertinents a leurs normes. Les
utilisateurs sont encouragés a consulter ces bases de données pour obtenir l'information la
plus récente concernant les droits de propriété.
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SPECIFICATION DES METHODE§ ET DES APPAREILS DE MESURE
DES PERTURBATIONS RADIOELECTRIQUES ET DE L'IMMUNITE
AUX PERTURBATIONS RADIOELECTRIQUES -

Partie 1-1: Appareils de mesure des perturbations radioélectriques
et de 'immunité aux perturbations radioélectriques —
Appareils de mesure

1 Domaine d’application

18 GHz. Des exigences pour les appareils spécialisés de
continues sont également spécifiées.

document de référence s’applique (y compris les éventuels

amendements):

CISPR 1142015, Appareils industriels, scientifiques et médicaux — Caractéristiques de
perturbations radioélectriques — Limites et méthodes de mesure

ISPR-4+4=12665; Cumpaﬁbii’ifé é/cbflumayuéffquc = E)u'ycllbca pour tes appdlcfl'a
électrodomestiques, outillages électriques et appareils analogues — Partie 1: Emission
CISPR 14-1:2005/AMD1:2008
CISPR 14-1:2005/AMD2:2011

CISPR 16-2-1:2014, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 2-1:
Méthodes de mesure des perturbations et de I'immunité — Mesures des perturbations
conduites
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CISPR 16-2-2:2010, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 2-2:
Méthodes de mesure des perturbations et de l'immunité — Mesure de la puissance
perturbatrice

CISPR 16-2-3:2010, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 2-3:
Méthodes de mesure des perturbations et de I'immunité — Mesures des perturbations
nynnnppc

CISPR 16-2-3:2010/AMD1:2010

CISPR 16-2-3:2010/AMD2:2014

CISPR TR 16-3:2010, Specification for radio disturbance and immunity me
and methods — Part 3: CISPR technical reports (disponible en anglais
CISPR TR 16-3:2010/AMD1:2012
CISPR TR 16-3:2010/AMD2:2015

q apparatus

IEC 60050-161:1990, Vocabulaire Electrotechnique Internatic
Compatibilité électromagnétique
IEC 60050-161:1990/AMD1:1997
IEC 60050-161:1990/AMD2:1998
IEC 60050-161:1990/AMD3:2014
IEC 60050-161:1990/AMD4:2014
IEC 60050-161:1990/AMD5:2015

3 Termes et définitions

I léfinitions donnés dans I''EC 60050-161,

gfobale du récepteur entre deux points situés a un
de la réponse en milieu de bande

At exprimé en dB.

plage spécifiéepar le fabricant, donnant les indications maximale et minimale de I'appareil de
mesure, dans laquelté le récepteur de mesure satisfait aux exigences de la présente partie de

la CISPR 16
3,3

n n m a la char 3 ri
Tc

durée nécessaire, aprés l'application instantanée d'une tension sinusoidale constante a
I'étage précédant immédiatement I'entrée du détecteur, pour que la tension de sortie du
détecteur atteigne 63 % de sa valeur finale

Note 1 a I'article: Cette constante de temps est déterminée de la fagon suivante: un signal sinusoidal, d'amplitude
constante et dont la fréquence est égale a la fréquence centrale de I'amplificateur a fréquence intermédiaire, est
appliqué a l'entrée de I'étage précédant immédiatement le détecteur. L'indication D, d'un instrument sans inertie
(par exemple, un oscilloscope) branché a une borne du circuit amplificateur a courant continu de fagon a ne pas
affecter le comportement du détecteur, est notée.

Le niveau du signal est choisi de telle fagon que la réponse des étages concernés reste dans la plage de
fonctionnement linéaire. Un train de signaux sinusoidaux de méme niveau est ensuite appliqué, dont I'enveloppe
est rectangulaire et dont la durée est limitée de sorte que l'indication correspondante soit de 0,63 D. La durée de
ce signal est égale au temps de charge du détecteur.
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3.4

constante de temps a la décharge électrique

Tp

durée nécessaire, aprés la coupure instantanée d'une tension sinusoidale constante
appliquée a I'étage précédant immédiatement I'entrée du détecteur, pour que l'indication a la
sortie du détecteur tombe a 37 % de sa valeur initiale

Note 1 a l'article: La méthode de mesure est analogue a celle de la constante de temps a la charge, mais au lieu
d'appliquer un signal pendant une durée limitée, le signal est interrompu pendant une durée définie. Le temps
acessaire paur que la déviation tombe 2 0 37 D est |a constante de temps ala décharge du détecteur

3.5
aire de I'impulsion
A4

aire englobée par la tension en fonction du temps d'une impulsion, défi

imp

Aimp = [ V(001 (1)

—00

Note 1 a l'article: L'aire de l'impulsion, parfois appelée "tenue aux o
ou dB(uVs).

'exprirqe en général en uVs

Note 2 a I'article: La densité spectrale (D) est liée ep s'exprime en pV/MHZ

T, la relation D (uV/MHz) =

ou dB(nV/MHz). Pour les impulsions rectangulaires de large 2
V2 x 108 Aimp (HVs) s'applique.
3.6
bande passante en impulsion
Bimp
5 A)ma
imp = 26 % A (2)
0 * 4imp

w O

‘enveloppg a la sortie en fréquence intermédiaire du récepteur
R putsieh Aimp est appliquée a I'entrée du récepteur;

G, a la fréquence centrale.
En particulie deuxtransformateurs accordés a couplage critique,
Blmp = 1,05 B6 =1 1B3 (3)

ol Bg.et B3 sont respectivement les largeurs de bandes aux points —6 dB et -3 dB

Note 1 a l'article:  Voir A.2 pour plus d'informations.

3.7

récepteur de mesure

appareil de mesure, par exemple un voltmeétre accordable, un récepteur de perturbation
électromagnétique (EMI), un analyseur de spectre ou un appareil de mesure a FFT avec ou
sans présélection qui satisfait aux exigences des parties applicables de la présente norme

Note 1 a I'article: Voir ’Annexe | pour plus d’informations.
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3.8
constante de temps mécanique d'un appareil indicateur réglé a I'amortissement critique
Ty
L
M= — 4
M=o (4)

ou 7| est la période d'oscillation libre de I'instrument en I'absence d'amortissement

ote 1 a l"article:  Pour un instrument regle a "amortissement critique, I'equation de mouvement du systeme peuf
étre écrite de la fagon suivante:

2
2| d°c da
Tl — |+ 2Ty —+a =ki 5
M~ 2 M~ i (5)

ou

[24 est la déviation;
i est le courant traversant l'instrument; et

k est une constante.

a) la période d'oscillation libre ayant été réglé

b) lorsque la période de Ioscnla on ne peut pas ét

3.9
réserve de Iiné
rapport du niveatngo
(ou d'un groupe dg

I'appareil indicat

ension symétrig
ension de perturbation radioélectrique apparaissant entre les deux fils dans un circuif
bifilairej tel qu'une alimentation monophasée. Cette tension est parfois appelée tension de|
mode-différentiel. Si 7, est la tension vectorielle entre une des bornes d'alimentation et Ig
erre ‘et 7y la tension vectorielle entre l'autre borne d'alimentation et la terre, la tension
ymétrique est la différence vectorielle (V. -7,)

3.11

pondération (d'une perturbation par impulsion, par exemple)

conversion (la plupart du temps réduction) qui dépend de la fréquence de répétition
d'impulsions (PRF) d'un niveau de tension d'impulsion détecté en créte en une indication qui
correspond a l'effet d'interférence sur la réception radio

Note 1 a l'article: Pour le récepteur analogique, la géne psychophysique de l'interférence est une grandeur
subjective (sonore ou visuelle, généralement pas un certain nombre d'incompréhensions d'un texte parlé).

Note 2 a I'article: Pour le récepteur numérique, l'effet d'interférence est une grandeur objective qui peut étre
définie soit par le taux d'erreur critique sur les bits (BER) ou la probabilité d'erreur critique sur les bits (BEP) pour
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lesquels une correction d'erreur parfaite peut encore apparaitre, soit par un autre paramétre objectif et
reproductible.

