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Measuring apparatus

INTERPRETATION S

ittee CISPR: Internati

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

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

rt on voting

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

ever; seven National Committees had submitted a negative vote. Most concerns v
ed to"the measuring receiver specifics covered in K.4. That clause states:

3PR A: Radio-interfergnce

onal

the

the
on

vere

“This standard specifies 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

t

he 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.

INT’IRPRETATION:

Demonstration of compliance with CISPR 16-1-1

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

It i§ permissible to use either the manufacturer's cadibration tion
labgratory’s own process that is applying the procedures—a i din
this |standard. The user of CISPR 16-1-1 is respofisible idi two

approaches to use, both which are considered equivia
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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 organizatiaon for stan}ierdization compfising
al|l national electrotechnical committees (IEC National Committees). \The object\of [EC js to progmote

riternational co-operation on all questions concerning standardizationin_the electfical and electronic fields. To
is end and in addition to other activities, IEC publishes International“Standards, Technical Specifications,
echnical Reports, Publicly Available Specifications (PAS) and_Guides:{hereafter referred to as [“IEC
ublication(s)”). Their preparation is entrusted to technical committees; any. IEC Natjonal Committee intergsted
n the subject dealt with may participate in this preparatory -work. laternational; governmental and |non-
bvernmental organizations liaising with the IEC also participate in this\preparation. IEC collaborates clpsely
ith the International Organization for Standardization (KS©) in/ actordance_with conditions determingd by
breement between the two organizations. \

-4 v s@ 35Uy

2) The formal decisions or agreements of IEC on techaical matterS«€xpress, as nearly as possible, an internafional
bnsensus of opinion on the relevant subjects sinece each“technical-committee has representation from all

riterested IEC National Committees.

5 O

3) IEC Publications have the form of recommendationsefor ‘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_tespénsible for the way in which they are used or fof any
nlisinterpretation by anyend user.

\

4) I order to promote internationak uniformity;~IEC_National Committees undertake to apply IEC Publicgtions
transparently to the maximum extent pogsible in“their national and regional publications. Any diverdence
between any IE€ Publication and/the corresponding’national or regional publication shall be clearly indicafed in
the latter. X X

5) IEC itself does not.provide.any:attestdtion of conformity. Independent certification bodies provide confdrmity
apsessment servies\and, insome. areas, /access to IEC marks of conformity. IEC is not responsible fof any
services carried out by independent certification bodies.

6) Al users shduld ensure th\at they have the latest edition of this publication.

7) Npo liabjlity. shall att\ac‘h fo NEC orvits directors, employees, servants or agents including individual expert$ and
membeécs of its techpi¢al committees and IEC National Committees for any personal injury, property damape or
other damage of\any nature’ whatsoever, whether direct or indirect, or for costs (including legal fees] and
ekpenses ariging out\of the publication, use of, or reliance upon, this IEC Publication or any othen IEC
Plublications:

8) Attentiontissdrawn to the Normative references cited in this publication. Use of the referenced publicatigns is

5

dispensable for the correct application of this publication.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
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,
Eledtromagnetic compatibility — Guide to the drafting of electromagnetic compatibility

pubiications.
The|text of this standard is based on the following documents:
FDIS Report on vom
CISPR/A/1118/FDIS CISPR/A/1/T3{/§\\<D N \

N

Full{information on the voting for the approval of thig n beYound in the repoit on
voting indicated in the above table.

Thig publication has been drafted in a¢co irectives, Part 2.

A ligt of all parts of the CISPR 16 series { inder the general title Specificatioh for
radip disturbance and immunity measuyi ethods, on the IEC website.
The|committee has decide Xis” publication will remain unchanged puntil
the |stability date indi¢ated\on the sbsite junder "http://webstore.iec.ch" in the pata

related to the specific p catien. At this date, the publication will be

e feconfirmed,
e \ithdrawn,

e (eplaced by a

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

IMPPDRTANT — The 'colour inside’ logo on the cover page of this publication indicates
that| “it” contains colours which are considered to be useful for the corject
understanding of its contents. Users should therefore print this document using a
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 —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)

CIS

distyrbance and immunity measuring apparatus and methods - ] urbance
immlunity 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 disturbd

— PPart 1-5: Antenna calibration sites.and ref e 1€ or—30—-MHz {1000
% MHz to 18 GHz