3.11.1
mesure de perturbation pondérée
mesure de perturbation utilisant un détecteur de pondération

3.11.2

caractéristique de pondération

e niveau de tension de créte en fonction de la PRE pourun effet constant sur un eyeh‘:mn de
radiocommunication spécifique, c'est-a-dire que la perturbation est pondérée par le systeme|
de radiocommunication lui-méme

3.11.3
détecteur de pondération
détecteur qui offre une fonction de pondération acceptée

3.11.4

facteur de pondération

valeur de la fonction de pondération par rapport a une PR
valeur de créte

par rapport a la

Note 1 a I'article: Le facteur de pondération est exprimé en

3.11.5

fonction de pondération
courbe de pondération
relation entre le niveau de tension d' é la PRF pour l'indication de niveau
constant d'un récepteur de mesure a gtect ¢ pondération, c'est-a-dire la courbe

de réponse d'un récepteu répétées

3.12

mesure du temp

Tm

temps effectif, co;:r \ de mesure a une fréquence donnée (dans certains

domaines, appelé e

— pour letdétecteur“de valeur efficace, le temps effectif pour déterminer la valeur efficace de
I'enveloppe du signal

3.13

étalonnage

operation qui, dans des conditions SpecifiEes, efablii en une premiere etape une relation enire
les valeurs et les incertitudes de mesure associées qui sont fournies par des étalons et les
indications correspondantes avec les incertitudes associées, puis utilise en une seconde
étape cette information pour établir une relation permettant d’obtenir un résultat de mesure a
partir d’'une indication

Note 1 a I'article: Un étalonnage peut étre exprimé sous la forme d’'un énoncé, d’une fonction d’étalonnage, d’un
diagramme d’étalonnage, d’une courbe d'étalonnage ou d’une table d’étalonnage. Dans certains cas, il peut
consister en une correction additive ou multiplicative de I'indication avec une incertitude de mesure associée.

Note 2 a I'article: Il convient de ne pas confondre I’étalonnage avec I'ajustage d’un systéme de mesure, souvent
appelé improprement "auto-étalonnage”, ni avec la vérification de I'étalonnage.

Note 3 a I'article: La seule premiere étape dans la définition est souvent percue comme étant I'étalonnage.
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[SOURCE: ISO/IEC Guide 99:2007, 2.39] [17]"

3.14

vérification

fourniture de preuves tangibles qu’une entité donnée satisfait a des exigences spécifiées
EXEMPLE Vérifier si les fonctions d’'un appareil de mesure ou d'un matériel auxiliaire, tel qu'un dispositif

d’absorption en mode commun (CMAD, Common Mode Absorption Device), satisfont aux spécifications énoncées,
telles que celles données dans une fiche technique.

[SOURCE: ISO/IEC Guide 99:2007, 2.44, modifiée — ajout d'un exemple] [17]

3.15

fajustage (d’un systéme de mesure)
ensemble d'opérations réalisées sur un systéme de mesure po
indications prescrites correspondant a des valeurs données des gra

Note 1 a l'article: Divers types d’ajustage d'un systéme de mesure so
décalage, le réglage d’étendue (appelé aussi réglage de gain).

Note 2 & I'article: 1l convient de ne pas de confondre I'ajustage d'un systé esure_aveo son étalonnage, qui
est un préalable a I'ajustage.

Note 3 a l'article: Aprés un ajustage d’un systéme de mes e 5 ey’ général étre de nouveau
etalonné.

[SOURCE: ISO/IEC Guide 99:2007, 3t

3.16
correction
compensation d

un effet s

Note 1 a l'article: Voir I'lSQ

Note 2 a I'article:
multiplication par u

esure selon laquelle ce résultat peut étre relié a une référence par
tne ininterrompue et documentée d'étalonnages dont chacun
mesure

[SOURCE:MSO/IEC Guide 99:2007, 2.41] [17]

4_"“Récepteurs de mesure de quasi-créte pour la plage de fréquences de 9 kHz a
1 000 MH=z

4.1 Généralités

Les spécifications du récepteur dépendent de la fréquence d'utilisation. Il existe une
spécification de récepteur couvrant la plage de fréquences de 9 kHz a 150 kHz (Bande A),
une couvrant la gamme de 150 kHz a 30 MHz (Bande B), une couvrant la gamme de 30 MHz
a 300 MHz (Bande C), et une couvrant la gamme de 300 MHz a 1 000 MHz (Bande D). Les
caractéristiques fondamentales d'un appareil de mesure de quasi-créte sont données a
I'Annexe H.

1 Les chiffres entre crochets renvoient a la Bibliographie.
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Les analyseurs de spectre et les appareils de mesure a FFT qui satisfont aux exigences du
présent article peuvent étre utilisés pour les mesures de conformité. Pour les mesures
d'émissions, les appareils de mesure a FFT doivent échantillonner et évaluer le signal de
maniére continue au cours de la période de mesure.

4.2 Impédance d'entrée

Le circuit d'entrée des récepteurs de mesure doit étre asymétrique. Lorsque les réglages des
commandes du récepteur sont dans la plage de lecture du CISPR, l'impédance d'entrée
nominale doit etre de b0 () avec un rapport dondes stationnaires (ROS) ne depassant ni
2,0:1 lorsque [l'affaiblissement en radiofréquence (RF) est de 0dB ni 1,2:1 lorsque
I'affaiblissement RF est de 10 dB ou plus.

Impédance d'entrée symétrique dans la plage de fréquences de
permettre des mesures symeétriques, un transformateur d'entréeg
L'impédance d'entrée préférentielle dans la plage de fréquences
150 kHz est de 600 Q. Cette impédance d'entrée symétrique peu
réseau fictif symétrique nécessaire au couplage avec le récep
mesure.

4.3 Précision de la tension sinusoidale

doit étre, a touteS\es
modulé, a la fréquen

aractéristiques des impulsions d'essais pour les récepteurs
de mesure de quasi-créte

Plage de fréquences a) uVs b) MHz c) Hz
9 kHz a 150 kHz 13,5 0,15 25
0,15 MHz a 30 MHz 0,316 30 100
30 MHz a 300 MHz 0,044 300 100
300 MHz a 1 000 MHz 0,044 1000 100

NOTE Les Annexes B et C décrivent les méthodes pour la détermination des caractéristiques de sortie d'un
générateur d'impulsions destiné a étre utilisé dans les essais des exigences du présent paragraphe.

4.4.2 Variations en fonction de la fréquence de répétition (étalonnage relatif)

La réponse du récepteur de mesure a des impulsions répétées doit étre telle que, pour une
indication constante du récepteur de mesure de 20 dB(uV), par exemple, la relation entre
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I'amplitude d'impulsion et la fréquence de répétition soit conforme a la Figure 1, a la Figure 2,
a la Figure 3 et a la Figure 4.

En alternative, la réponse du récepteur de mesure a des impulsions répétées doit étre telle
que, pour un réglage de tension constant des fréquences du générateur d’impulsions de
50 dB(nV), par exemple, aux fréquences de répétition de 25 Hz (Bande A) et de 100 Hz
(Bandes B, C et D), la relation entre I'indication et la fréquence de répétition du récepteur soit
conforme a la Figure 1, a la Figure 2, a la Figure 3 et a la Figure 4 dans des conditions de
sighe opposé.

Pour toutes les mesures, un rapport signal sur bruit suffisant est exigé. L'’utilisation.'d’un
atténuateur de 10 dB en sortie du générateur d’impulsions est recommandée.
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Figure 1 — Courbe de réponse aux impulsions (Bande A)
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La courbe de réponse d'un récepteur de mesure particulier doit étre comprise dans les limites
définies dans la figure appropriée et quantifiée au Tableau 2. Pour les analyseurs de spectre
sans présélection, les exigences du Tableau 2 pour les fréquences de répétition d'impulsions
inférieures a 20 Hz ne sont pas applicables. L'utilisation de tels appareils pour les essais de
conformité est soumise a des conditions. Si de tels analyseurs de spectres sont utilisés pour
les mesures, I'utilisateur doit vérifier et documenter que I'équipement en essai n'émet pas de
signaux a large bande a des fréquences de répétition d'impulsions de 20 Hz ou moins. Une
détermination de l'adéquation d'un analyseur de spectre aux essais doit étre réalisée en
appliquant la procédure donnée dans I'Annexe B de la CISPR 16-2-1:2014, I'Annexe B de la

CISPR 16-2-2:2010, ou I'Annexe B de la CISPR 16-2-3:2010.