— [Part 1-6: EMC-antenna calibration

The

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

further information and background on CISPR and radio disturbances in general;

with

PR 16-1 consists of the following parts, under the general title ecjfication “for n

ws attention to the fact that

adio
and

it is
the

with

gtent

the
b for

clain the use of a patent concerning
mea t no DE 10126830) given in Clause 7.
IEC exidence, validity and scope of this patent right

The : S d the IEC that he/she is willing to negotiate licepces
eithe ¢ asonaple and non-discriminatory terms and conditions
appli bhis respect, the statement of the holder of this p4g
right i

Roh

Muehlda

816

Germany

Atteption is drawn to the possibility that some of the elements of this document may be
subject/of patent rights other than those identified above. IEC shall not be held responsiblg
|denE-f-y|ﬁg—eﬁ-y—e1—e-H—sueh—pe+eﬁl—ﬁg-h(e—.

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

mos

t 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

Scope

surements.

following d@
ndispensable o

hted references)

tric tools and
PR 14=132005/AMD1:2008
PR’ 14<1:2005/AMD2:2011

part of CISPR 16 specifies the characteristics and performance
surement of radio disturbance in the frequency range 9 kHz i@
irements are provided for jg

d in Annex B of any one of the follo

al,

specialized equipment for

\.n%

on of the referenced document

scientific and medical equipment -

pment>for| the
n “addifion,
ance

ttees
f the

standard. CISPR and its sub-committees are prepared to cosqperate \witR>product committees in the

erm
rum

be
6-2-

/are normatively referenced in this document|and
dated references, only the edition cited applies.|For

(including [any

Radio-freque¢ncy

PR 14-1:2005, Elsctromagnetic compatibility — Requirements for household appliances,
imiHar apparatus — Part 1: Emission

CISPR 16-2-1:2008 2014, Specification for radio disturbance and immunity measuring
apparatus and methods — Part 2-1: Methods of measurement of disturbances and immunity —
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

EE

CISPRTR16 HoHANMDA

CISPR TR 16-3:2010/AMD2:2015

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

Amgndment-1-{(1997)

Amgndment 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, belowuthe

Note|1 to entry:

e receiver between two points at a stpted

3.2

CISPR indi Yo

rande speci anufacturer which gives the maximum and the minimum meter
indigations >within i he measuring receiver meets the requirements of this pant of
CISPR 16

33

eledtrical charge time constant

Tc

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
to fall to 0,37 D is the discharge time constant of the detector.

3.5
impulse area
Aim
voltage-time area of a pulse defined by the integral:

+00
Al = | V()

(1)

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

ly expressed in| uVs

Note|2 to entry: Spectral density (D) is related to impulse arg /MHz or dB(uV/MHz). For
rectapgular impulses of pulse duration T at frequencies f << 1/T\ the(rel M MHz) = \/EMOG Aimp uVs)
appligs.
3.6
impulse bandwidth
Bimp

B _ Al)max

M " 2Gy x 4 (2)
0 X Aimp

whefe

A(t)max p the IF output of the receiver with an impulse afea

put;

G, uit at the centre frequency
Spegifica critically-coupled tuned transformers,

Binp = (3)

where Bg and/Bj aresespectively the bandwidths at the —6 dB and -3 dB points

Note[1 torentry: 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.


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

CISPR 16-1-1:2015 RLV © IEC 2015 -13 -

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
d“a da .
T,\% — |+2Iy—+a =ki (5)
dt? dt
wherg
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 pulge (of
consfant amplitude) that produces a deflection equal to 35 % S o7 produced by a contirjuous

currejnt having the same amplitude as that of the rectangul

Note[2 to entry: The methods of measurementand ‘adj educed from one of the following:

a) the period of free oscillation having been adju g 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 that
the overswing is not greater of inertja @ the movement is such that o7 = 0,35« |, .

3.9

overload factor

ratiq of the lev t Cs ¢ mge of practical linear function of a circuit (pr a

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

instqument

Note|1 to entry: h the steady-state response of a circuit (or group of circuits) doefs not

depaft by more : i earity defines the range of practical linear function of the circuit (or group of

circults).

3.10

symmetric

radip-frequency disturbance voltage appearing between the two wires in a two-wire cirguit,
such as acsingle-phase mains supply. This is sometimes called the differential mode volthge.
If 7] is, the'vector voltage between one of the mains terminals and earth and 7}, is the vagctor
voltagel between the other mains terminal and earth, the symmetric voltage is the vgctor
difference (7, -7p)

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

detgctor which provides an agreed weighting function

3.11.4
weithting factor
valu

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

3.11.5

weighting function
weighting curve
relationship between input peak voltage Ievel
measuring receiver with a weighting A
recgiver to repeated pulses

3.12
megdsurement time

I'm

effegtive, coherent time
callgd dwell time)

of the weighting function relative to a reference PRF or relati

r the peak <:>Ct
r the quasi-peak

nvelope

bf a
ring

also

hted

- r the rm

3.13

calibratio

opefation thaf the
quantity values easurement uncertalntles provided by measurement standards |[and
correspofding indications with associated measurement uncertainties and, in a second gtep,
uses this/information to establish a relation for obtaining a measurement result fron} an

indigation

Note 1 to entry: A calibration may be expressed by a statement, calibration function, calibration diagram,
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:

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.

Calibration should not be confused with adjustment of a measuring system, often mistakenly
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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]

3.15

adjustment (of a measuring system)
set pf operations carried out on a measuring system so that it provides prescribed indicafjions
corresponding to given values of a quantity to be measured

Note[1 to entry: Types of adjustment of a measuring system include zero adjustmdent 'of (@~Nneaswing system,
offsef adjustment, and span adjustment (sometimes called gain adjustment).

Note[2 to entry: Adjustment of a measuring system should not be copf itN, oali iQn, \which |is a
prergquisite for adjustment.

Note|3 to entry: After an adjustment of a measuring system, the measyring system\sall usurlly be recalibratpd.

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

3.1¢
coriection
comfpensation for an estimated systems

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

Note[2 to entry: The compensa uced

from fa table.

[SOURCE: ISO/IEC G

3.17
(me
prog gh a
docyimented unbry : inty

[SO

4 Hz

4.1 General

Thelreceiver specification depends on the frequency of operation. There is one receiver
specification covering the frequency range 9 kHz to 150 kHz (Band A), one covering 150 kHz
to 30 MHz (Band B), one covering 30 MHz to 300 MHz (Band C), and one covering 300 MHz
to 1 000 MHz (Band D). 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 when| the
instiument measures a sine-wave signal with 50 Q resistive source impeda

4.4 Response to pulses
4.4.1 Amplitude relationship (absolute calibration)

Refgrring to Table 1, the response of the measuring rece a of
a) uMs (microvolt second) e.m.f. at 50 Q source impedance ' iforry p to
at Igast b) MHz, repeated at a frequency of ¢) Hz shg a qual
to the response to an unmodulated sine-wave signal at 1 5 m.f.
of rms value 2 mV [66 dB(uV)].

Whegn external preamplifiers are used,\efen{o\A

The the

sam

NOT

F AnnexesdB@and C describe methods for determining the output characteristics of a pulse generator fof use
in teqting the require

nts 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 e.g. 20 dB(nV), 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 PU:OU IUO}JUIIOC ;O ICOtI;\Jth duc tU UVCI:UGd Clt thc ;Ilput tU thc IC\;U;VCI Gt flcqu0| CIeS
aboye 300 MHz. The values marked with an asterisk (*) in Table 2 are optional and -arg not
essential.

Table 2 — Pulse response of quasi-peak measurin

epetition Relative equivalent level in dB of pulMte b?l\d \
requency Band A Band B ndC _ >\ \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 S \ ~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 &o,om >+14,0i 1,5 14,0+ 1,5
5 +7.54 (6 (\\_ \) N - -
2 13,0 2}\ (\+20\,6\_ 0 ) 126,0 + 2,0 126,0 + 2,0

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

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

*  These values are op{ionahNand™ot'e W

= T

NOTE 1 i Ivercharagteristics upon its pulse response is considered in Annex D.

NOTE 2 The relationships the pulse responses of a quasi-peak receiver and receivers with qther
detgctor types g iveQ\ g ang?7.5.