La réponse impulsionnelle est réduite en raison de la surcharge a l'entrée_du récepteur aux

*

Fréquence de Niveau relatif équivalent en dB de I'impulsion pour er ban de\(req es données
répétition Bande A Bande B and Bande D
Hz 9 kHz a 150 kHz 0,15 MHz a 30 MHz m 300_MHz 00°MHz a 1 000 MHz
1000 Note 4 45410 (}8,0\1\1,0 8,0+ 1,0
100 4,0+ 1,0 0 (réf.) (\\// 51\(\(\éf.)\\ 0 (réf.)
60 -3,0+£1,0 Q\{‘ \ \J—)\/ -
25 0 (réf.) - N— _
20 - 66,5 {t-\ko \+9,0 +1,0 +9,0 £ 1,0
10 +4,0 i/\\ +\Q,o\_\1,§ +14,0 £1,5 +14,0+1,5
5 7,5 i\\g w \ 3\’ - -
2 +1l§,0 ) \\»{()t')\ﬁ@)‘/ +26,0 £ 2,0 +26,0 £ 2,0*
1 \>17}) + 2,02 \{2\5\4_-/20 +28,5+ 2,0 +28,5 + 2,0*
Impulsion isolée M A +295 +2,0 +31,6 £ 2,0 +31,5 £ 2,0*

NOTE 1 es du récepteur sur sa réponse aux impulsions est traitée a I'Annexe D.
NOTE 2 nses aux impulsions d'un récepteur de quasi-créte et celles de récepteurs
équipés e-détexteur sont données en 5.5, 6.5 et 7.5.

s sur une échelle absolue sont données a la Figure 4. L'ordonnée de la Figure 4
en circuit ouvert, en dB(nVs) correspondant a la tension d'onde sinusoidale en court-
circuit de 66.dB(uV) en“valeur efficace. L'indication sur un récepteur de mesure avec une entrée adaptée aux
génératelirs) d'étalonnage est donc de 60 dB(nV). Lorsque la largeur de bande de mesure est inférieure a la
fréqueficerde répétition des impulsions, les courbes de la Figure 4 sont valables lorsque le récepteur est accordé
surauné-raie discrete du spectre.

NOTE 4 Aucune réponse au-dessus de 100 Hz ne peut étre spécifiée dans la plage de fréquences de 9 kHz a

+50kHzemTarsomrduchevauchement des-imputsions dams tamptificateur s fréquenceimtermediaire:

NOTE 5 L'Annexe A traite de la détermination de la courbe de réponse aux impulsions répétitives.

4.5 Sélectivité

4.51

Sélectivité globale (bande passante)

La courbe représentant la sélectivité globale du récepteur de mesure doit étre dans les limites
indiquées a la Figure 5, a la Figure 6 ou a la Figure 7.
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La sélectivité doit étre décrite par la variation, en fonction de la fréquence, de I'amplitude de
la tension sinusoidale d'entrée qui produit une indication constante sur le récepteur de
mesure.

NOTE Pour la mesure des appareils exigeant une plus grande sélectivité a la transition entre 130 kHz et 150 kHz
(par exemple pour les appareils pour la transmission de signaux sur le réseau électrique tels que définis dans
I'EN 50065-1), un filtre passe-haut peut étre ajouté avant le récepteur de mesure pour obtenir la sélectivité
combinée du récepteur de mesure CISPR et du filtre passe-haut comme indiqué au Tableau 3.

Tableau 3 — Sélectivité combinée du récepteur de mesure CISPR et du filtre passe-haut

Fréquence Atténuation relative
kHz dB
150 <1 f\
146 <6 (\\ O\
145 >6 \ \
140 \
130 \

4.5.3 Taux de rejet

Le rapport entr@
sinusoidale d'ent 3

de mesure ne doi
utilisées, cette
chaque fréqu
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Bande passante (voifr 4.5.1, 5) .6, X6) (Bandes C et D)

Le rapport entre la tens antreé x fréquences autres que celles spécifiées|
en 4.5.2 et 4.5.3 ¢t Ia i fdaled'entrée a la fréquence d'accord qui produit Ila
méme indicatio@ S 3 e doit pas étre inférieur a 40 dB. Des exemples
des fréquences a eles\réponses parasites peuvent se produire sont donnés ci-

dessous:
[iJ(nfL + i et (6)
m

ou

m, n, k __sont des nombres entiers;

JL est la fréquence de l'oscillateur local;
7 esttafrequence mtermediaite;
fo est la fréquence d'accord.

NOTE Si plusieurs fréquences intermédiaires sont utilisées, les fréquences f| et f; peuvent correspondre a
chacune des fréquences de l'oscillateur local et des fréquences intermédiaires utilisées. De plus, des réponses
parasites peuvent se produire lorsqu’aucun signal d'entrée n'est appliqué au récepteur de mesure; par exemple,
quand les harmoniques des oscillateurs locaux présentent un écart de fréquence égal a l'une des fréquences
intermédiaires. Les exigences du présent paragraphe ne peuvent donc pas s'appliquer dans ces derniers cas. Les
effets de ces réponses parasites sont traités en 4.7. Il s'agit par exemple de sources de signaux parasites les
oscillateurs locaux (ou leurs harmoniques), les horloges internes, les cartes électroniques d’ordinateur ainsi que
les produits issus du mélange de ces sources avec le signal d’entrée dans le récepteur.
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4.6 Limitation des effets d'intermodulation

L'influence des effets d'intermodulation sur la réponse du récepteur de mesure doit étre
réduite le plus possible. La méthode suivante doit étre appliquée pour déterminer I'adéquation
d'un appareil de mesure.

Installer I'appareil comme indiqué a la Figure 8. Le générateur d'impulsions a un spectre
essentiellement uniforme jusqu'a la fréquence 3), mais inférieur d'au moins 10 dB a la
frequence 4) des frequences données dans le Tableau 4. Le filtre coupe bande a un

a Iaffa|bl|ssement maximal du filtre d0|t étre comprise entre les fréquences 1) et 2) données
dans le Tableau 4.

Sine-wave generator Filter, attenuation
frequency f 40 dB atf

Pulse generator

Receiver tuned to f

IEC
Anglais \ \ \/ Frangais
Sine-wave generator frequencg\( jréwykcefdu générateur d'ondes sinusoidales
N
Filter, attenuation 40 dB atp\ (\ \Fﬁ!’e, affaiblissement de 40 dB a f
Pulse generator K \ X Générateur d'impulsions
Receiver tuned to/\/ Récepteur accordé a f
NOTE Suite au débateh4.6, Wpteur de mesure sont:
Qg = Op

,—40dB

R
o
|

a,, — 36 dB

8 — Schéma pour l'essai des effets d'intermodulation

Tableau 4 — Caractéristiques de largeur de bande pour I'essai d'intermodulation
des récepteurs de mesure de quasi-créte

Plage de fréquences 1) kHz 2) kHz 3) MHz 4) MHz
9 kHz a 150 kHz (Bande A) 0,4 4 0,15 0,3
0,15 MHz a 30 MHz (Bande B) 20 200 30 60
30 MHz a 300 MHz (Bande C) 500 2 000 300 600
300 MHz a 1 000 MHz (Bande D) 500 6 000 1000 2 000

Brancher la sortie du générateur d'onde sinusoidale directement a I'entrée du récepteur de
mesure et le régler pour obtenir une indication convenable. Remplacer le générateur d'onde
sinusoidale par le générateur d'impulsions et le régler pour obtenir la méme indication. La
fréquence de répétition des impulsions doit étre de 100 Hz pour la bande A et de 1 000 Hz
pour les autres bandes.
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Le générateur d'impulsions étant branché comme indiqué ci-dessus, la mise en circuit du filtre
doit introduire un affaiblissement au moins égal a 36 dB pour les récepteurs de mesure et
d'au moins 20 dB pour les analyseurs de spectres sans présélection.

4.7 Limitation du bruit du récepteur et des signaux parasites internes
4.71 Bruit aléatoire

Le bruit de fond ne doit pas introduire d'erreur supérieure a 1 dB.

NOTE Le point auquel le bruit de fond produit une erreur de 1 dB peut étre déterminé par I'application d'un signal
S de telle sorte que l'indication de I'appareil de mesure soit largement supérieure (par exemple 40 dB) au/nhiveau
de bruit N. En réduisant le niveau du signal S, I'appareil de mesure va atteindre un point Sy—tel que (S4 +# N)-dévie
de 1 dB par rapport a la caractéristique linéaire.

4.7.2 Onde entretenue
L’existence de réponses parasites telles que celles décrites dan doit pas
introduire d’erreur de mesure supérieure a 1 dB pour tout S|g al i écepteur de

mesure. Cette exigence doit étre considérée remplie si le
est soumis a l'essai décrit en 4.7.1.

4.8 Efficacité d'écran

4.8.1 Généralités

entre 9 kHz et 1 0Q0
minimum de la @:
cas ou le réceptety’d
la fréquence auxqu

spécifiée_par le fabricant du récepteur. Toutes les autres prises coaxiales du récepteur
doivent\étre chargées par leur impédance caractéristique.

Seuls les céables essentiels (par exemple cables d'alimentation et cébles d'entrée)

\§cessaires—alutiisationnormale-du rar\nn osur-de-mesure—dans-sa—configurationminimale{a
'utih 11 le—d t d d fi gy i ] I

oo Oo—a— ortHroertt

I'exclusion des options telles que casques d'écoute) doivent étre connectés pendant Iessal.
Les cables doivent avoir la longueur et la disposition correspondant a I|'utilisation habituelle.

L'intensité du champ ambiant au voisinage du récepteur de mesure doit étre mesurée par un
mesureur de champ.

L'indication de I'appareil de mesure du récepteur en présence du champ électromagnétique
ambiant ne doit pas différer de plus de 1 dB de celle donnée par I'appareil de mesure en
I'absence du champ.
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4.8.2 Limitation des émissions radioélectriques produites par le récepteur de
mesure
4.8.2.1 Emissions conduites

La tension perturbatrice RF a tout point de connexion pour une ligne extérieure (pas
uniquement aux bornes d'alimentation) ne doit pas dépasser les limites des appareils de
classe B, spécifiées dans la CISPR 11. La mesure de la tension perturbatrice RF n'est
toutefois pas exigée pour les conducteurs intérieurs des connexions blindées destinées aux

ppareils blindés | a puissance injectée par l'oscillateur local mesurée 3 'entrée du récepteur
de mesure, fermée sur son impédance caractéristique, ne doit pas dépasser 34 dB(pW) ce.qui
est équivalent a 51 dB(nV) dans 50 Q.

4.8.2.2 Emissions rayonnées

Le champ RF rayonné par le récepteur de mesure ne doit pas dgpasse limjtes des

discontinues. La charge
mesure.

5 Récepteurﬁ
comprises g ¢

moduléé

Les analyseudrs’de_spgctre et les appareils de mesure a FFT qui satisfont aux exigences du
présent article peuvent étre utilisés pour les mesures de conformité. Pour les mesures
d'émissions, les appareils de mesure a FFT doivent échantillonner et évaluer le signal de
maniere continue au cours de la période de mesure.

h.2 Impédance d'entrée

L'accés d'entrée des récepteurs de mesure doit étre asymétrique. Pour les réglages du
récepteur se situant dans la plage de lecture du CISPR, l'impédance d'entrée nominale doit
étre de 50 Q avec un ROS inférieur ou égal aux valeurs du Tableau 5.
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Tableau 5 — Exigences relatives au ROS pour I'impédance d'entrée des récepteurs

Plage de fréquences Affaiblissement RF ROS
dB

9 kHz a 1 GHz 0 20a1

9 kHz a 1 GHz >10 1,2a1

1 GHz a 18 GHz 0 3,0a1

1 GHz a 18 GHz >10 20a1

dans le récepteur de mesure lui-méme.

5.3 Caractéristiques fondamentales

5.3.1 Largeur de bande

largeur de bande doit étre

Pour tout type de perturbations a large hande,
¢ la largeur de bande est

donnée lorsque le niveau de perturbati
comprise dans les limites du Tableau

Tableau 6 — Exigences de |

de mesur a\@ de créte
NN

Plage de fréqueers N \L\}igsur de bande Bg Largeur de bande de référence
9 kHz & 150 kHz (Bande AL hkaz 3 300 Hz 200 Hz (By)

0,15 MHz 4 30 MHZ (Bapde ) < N KHz a 10 kHz 9 kHz (Bg)
30 MHz & 1 000 MHzYB@&{@%\D) \ )oo kHz & 500 kHz 120 kHz (Bg)

1 GHz 4 18 GHz (B d@\ ) 300 kHz & 2 MHz 2 1 MHZ b (Bj)
a N

recepteyr de mesure a détection de créte aux impulsions non chevauchantes est

Comme la

proportion argeur bapde en impulsions, soit la largeur de bande réelle est mentionnée dans le
résulta i i peut & mentionné comme étant situé "dans une largeur de bande de 1 MHz",
calculge endli ld valeur mesurée par la largeur de bande en impulsions exprimée en MHz (voir 3.6).
Pour turbations a large bande, cette procédure peut introduire une erreur. Par
conséquen esurées avec la largeur de bande de référence doivent prévaloir.

b La largeurde-ba glectionnée doit étre définie comme la largeur de bande en impulsions du récepteur de
mesure avec une tolérance de £10 %.

5.342 Rapport des constantes de temps de charge et de décharge

Afimd'obtemirsur t'inmdicateur demesure une tecture a 10-% pres de ta vateur vraie de tacréte
a une fréquence de répétition de 1 Hz, le rapport entre la constante de temps de décharge et
la constante de temps de charge doit étre supérieur ou égal aux valeurs suivantes:

a) 1,89 x 104 dans la plage de fréquences comprises entre 9 kHz et 150 kHz;

b) 1,25 x 108 dans la plage de fréquences comprises entre 150 kHz et 30 MHz;
c) 1,67 x 107 dans la plage de fréquences comprises entre 30 MHz et 1 000 MHz;
d) 1,34 x 108 dans la plage de fréquences comprises entre 1 GHz et 18 GHz.

Si le récepteur d'essai est équipé d'une fonctionnalité de maintien de la valeur de créte, la
durée de maintien doit pouvoir étre réglée a des valeurs comprises entre 30 ms et 3 s.
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NOTE Pour les récepteurs qui utilisent les techniques de maintien de créte (et une décharge forcée aprés le
temps de maintien) ou de détection numérique de créte, I'exigence relative au rapport des constantes de temps a
la charge et a la décharge n'est pas pertinente. Une fonction de maintien de maximum de I'affichage peut étre
utilisée pour les signaux avec des amplitudes variables dans le temps.

Si un analyseur de spectre est utilisé pour les mesures de créte, la bande vidéo (B,,4¢,) doit
étre réglée sur une valeur supérieure ou égale a la bande de résolution (Bgs,). Pour les
mesures de créte, le résultat peut étre lu sur I'afficheur de I'analyseur de spectre, avec le
détecteur fonctionnant soit dans le mode linéaire, soit dans le mode logarithmique.

5.3.3 Réserve de linéarité

Pour les récepteurs de mesure de créte, il n'est pas nécessaire que la réserve de Jinéarité
soit aussi élevée que pour d'autres types de récepteurs de mesure. PourNa plupart des
détecteurs a lecture directe, la réserve de linéarité doit étre légéremerfiNsupériemre) a 'unité.

5.4 Précision de la tension sinusoidale

La précision des mesures de tension sinusoidale doit étre
dessus de 1 GHz) lorsque l'appareil mesure un signa
impédance de source résistive de 50 Q.

B"(+2,5 dB au-
al a l'aide d'une

5.5 Réponses aux impulsions

Jusqu'a 1 000 MHz, la réponse du rés G pulsions de f.é.m. dont l'aire
d'impulsion est de 1,4/B;,,, mVs (ou B; S mpédance de source de 50 Q,
doit étre égale a la réponse a un signal si [ qodulé a la fréquence d'accord ayant

une f.é.m. de 2 mV en valeur efflcace 66 mpédances de source du générateur
d'impulsions et du génér, gtre identiques. Les impulsions doivent
avoir un spectre unifor bteau 2. Une tolérance de 1,5 dB est
autorisée pour le nivega Oidale/et cette exigence s'applique a toutes les
fréquences de répétition d r lesquelles aucune impulsion de chevauchement ne

NOTE 1 Les Annexes
générateurs d'impulsj

éthodes de détermination des caractéristiques de sortie des
pour le contrdle des exigences du présent paragraphe.