NOTE 3 eoretical~pulsg response curves of quasi-peak and average detector receivers combined op an
absolute s in Figure 4. The ordinate of Figure 4 shows the open-circuit impulse areas in dB(pVs)

corr=spond|ng & uit sine-wave voltage of 66 dB(uV) rms. The indication on a measuring recgiver
with|an input matched to the calibrating generators will then be 60 dB(uV). Where the measuring bandwidh is
less|than the pulse repejifion frequency, the curves of Figure 4 are valid when the receiver is tuned to a disqrete
line jof the-spectrum.

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

NOTE 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

140

130

NOTE-2 The measuring receiver in conjunction with the high- eet| the
reqyirements 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 intermedia

each intermediate frequency.

ned
han
bt at

4.5.3 Image frequency rejection fatio

The|ratio of the input sine,Wsa a ag frequency to that at the tuned frequency
that icatj m i

gasuking receiver shall be not less than 40 dB.
Whegre more than onef\ ¢ cy is used, this requirement shall be met af the
image frequencies cor of intermediate frequency.



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

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

——ﬂ n ] f 220 Hz/ 20 dB
\ /
\ 18 /
\ )
o
KA
g \ /
(o]
£
g —e— Max Bw|
1 .
g \ / ( >I<M|n Bw.
b \ 8 / A‘
g \ | / R
2 —90 Hz/ 6 dB 110 Hz/ 6 d<B\
g /N
4 N
N
3 N
RN RN
45 b7 1,588 NG N
\*/ D NN
~250| | -200-150 . {10050 1o 56\ /1{)% USO 200-{ | 250
IR aum: | 71 ‘ RNy
—Af H2 off mitipand \N{_)
IEC
Figure 5 — Limits of oyverall ty — Pass band
(se 5 , 7. and A)
N
X l q , g
N\ | \1{ /
o <
z \ /
5 \ / /
2 N\ 3 /
3 ] /
S AN N /
5 AWAN / o— Max. bandwidth
@ < S ¢ .
§ ) AN N 8 —=— Min. bandwidth
L WA ﬂ—4 kHz/6 dB H
= N 5 kHz/6 dB
o
£
o > 3
> ;
5 2 kHz/
e 1,5 dB
_1,5dB
10-9-8-7-6-5-4-3-2-1012 345 6 7 8 9 10
—Af kHz off mid-band +Af

IEC

Figure 6 — Limits of overall selectivity —
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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
Thejratio of the input sine-wave voltage at frey S an those specified in 4.5.2|and
4.5.8 to that at the tuned frequency (that produce same indication on the measyring
recgiver shall be not less than 40 dB. equencies from which such spurfious
resgonses may occur are '
1

(;'j(nﬁ_ + /i) an (6)
whefe

m, i, k

o

fi

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 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



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

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

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 char
ofquasi‘pea
N
Frequency ran#e 4) MHz

9 kHz to 150 kHz (Béntha) > 0.3
0,19 MHz to 30 MHz (84 60

30 NHz to 300 MHz (BR0tC) 560 2 000 300 600
300|MHz to 1 00 Mhy\(B\?f\Q) 500 6 000 1000 2 000
Conpeci'thessi erator output direct to the measuring receiver input and adjusit for
a cgnveni i titute the pulse generator for the sine-wave generator and adjust
for the same ding. The pulse repetition frequency shall be 100 Hz for Band A and 1 000 Hz
for the other ban

With the pulse generator connected as described above, switching the filter into circuit ghall
intraduce _attenuation of not less than 36 dB for mnaellring 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

mete

r indication will reach a point, §4, where (S + 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.

4.8 Screening effectiveness

4.8. General

Scrgening effectiveness is a measure of the ability of the measuring rec
electromagnetic field without degradat|on The requirement applies ore
withjn the "CISPR indication range" specified by the manufacturer ag’®

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
meagsuring receiver is not immune to the require
frequency at which the error exceeds 1 dB shall be

be performed as described below.

The|receiver is placed inside a screene iver
via @ 2 m long well-screened cable (e.g sure
wall | be
at t the
manufacturer of the receiyer. ap,terming i i din
theit 3

Only ring
recei be
conel ise.
The ired
by 4 fi

The iffer
by n

4.8. 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
terminals) shall not exceed the Ilimits for class B equipment given in 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-instrument measurement result.

5 |Measuring receivers with peak detector for the frequency ra 9 kHz to

18 GHz

5.1 General

Thig clause specifies requirements for measuring receivers eriploying a ) hen

Spegtrum analyzers and FFT-based measuring instru e this
clause can be used for compliance measurements. iSgd easyrements, FFT-based
megsuring instruments shall sample and evg the
megsurement time.