Fréauence Aimp Bimp fréquence de répétition des impulsions
mVs Hz 25 Hz 100 Hz
Bande A 6,67 x 1073 0,21 x 108 6,1 -
Bande B 0,148 x 1073 9,45 x 103 - 6,6
Bandes C et D 0,011 x 1073 126,0 x 103 - 12,0

NOTE 1 La réponse aux impulsions est basée sur |'utilisation de la largeur de bande de référence uniquement
(voir Tableau 6).

NOTE 2 Les valeurs contenues dans ce tableau résultent de la spécification nominale des fonctions de
pondération du détecteur. Par conséquent, la vérification par un laboratoire d'étalonnage n'est pas exigée.
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Au-dessus de 1 GHz, l'aire de l'impulsion exigée est définie a 'aide d'une porteuse modulée
en impulsion a la fréquence d'essai, étant donné que les générateurs d'impulsions ayant un
spectre uniforme jusqu'a 18 GHz ne sont pas réalisables. Voir E.6.

5.6 Sélectivité

Comme les exigences de largeur de bande décrites en 5.3.1 permettent de s'écarter des
largeurs de bande données a la Figure 5, a la Figure 6 et a la Figure 7, les courbes de
sélectivité s'appliquent aux récepteurs de mesure de créte en termes de forme seulement, et
axe des frequences doit etre mis a r'echetle en consequence. Par exemple, Bg/2 cofrespond
2 100 Hz dans la Figure 5.

Les exigences de 4.5.2, 4.5.3 et 4.5.4 s'appliquent.

A i | I
\ 1é 4
= I\
g \
] ]
..g' \ 13 T\ / / /\
o AT >
E v a N
5 \ NEvAN|
c
S Ny iy -0,45/9 dB —#-9 dB-— | —e— Max. bandwidth
8 ‘ \ [ [ | )N ’ \ - i
2 —— ~ | —&— Min. bandwidth
3 *\*—0‘375/6&15 #&0, 5 MHz/6 dB
= SNOSOS
= | 3
£ N hb 0,25/3
e I N P~
N &=
> ) 4 N v ® _1dB
-14 -12 1 —0,4 0 WOQ 04 06 08 1 12 14
MH2)off mid-band +Af

IEC

\ \A\ng}@is ) Frangais

Relative @)Mon%e&?out}c{t (dB) Entrée relative pour la sortie constante (dB)

Max Bandwi Largeur de bande max
Min Bandwidth > Largeur de bande min
Hz off mid=band Désaccord (Hz)

NOTE 1 Les limites pour la largeur de bande d'impulsion ne peuvent pas étre représentées sur le diagramme car
|'atténuation de filtre correspondante dépend du type du filtre. En conséquence, les limites pour les largeurs de

S o dR ot o 0 dD $ A48 o 4 HII feotl
a8 o 0ot a—o 0o ofretre o eeSPou —uStHation:

NOTE 2 Les limites pour la sélectivité globale ont été déduites de celles de I'équipement utilisé au moment de
I'introduction de I'exigence sur la sélectivité.

Figure 9 — Limites pour la sélectivité globale — Bande passante (Bande E)

5.7 Effets d'intermodulation, bruit du récepteur et blindage

Pour la plage de fréquences en dessous de 1 GHz, les exigences décrites en 4.6, 4.7 et 4.8
s'appliquent. Les Paragraphes 4.7 et 4.8.2 s'appliquent aussi a la bande E.

De plus, ce qui suit s'applique pour la bande E.
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— Les exigences pour les effets d'intermodulation sont & I'étude.

— Filtre de présélection pour la bande E: lors de la mesure des signaux parasites de niveau
faible en présence d'un signal fondamental fort pour certains appareils en essai, insérer
un filtre au niveau de l'entrée du récepteur de mesure (a l'intérieur ou a I'extérieur) qui
donne un affaiblissement adéquat a la fréquence fondamentale pour éviter de surcharger
et d'endommager les circuits d'entrée du récepteur et de produire des harmoniques et des
signaux d'intermodulation.

— Plusieurs filtres peuvent étre exigés en présence de plusieurs fréquences fondamentales.

L\IOTE Un affaiblissement par un filtre de 30 dB a la fréquence fondamentale de I'appareil en essai est en génénal
uffisant.

Les exigences relatives a l'efficacité d'écran, c'est-a-dire a I'immunité
rayonnées ambiantes élevées, sont a I'étude.

perturbations

6 Récepteurs de mesure avec détecteur de valeur moye
fréquences comprises entre 9 kHz et 18 GHz

6.1 Généralités
mesure des perturbations par impulsion. Ce type détecteur congu pour
|nd|quer la valeur moyenne de l'enveloppe d i les étages en amont du

etroite afm de s'affranchir des proble 30i N ulation, soit a la présence de
bruit a large bande.

L'accés d'entrée
récepteur de com

gsure doit étre asymeétrique. Pour les réglages du
ans la plage de lecture du CISPR, l'impédance d'entrée

Impédanc y
9 kHz et 150 KHZz: utiNser un transformateur d'entrée équilibré pour les mesures symétriques

dans lasplage de fréquences comprises entre 9 kHz et 150 kHz). L'impédance d'entrée
symétrique peut étre incorporée soit dans le réseau fictif symétrique exigé pour le couplage
avec le-récepteur, soit dans le récepteur de mesure lui-méme.

6.3 Caracteristiques fondamentales
6.3.1 Largeur de bande

Les largeurs de bande doivent étre comprises dans les valeurs montrées au Tableau 8.
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Tableau 8 — Exigences de largeur de bande pour les récepteurs
de mesure avec détecteur de valeur moyenne

Plage de fréquences Largeur de bande Bg Largeur de bande de référence
9 kHz a 150 kHz (Bande A) 100 Hz a 300 Hz @ 200 Hz (Bg)
150 kHz a 30 MHz (Bande B) 8 kHz a 10 kHz @ 9 kHz (Bg)
30 MHz a 1 000 MHz (Bandes C et D) 100 kHz a 500 kHz a 120 kHz (Bg)
t+GHza 18 GHz(Bande ) 300 kHzT 2 MHz* iz Bimp)

a La question de la largeur de bande est débattue en E.1. Si une largeur de bande autre que la largeur de
bande de référence est utilisée, cela doit é&tre mentionné la ou le niveau de perturbation est indiqué.

b La largeur de bande sélectionnée doit étre définie comme au Tableau 6. /\

6.3.2 Réserve de linéarité

avec B..., en Hz.

imp

Le récepteur ne doit pas étre en surcharge pour dg
egales a 25 Hz pour la bande A, 500 Hz pour la ba

source résistive de 50

6.5 Répons@ i

linéaire);~la’ réponse du récepteur de mesure a des impulsions de f.é.m. de fréquence de
répétitionvn Hz, et d'aire d'impulsion égale a 1,4/n mVs sous une impédance de source de
50 Q) doit étre égale a la réponse a un signal sinusoidal non modulé a la fréquence d'accord
ayant une f.é.m. de 2 mV en valeur efficace [66 dB(nV)]. Les impédances de source du

Aandratanr d'imnulcinne at Ay AANAratanr Ao ciananiyv dAnaivant Atra idantiniiac | ac imnileainnec
=2 teut—G T S—et+au—ge ted—ae—Srgha SoHveHt—Eete S5

ToT TP aToToTT o™ A= rA LASASZRATAS A=)

doivent avoir un spectre uniforme conformément aux données montrées au Tableau 2. Une
tolérance de 1,5 dB/—1,5 dB est autorisée sur le niveau de tension sinusoidale.