5.2 Input impedance

Thelinput port of the measuring receivers shall be &
withjn the CISPR indicatiopnrange, the\no inp

not {o exceed the values i

alanced. For receiver control setfings
mxpedance shall be 50 Q with a V§WR

ments for receiver input impedance

%\W RF attenuation VSWR
dB

SkH2to 1 GHz 0 2,0 to 1
\Q kH2o 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

Symmetrie=input impedance in the frequency range 9 kHz to 30 MHz: a balanced ihput
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)

a Since the response of a peak measuring receiver to non-overlapping pulses is proportional to its impulse
bandwidth, either the actual bandwidth is quoted in the result or the level may be quoted as "in a 1 MHz
$andwidth", calculated by dividing the measured value by the impulse bandwidth in MHz (see 3.6). For dther

pes of broadband disturbance, this procedure may introduce an error. Therefore, d measured with the
eference bandwidth shall take precedence.

b The bandwidth selected shall be defined as the impulse bandwidth of the measurjrg a tolergnce
f+10 %.

5.3.2 Charge and discharge time constants ratio

In ofder to achieve a meter reading within 10 % of the tr tion

rate|of 1 Hz, the ratio of discharge time constant to ¢ o or

gredter than the following values:

a) 1,89 x 10% 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

If thle test receiver has & pea yabi lues

between 30 ms and 3

NOTE For receivers that ction

techniques, the req ent &n the ction

of the¢ display-may can“be % Si

If a jspectrum an 8 Sr_peak measurements, the video bandwidth (B,,4¢,) sha|l be

set [to a vg or equal to the resolution bandwidth (B..,). For peak

meas pe read from the spectrum analyzer display with the detgctor

opefatin i e-linear or logarithmic mode.

5.3.3

For |peak-smeasuring receivers, the overload factor does not need to be as high as it ig for

othdr types of measuring receivers. For most direct-reading detectors, the overload fgctor

shal] besslightly 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

outp

ut 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 103 0,21 x 103 6.1 \ }
Band B 0,148 x 10~ 9,45 x 10° N\ \ 66
Bdnds 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 bandwidtf\only tsee/Table 6).
NOTE 2 The values in this table result fromi\the nomyal specif cat of thg detector weighting functipns.
Thegefore, verification by a calibration laborafory is\noKrequirdd.
~__~
Abope 1 GHz, the required impulse area js_defined using a pulse-modulated carrier af| the
frequency of test, since pulse generator a ifofm spectrum up to 18 GHz are| not
feaglible. See E.6.
5.6 Selectivity
Singe the band 5.3.1 allow variations from the bandwidths shiown
in Flgures 5, 6 ant'7 rves apply to peak measuring receivers in regafd to
shape only, and shall be scaled accordingly. For example, |Bg/2
corresponds to 1
Thelrequirem and 4.5.4 apply.
The|curve é overall selectivity of the measuring receiver reference bandwidth
for Band E sha in the limits of Figure 9.
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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
orienfation.

e redated filter attenyation
jdths have been givgn for

NOT
intro

he of

5.7
For requiféments stated in 4.6, 4.7 and 4.8 apply.
Sub \ :
Ina
— |
- : en measuring low level spurious signals in the pres¢nce
q ynal for certain equipment-under-test, insert a filter at| the
internally or externally) which provides adequate attenugtion
2 ency to protect the input circuits of the receiver from overload|and
g 3 RO prxeveot the generation of harmonic and intermodulation signals.
- ay’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 adequatg.

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 mpaquring receiver shall he unbalanced For receiver cantrol qpﬂ'ngs

withjn the CISPR indication range, the input impedance shall be nominally 50 Q with a M3WR
not fo exceed the values stated in Table 5.

Symmetric (balanced) input impedance in the frequency range of A\k g {z: uge a
balanced input transformer for symmetrical (that is 3 . (The
preferred input impedance for the frequency range of 9 kHz to 15C i . etric
input impedance may be incorporated either in the relevant\sym ica ifi vork

required to couple to the receiver or, optionally, in the meagu

6.3 Fundamental characteristics

6.3.1 Bandwidth

The|bandwidths shall lie within the values i 8

Table 8 — Bandwidth requirements for measui eceivers with average detectol]

Frequency range/\ / \ (-\B\Qn\qwidt}tys Reference BW
9 kHz to 150 kHz (Band A) \N@ Hz toM) Hz a 200 Hz (B,)
150 [kHz to 30 MHz (Band % NMG kHz 2 9 kHz (B,)
30 NIHz to 1 000 M((z (\%n% c anc@) g KHz to 500 kHz 2 120 kHz (B,)
1 Gfiz to 18 GHz (Band &) 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 statethwhenithe ance Ievel is reported.

ined as in Table 6.

6.3.2

For receivens wi
a pUylise repetition rate of n Hz shall be B,

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

/n, with B; . in Hz.

imp imp

Thelreceiver shall not overload for pulse rates equal to or greater than 25 Hz for Banfd 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 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
signjal 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 shallbe the same:” |The
pulses shall have a uniform spectrum according to data shown in Table . —het
b e Zomd AL 00 Ee o 2onel b onel £ 000 = o Sonc e ance of-25
eLB#—Qé—dB 1,5 dB/- 1 ,5 dB is permitted on the sine-wave voltage leyel

NOTE 1 At repetition frequencies of 25 Hz, 100 Hz, 500 Hz, 1 000 Hz and § iZ, ip between the
indications of an average and a quasi-peak measuring receiver of the sa dwidth, suming adequate
overlpad 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 dthAfree e te o S
t|o uas eé&vera e indications (dB)
Frequency range of tition rate
measuring receiver
00 Hz 1000 Hz 5 000(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 NIHz to 1 000 MHz (Bands E\Qnd\m\( \\/ (38,1) 26,8

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

NOTE 2 Values in ﬂ i i )
NOTE 3 The valuesAn AR e nominal specification of the detector weighting functipns.

Thegefore, verification/\ i i s not required.

Abope 1 GHZ ( medes of the average (weighting) detector are defined - lipear
and [logarithmi

For the line ctor, the response of the measuring receiver to pulses of repetjtion
rate|n Hz and\impulse, area of 1,4/n mVs e.m.f. at 50 Q source impedance shall be equal to
the fesponse_of an~urimodulated sine-wave signal at the tuned frequency having an e.m|f. of
rms|value ~of 2 mV [66 dB(uV)]. The pulse shall be defined as a pulse-modulated carrier.|The
valule of .»n shall be 50 000 Hz. A tolerance of + 1,5 dB is permitted on the sine-wave volfage
levek

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
detgctor 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

able
oad

A tqglerance of +3 dB to —1 dB is allowed in the frequenc
repgtition frequency to a frequency equal to B;/2
congiderations.

NOTE 1 The theoretical pulse response curves of quasi-peak and ayerage i , i n an
abso|ute scale, are shown in Figure 4. The response to repg s of t i i ith a
logarfthmic average detector (above 1 GHz) isi \ i . ing the
following values:

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

Ly is the pulse level in dB(uV);

Ty is the duration of the notse(level;
Ly is noise level i

then the following a

(7)

EXAN 85 dB(nV) and the noise level Ly is 8dB(uV), T, = 1/Bimp =[1 us,
the p S Or then\7, ~ 9 us. From this equation, Liggay = 15 7 dB(unV). In reality, L logAv IS higher
beca i ghe cause the pulse signal at the IF output does not drop to noise level immediately after | us.
NOTE 2 A toleraqce is uhder consideration.

6.5.4 Response to intermittent, unsteady and drifting narrowband disturbances

The|response to intermittent, unsteady and drifting narrowband disturbances shall be such
that the measurement result is equivalent to the peak reading of a meter with a time constant
of 160 ms for Bands A and B and of 100 ms for Bands C and D, as depicted in Figure 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
logarithmic average detector, the requirement is under consideration.

It is

maximum reading listed in Table 10 for a radio frequency sine-wave inp

with
tole

deduced from the above requirement that an average measuring receiver shall yield
t signal medul
ted in\the tabl

repeated rectangular pulses having the duration and period indisg
ance 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

D
e

the

ated

. A

Repgated rectangular pulses for Band A/B receive/\ X\ Banu.G/D receiver
VAN

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

Duration =Ty, \)
0,353 (=-9.0d 0,353 (= —9,0 dB)
Period = 1,6 s

NOT|

F In Band E, this applies for the linear av age\iQéc\tor ORMY. \ /

NOTE 1

5V (AV) Time s JEC

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 o

utput 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 s

pectrum 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
shall lie within the limits of Figure 9.