T OO T POUToToOTTS

NOTE 1 Aux fréquences de répétition de 25 Hz, 100 Hz, 500 Hz, 1 000 Hz et 5 000 Hz, la relation entre les
indications d'un récepteur de mesure de valeur moyenne et celle d'un récepteur de mesure de quasi-créte de
méme largeur de bande, en supposant des facteurs de surcharge adéquats et un niveau de sortie constant, est
donnée au Tableau 9.
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Tableau 9 — Réponses comparatives aux impulsions des récepteurs de mesure de
valeur moyenne et de quasi-créte pour une méme largeur de bande

. i Rapport des lectures quasi-créte/valeur moyenne (dB) pour une
Plage de fréquences du récepteur fréquence de répétition des impulsions
de mesure
25 Hz 100 Hz 500 Hz 1000 Hz 5000 Hz
9 kHz a 150 kHz (Bande A) 12,4
0,15 MHz a 30 MHz (Bande B) (32,9) 22,9 (17,4)
30 MHz & 1 000 MHz (Bandes C et D) (38,1) 26,3

NOTE 1 La réponse aux impulsions est basée sur I'utilisation de la largeur de bande de référence uniqtement
(voir Tableau 8).

NOTE 2 Les valeurs entre parenthéses sont données pour information uniquement.

NOTE 3 Les valeurs indiquées dans ce tableau résultent de la spécificati n
pondération du détecteur. Par conséquent, la vérification par un laboratoire c%t\alo na

moyenne sont définis: linéaire et logarithmique:

Pour le détecteur de valeur moyenne linéaire,
impulsions de f.é.m. de fréquence de rg i
sous une impédance de source de 5
non modulé a la fréquence d'accord
[66 dB(uV)]. L'impulsion doit étre défini
valeur de n doit étre de 50 000 Hz. U
tension sinusoidale.

portéuse modulée en impulsion. La
5 dB est autorisée sur le niveau de|

d'impulsion égal
la réponse a un

La détectio oyenne peut étre obtenue avec des analyseurs de spectre configurés
nde vidéo B,y << Besoi; afin d'obtenir un calcul de moyenne adéquat
reposant surrla fréquence de répétition du signal mesuré. Pour les mesures basées sur une
réductiof de la bande vidéo, s'assurer que la durée de balayage est suffisamment longue|
pour permettre au filtre de la bande vidéo de répondre de fagon correcte.

NOTE 2 Pour les mesures (pondérées) moyennes en mode linéaire, le résultat correspondra au niveau moyen du
signal mesuré. Si _un aifichage logarithmique est utilis€, le résultat correspondra a la moyenne des valeurs
logarithmiques du signal mesuré. En conséquence, pour un signal d'onde carrée de valeurs successives de
20 dB(nV) et 60 dB(unV), le niveau obtenu en mode logarithmique est de 40 dB(uV), alors qu'en mode linéaire, le
niveau 54,1 dB(uV) représente la valeur moyenne réelle du signal.

6.5.3 Variation avec la fréquence de répétition

La réponse d'un récepteur de mesure équipé d'un détecteur de valeur moyenne linéaire a des
impulsions répétées doit étre telle que, pour une indication constante sur le récepteur de
mesure, la relation entre I'amplitude et la fréquence de répétition soit conforme a la regle
suivante:

Amplitude proportionnelle a (fréquence de répétition)="
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Une tolérance de +3 dB a —1 dB est autorisée dans la plage de fréquences comprise entre la
plus faible fréquence de répétition utilisable et une fréquence égale a B,/2, tel que déterminé
a partir des considérations de surcharge.

NOTE 1 Les courbes de réponse théorique aux impulsions des récepteurs a détecteur de quasi-créte et de valeur
moyenne, combinées sur une échelle absolue, sont données en Figure 4. La réponse du récepteur de mesure
équipé d'un détecteur de valeur moyenne logarithmique a des impulsions répétées (au-dessus de 1 GHz) est
influencée par le niveau de bruit entre les impulsions. Avec les valeurs suivantes:

LIogAv est le niveau indiqué par le détecteur de valeur moyenne logarithmique;
Tp est la durée de I'impulsion;

Lp est le niveau d'impulsion en dB(pV);

Ty est la durée du niveau de bruit;

Ly est le niveau de bruit en dB(uV);

la relation approximative suivante s'applique alors:

TF’LP + TNLN

7
TP+TN "

LIogAv =

EXEMPLE: Si le niveau d'impulsion L, est de 85 dB(uV)
Tp = 1/B;, =1 us, le taux d'impulsion n est de 100 000 Hz/{ alg
LlogAv = §7 dB(nV). En realité, LIo Ay €St plus élevé puisque
la sortie f.i. ne descend pas au niveau de bruit i

est de 8 dB(nV),
partir de cette équation,

NOTE 2 Une tolérance est a I'étude.

6.5.4 Réponse aux perturbation g intermittentes, instables et
dérivantes
La réponse aux perturbations\g %te mjttentes, instables et dérivantes doit étre

ayant une constante 3 les Bandes A et B et de 100 ms pour les|
Bandes C et D, cormame S5ehté & i 11. La constante de temps est telle qu'elle est
définie en A.3.2 & uh réseau de S|mulat|on de Iappare|l de mesure a
la suite du détecte ;

par une surveill deVla sortle de l'appareil de mesure en utilisant un
convertisseur an \ Jgle ) et un microprocesseur comme ceux représentés a

la Figure 10.
Q Meter A )
3 V' ; »| Simulating > < > Micro-
etec network D processor
IEC
Anglais Frangais
Envelope detector Détecteur d'enveloppe
MAL H Lot 4 ) RA A H Lot A L] H P~
Metersimutatingretwork Réseau-de-simutation-detapparet-de—resure
Micro-processor Microprocesseur

Figure 10 — Schéma fonctionnel d'un détecteur de valeur moyenne

Pour les récepteurs de bande E, la constante de temps du dispositif de mesure pour le
détecteur de valeur moyenne logarithmique est de 100 ms. Pour le détecteur de valeur
moyenne logarithmique, les exigences sont a I'étude.

Il se déduit de l'exigence ci-dessus qu'un récepteur de mesure de valeur moyenne doit
donner les valeurs maximales de lecture du Tableau 10 pour un signal d'entrée sinusoidal RF
modulé par des impulsions rectangulaires répétées de la durée et de la période indiquées
dans le tableau. Une tolérance de +1,0 dB est autorisée pour cette exigence.
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Tableau 10 — Valeurs maximales des récepteurs de mesure de valeur moyenne pour une
entrée sinusoidale a modulation d'impulsion comparées a la réponse a une onde
sinusoidale continue de méme amplitude

Impulsions rectangulaires périodiques Récepteur bandes A/B Récepteur bandes C/D
pour la modulation Tw=0,16s Tyw=0,1s
Durée = Ty
0,353 (= -9,0 dB) 0,353 (= -9,0 dB)
Période = 1,6 s

(=] = = H L] IH ot + = ] | HEW-9~ H +
i oaht e T eSS apPPritut—au—aetreCreu— ae—~varcurmoyeRrerheareomquemeht

Francais

Time /\\ V\ Temps

tenue par un signal intermittent a bande étroite d'une durée de 0,3 s et de
1 Hz de fré atiti 'une constante de temps de 100 ms est utilisée. Si la constante de temps

valeur moyenne. logarithmigue fonctionnant avec une certaine bande vidéo, par exemple, 10 Hz, et la fonction de|
maintien du maximum /affichage du spectre.

Figure. 11 — Capture d'écran montrant la réponse du réseau de simulation de I'appareil
de mesure a un signal a bande étroite intermittent

Pour les récepteurs présentant une largeur de bande de 200 Hz (pour la plage de fréquences
comprises entre 9 kHz et 150 kHz) ou une largeur de bande de 9 kHz (pour la plage de
fréquences comprises entre 0,15 MHz et 30 MHz), la sélectivité globale doit étre comprise
dans les limites données respectivement a la Figure 5 et a la Figure 6. Pour les récepteurs
présentant une largeur de bande de 120 kHz (pour la plage de fréquences comprises entre
30 MHz et 1 000 MHz), la sélectivité globale doit étre comprise dans les limites données a la
Figure 7. Pour les récepteurs ayant d'autres largeurs de bande, la Figure 5, la Figure 6 et la
Figure 7 ne décrivent que la forme, et I'axe des fréquences doit étre mis a I'échelle en
conséquence. La courbe représentant la sélectivité globale de la largeur de bande de
référence du récepteur de mesure pour la bande E doit se situer dans les limites de la
Figure 9.
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Les exigences de 4.5.2, 4.5.3 et 4.5.4 s'appliquent.

NOTE Pour la mesure des appareils exigeant une plus grande sélectivité a la transition entre 130 kHz et 150 kHz
(pour les appareils pour la transmission de signaux sur le réseau électrique tels que définis dans I'EN 50065-1
[18]2, par exemple), un filtre passe-haut peut étre ajouté avant le récepteur de mesure pour obtenir la sélectivité
combinée ci-aprés du récepteur de mesure CISPR et du filtre passe-haut:

Fréquence Atténuation relative
kHz dB
150 <1
146 <6
145 >6
140 > 34 TN
130 > 81 |

Il convient que le récepteur de mesure avec le filtre passe-haut sa 2 exigences de
la présente norme.

6.7 Effets d'intermodulation, bruit du récepteur et b

Les exigences de 5.7 doivent s'appliquer.

7 Récepteurs de mesure avec dé

pondération qui est une cg¢ ai de valeur efficace (pour les fréquences
de répétition d'impulsipns supérie : eguence de cassure f;) et d'un détecteur de
valeur moyenne (pour |les stition d'impulsions inférieures a la fréquence de
cassure f.), ce ' une” courbe de réponse impulsionnelle avec les

caractéristiques a Y Yor: au-dela de la fréquence de cassure et
20 dB/décade en de @

Les analyseurs ¢ es appareils de mesure a FFT qui satisfont aux exigences du
présent artidle peuVv i hilisés pour les mesures de conformité. Pour les mesures
d'émissio &S appar esure a FFT doivent échantillonner et évaluer le signal de

7.2

Le circuit )d'entrée des récepteurs de mesure doit étre asymétrique. Pour les réglages du
récepteur de commande se situant dans la plage de lecture du CISPR, l'impédance d'entrée
nominale doit étre de 50 Q avec un ROS ne dépassant pas les valeurs indiquées au
Tableau 11.

2 Les chiffres entre crochets se référent a la bibliographie.
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Tableau 11 — Exigences ROS de I'impédance d'entrée

Plage de fréquences Affaiblissement RF ROS
dB

9 kHz a 1 GHz 0 20a1

9 kHz a 1 GHz 10 1,2a1

1 GHz a 18 GHz 0 3,0a1

1 GHz a 18 GHz 10 20a1

Impédance d'entrée symétrique dans la plage de fréquences de 9k 30 MHz; "pour
permettre des mesures symétriques, un transformateur d'entrée setnqu est utilisé.
L'impédance d'entrée préférentielle est de 600 Q dans la plage delfréequences\comprises
entre 9 kHz et 150 kHz. Cette impédance d'entrée symétrique peu i porée 0|t dans|
le réseau fictif symétrique nécessaire au couplage avec le réce
de mesure.

7.3 Caractéristiques fondamentales
7.3.1 Largeur de bande

Les largeurs de bande doivent étre comprises d

r le récepteur
ne efficace

Tableau 12 — Exigences\de har
de mesure avec détecteu

Plage de fréquences\\ <\ \)_argeur de bande

9 kHz & 150 kH (Be}x{ r’(\\ ) > 200 Hz (8,)

N
150 kHz a 3NHZ\(*§anaxe ) 9 kHz (B,)

30 MH}\a 1 Q)o\wfé\bﬁknde\s\&\o \ 120 kHz (B,)

G z (Ban e E 1 MHz (B|mp)
NOTE isie bande E est définie comme la largeur de bande
d'impuylsi uré de meaure avec une tolérance de +10 %.

7.3.2 servede’linéarite

Au-dessus la-fréquente de cassure f;, spécifiée ci-dessous, la réserve de linéarité des
circuits précédantle détecteur, pour une fréquence de répétition d'impulsion de n Hz doit étre
de 1,27(Baln)V2, By étant exprimé en Hz. En dessous de la fréquence de cassure, la réserve
de linéarité pour une cadence de répétition d'impulsion de » Hz doit étre supérieure a 1,27(B4

f) Vs (s [ n).

NOTE 1 La "fréquence de cassure" est la fréquence de répétition d'impulsion au-dela de laquelle le détecteur de|
valeur moyenne efficace se comporte comme un detecteur de valeur efficace et en dega de laquelle le détecteur de
valeur moyenne efficace présente une pente de détecteur de valeur moyenne linéaire.

La fréquence minimale de répétition d'impulsion sans surcharge doit étre conforme aux
valeurs indiquées dans le Tableau 13.
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Tableau 13 — Fréquence minimale de répétition d'impulsion sans surcharge

Plage de fréquences du récepteur de Fréquence de Fréquence Indications de rapport
mesure cassure f_ minimale de valeur de créte/valeur
répétition des moyenne efficace
kHz impulsions
dB
Hz
9 kHz a 150 kHz (Bande A) 0,01 5 19
O7+5-MHz2-36-MHz(Bande B 6564 5 35;5
30 MHz a 1 000 MHz (Bandes C et D) 0,1 31,6 40,6
1 GHz a 18 GHz (Bande E) 1 316

La précision des mesures de tension si f j eflleure que +2 dB (£2,5 dB au-
dessus de 1 GHz) lorsque le récepteur mesure al sinusoidal avec une impédance de

7.5.1 Détails de don

La fonction de ! | ésentée par un détecteur de valeur efficace qui
détermine de manig it 2(5] efficaces au cours de périodes égales a l'inverse

d'ordre 2 qui g } tdn amortie de maniére critique qU| est spécifiée pour le
détecteur decquasi e a, constante de temps est définie jusqu'a 1 GHz. Pour la bande
E, Ia co de 100 ms. En cas de variation dans le temps, la sortie

s est le résultat de la mesure.

générateurs d'impulsions gestinés a étre utilisés pour le contréle des exigences du présent article.

7.5.2 Réponse en amplitude

La”réponse du récepteur de mesure pour la bande A aux impulsions de f.é.m. d'aire
d'impulsion de 278 x (B;)"2 uVs & une impédance source de 50 Q qui ont un spectre
uniforme jusqu'a au moins la fréquence accordable la plus élevée de la bande A, et répétée a
une fréquence de 25 Hz, doit, pour toutes les fréquences d'accord, étre égale a la réponse a
un signal sinusoidal non modulé a la fréquence accordée ayant une f.é.m. 2 mV [66 dB(uV)]
en valeur efficace. Pour les récepteurs de mesure pour les bandes B, C, D et E, leurs valeurs
correspondantes sont 44 x (83)'1’2 uVs et 1 000 Hz. Les impédances de source du générateur
d'impulsions et du générateur de signaux doivent étre identiques. Une tolérance de + 1,5 dB
est permise dans les niveaux de tension sinusoidale prescrits ci-dessus.

NOTE L'Annexe A décrit le calcul du facteur de réponse impulsionnelle du détecteur de valeur efficace. A une
fréquence de répétition respectivement de 25 Hz et de 100 Hz (c'est-a-dire la fréquence de répétition d'impulsion
de référence de détecteur de quasi-créte), la relation entre les indications d'un récepteur de mesure de valeur
moyenne efficace et un récepteur de mesure de valeur de quasi-créte de la méme largeur de bande est donnée au
Tableau 14.
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Si des préamplificateurs externes sont utilisés, voir I'Annexe J pour les exigences applicables.

Tableau 14 — Réponse impulsionnelle relative des récepteurs
de mesure en valeur moyenne efficace et en quasi-créte

Plage de fréquences du récepteur de Fréquence de répétition des | Indications de rapport valeur
mesure impulsions de quasi-créte/valeur moyenne
efficace
Hz dB
9 kHz a 150 kHz (Bande A) 25 4,2
0,15 MHz a 30 MHz (Bande B) 100 14,3
30 MHz a 1 000 MHz (Bandes C et D) 100

NOTE Les valeurs indiquées dans ce tableau résultent de la spécification

m es onctlons de
pondération du détecteur. Par conséquent, la vérification par un laboratoire d' etaly{f\g en e@ai

7.5.3

Variation avec la fréquence de répétition

que, pour une
e et la fréquence
régle suivante:

Tableau 15.

Ta Iea ulsionnelle des récepteurs

r moyenne efficace

Frequ ce hh\ \/\hk\ve,/u équivalent relatif d'impulsion en dB
regetting M Bande B Bandes C et D Bande E
\ \"% \ \)— -~ (~20 + 2,0) -20 +2,0
< \M \ - - -10+£1,0 -10 £ 1,0
Sy obo\ - 0 (réf.) 0 (réf.) 0 (réf.)
W — +5£0,5 +5+0,5 +10£1,0
100 -6 +0,6 +10+ 1,0 +10+ 1,0 (+20 + 2,0)
31,6 - +15+1,5 +20 £ 2,0
25 0 (réf.) +16+ 1,6
10 +4 £ 0,4 +20 £ 2,0
5 +9+0,7 +25+2,3
1 - -
NOTE 1 Les valeurs entre parenthéses sont données pour information uniquement.
NOTE 2 Les valeurs a 5 Hz pour les bandes A et B prennent en compte I'effet de
la constante de temps de I'appareil de mesure.
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7.5.4 Réponse aux perturbations a bande étroite intermittentes, instables et
dérivantes

La réponse aux perturbations intermittentes a bande étroite, instables et dérivantes doit étre
telle que le résultat de mesure soit équivalent a la valeur de créte lue d'un appareil de mesure
avec une constante de temps de 160 ms pour les Bandes A et B et de 100 ms pour les
Bandes C, D et E. Cela peut étre réalisé par le réseau simulant l'appareil de mesure
(analogique ou numérique) auquel les valeurs efficaces décrites en 7.5.1 sont injectées
comme entrée.

Il est déduit de I'exigence ci-dessus qu'un récepteur de mesure en valeur moyenne efficace
doit donner la valeur lue maximale indiquée au Tableau 9 pour un signal d'entrée sinusa@idal a
radiofréquence avec des impulsions rectangulaires répétées ayant la durée et la{période
indiquées dans le Tableau 16. Une tolérance de +1,0 dB est autorisée pg exigence.

Tableau 16 — Valeur maximale des récepteurs de valeur
pour une entrée sinusoidale a modulation d'impulsion

Impulsions rectangulaires Récepteur de & \fﬁ ur d
band

périodiques pour la bandes A/
modulation Ty = 0,16's T, =9,1s

Durée = 7, 0,398 (= -7\9 dB) 353%=29,0 dB)
Période = 1,6 s (\
NOTE La valeur pour le récepteur

n )
e bandes A/B_pedt Varierd'environ + 0,5 dB
en raison d'un chevauchement quj var la dufée d'imapulsign de 160 ms avec la

durée d'intégration de 100 ms en eur efficage,

N

7.6 Sélectivité

Pour la bande E, ce qui suit s'applique:

— les exigences pour les effets d'intermodulation sont & I'étude.
—cfiltre de présélection: lorsque des signaux parasites de faible valeur sont mesurés en

nracanca d'vin cianal fanAamantal fAart nrAavyanant An ~artaine Aannarailea Al ~Acocatl 1 filde
pPrestce—ourt—Srgrar— oo et TortpProv et Gt Certams—apparcrnros— e Cooar——uor— 1t e

doit étre prévu a l'entrée du récepteur de mesure pour assurer un affaiblissement
approprié a la fréquence fondamentale pour protéger les circuits d'entrée du récepteur de
la surcharge et des dommages et pour empécher de générer des signaux harmoniques et
d'intermodulation.

NOTE 1 Un affaiblissement par un filtre de 30 dB a la fréquence fondamentale de I'appareil en essai est en
général suffisant.

NOTE 2 Plusieurs de ces filtres peuvent étre exigés lorsqu'il existe plusieurs fréquences fondamentales.

Les exigences d'efficacité d'écran, c'est-a-dire l'immunité aux perturbations rayonnées
ambiantes de valeur élevée, sont a I'étude.
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8 Récepteurs de mesure pour la plage de fréquences comprises entre 1 GHz et
18 GHz avec fonction de mesure de la distribution de probabilité des
amplitudes (DPA)

La DPA d'une perturbation est définie comme une distribution cumulative de la "probabilité de
la durée nécessaire a lI'amplitude d'une perturbation pour dépasser un niveau spécifié".

La DPA peut étre mesurée a la sortie du détecteur d'enveloppe ou a la suite des circuits d'un

nr\nnl-nnr- dao ReSHFe DE o4 dun AanAalucarre rlr\ enr\r\hr-r\ || conviant aun 'amnlitii A~ A~ 1~
ept de—mesure—R} duhr—anabysew spectre—H—econvient—que—tamplitude—de—a

perturbation soit exprimée par rapport a la valeur du champ ou a la tension a I'entrée~du

récepteur. Généralement, une mesure de la DPA s'effectue a une fréquence fixe.

La fonction de mesure de la DPA est une fonction supplémentaire des de“mesure

et peut étre soit rattachée a, soit incorporée aux appareils de mesure

La fonction de mesure de la DPA peut étre mise en ceuv es\pethodes

suivantes. Une approche utilise des comparateurs et des co L'appareil

gssignés (par
parateurs. Une

détermine les probabilités de dépasser un ensemble de niveaux\d'ampiitude
exemple en tension). Le nombre de niveaux est identiqué QR \ de co
autre methode p033|ble |mpI|que Iutlllsatlon dun copve i

Wfe de niveaux dépend
ple 256 niveaux pour un

4.7 de la CISPR 16-3:2010, CISPR
exte général sur les spécifications de

Les spécificatio ive i [N fonction de mesure de la DPA. La justification
de ces spécifica z

d) La probabilité minimale mesurable doit étre de 10~

e)~La fonction de mesure de la DPA doit étre capable d'assigner au moins deux niveaux
d'amplitude. Les probabilités correspondant a tous les niveaux préassignés doivent
blre-mesuréss—simullanément—La—résolution-desniveaux—damplitude-préassignés—doit

étre au minimum 0,25 dB ou mieux.

f) Le taux d'échantillonnage doit étre supérieur ou égal a 10 millions d'échantillons par
seconde en utilisant une largeur de bande de résolution de 1 MHz.

e Spécification recommandée

g) Il convient que la résolution de I'amplitude de Il'affichage de la DPA soit inférieure a
0,25 dB pour un appareil de mesure de la DPA ayant un convertisseur A/N.

NOTE Les mesures de la DPA peuvent aussi s'appliquer aux plages de fréquences inférieures a 1 GHz.
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9 Analyseurs de perturbations

9.1 Généralités

Les analyseurs de perturbations sont utilisés pour I'évaluation automatique de I'amplitude, du
taux de répétition et de la durée des perturbations discontinues (claquements).

Un "claquement" posséde les caractéristiques suivantes:

a) l'amplitude quasi-créte dépasse la limite quasi-créte d'une perturbation continue,
b) la durée est inférieure ou égale a 200 ms, et

c) l'espacement entre une perturbation et la perturbation suivante a perturbation

précédente est supérieur ou égal a 200 ms.

Les parametres de temps sont déterminés a partir du le niveau de

référence f.i. du récepteur de mesure.

fonctionne avec un niveau de signal interne
‘interface correcte avec tous les récepteurs.

mesures de S

NOTE 1 Le nive
un signal sinusoiga
perturbations co

b) L'analyse

d) La combinaison des voies entre elles doit satisfaire a toutes les exigences de 4.2.

e) L'analyseur doit &tre capable d'indiquer les informations suivantes:
— Jeriombre de claguements de durée inférieure ou égale a 200 ms;
<\ la durée de I'essai en minutes;

— le taux de répétition des claquements;

— l'incidence des perturbations autres que les claguements qui dépassent la limite en
quasi-créte des perturbations continues.

NOTE 2 Un exemple d'analyseur de perturbation est représenté sous la forme d'un schéma fonctionnel a la
Figure 12.

f) Pour la validation des caractéristiques fondamentales, I'analyseur doit satisfaire aux
vérifications des caractéristiques avec toutes les formes d'onde (impulsions d'essai) du
Tableau 14.

La Figure 13 représente sous forme graphique les formes d'onde énumérées dans le
Tableau 17.
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La Figure F.1 représente sous forme graphique toutes les formes d'onde énumérées dans
le Tableau F.1 pour la vérification des caractéristiques pour les exceptions aux définitions
d'un claquement conformément a 4.2.3 de la CISPR 14-1:2005.

5

@%
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