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 1430 kHz and
150 HHz (for example, mains signaling equipment as defined in EN 50065-1 [18]2), a K| i ay be gddded
in frgnt of the measuring receiver to achieve the following combined selectivity o i eivel and
high-pass filter:

Frequency Relative(attenuatjon
kHz B
150 NN
146 B\

145 (O SN 0
A\STASEN
130 ( N e oUsg”

s filter should meet the requiremgnts

The|measuring receiver in conjunction
of this standard.

-P

6.7 Intermodulation effects i i screening
The|requirements jn 5.
7 |Measuring reg average detector for the frequency range

7.1 Gen

RM$-av sceivers employ a weighting detector that is a combination of| the
rms|detecto epetition frequencies above a corner frequency f.) and the avefage
detdctor (for_pwise repetition frequencies below the corner frequency f), thus achieving a
pulse response cuxy€ with the following characteristics: 10 dB/decade above the cdrner
frequency and 20 dB/decade below the corner frequency.

Spe.,tlum dlld:yLClb aIICII FFT'bdbUd IIIUdbuIilly illbtlulllclltb that IIIUUt thc |cqui|cu|c||ta Uf 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.

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

1 GHz to 18 GHz 10 2,0to1

Sym
me3
freq
inco
rece

7.3
7.3.

The

7.3.

Abo
detg
corn
valu

NOT
an rn

The
Tab

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

metric input impedance in the frequency range 9 kHz to 30 MHz: to

erm|t symmet]
surements, a balanced input transformer is used. The preferred input i

lency range 9 kHz to 150 kHz is 600 Q. This symmetric inpyt\} ce\ may
rporated either in the relevant symmetrical artificial network n toJeotiple to)
iver or optionally in the measuring receiver.

Fundamental characteristics
| Bandwidth

bandwidths shall lie within the values of Table 1

Frequency range \_%dwidth
9 kHz to 150 kHz (Band A) / 200 Hz (Bg)
150 kHz to 30 MHz (Band B)  \ (N / 9KHz (B)
30 MHz to 1 oor(MQx\(Bgﬁis\s\}»q ) 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+

fied below, the overload factor for circuits preceding
ate of n Hz shall be 1,27(B4/n)"2, with B; in Hz. Below|

s detector_and betew’which the rms-average detector has the slope of a linear average detector.

minimum pulse repetition rate without overload shall conform to the values give
e\138.

rical
the

be
the

—*

or

the
the
the

5 like

Table 13 — Minimum pulse repetition rate without overload

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.

7.4 Sine-wave voltage accuracy

The ove
1 GiHz) when the receiver measures a sine-wave signal with a 50 isti urce
impedance.

7.5 Response to pulses

7.5.1 Construction details

The|detector function can be represented by an rms de i ines
rms|values during periods of time equal to the reciprog S 9 . These
rms|values are then passed through a second orde i g the
critically damped indication that is specified for the qua ‘ i nt of
whigh is defined up to 1 GHz. For Band E, the stany i . iation
with|time, the maximum output of the | i

NOTE Annexes B, C and E describe methods s for
use ip testing the requirements of this clause.

7.5.2 Amplitude relatjenship

The|response of the me uVs
e.mf|f. at a 50 Q sourc ighest

tungable frequengyof E > 3 , cies

of thning, be ned
frequency having s B,
C, urce
impgedances of t ¢ . i 2. A
tole b i

NOT cy of
25 H iopship
betwe ien in
Tablg

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

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:

P o ol 4 I b e £ A =1
alrfpimuuc propurtolrial tU (TSP CLUtiulT TTTYuUcTIIUy) .

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 \kan\gE
He NS

100 k - - (2002000 \20¥2,0

10 k - - 9?0{1,}\ 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 1.9 +20 £ 2,0

7.5.
The uch
that|{the measure result is equivalent to the peak reading of a meter with a time congtant

of 160 ms~for Bands A and B and of 100 ms for Bands C, D and E. This can be accomplighed
by the/meter-simulating network (analog or digital) to which the rms values described in 4.5.1
are pused as input.

It is deduced from the above requirement that an rms-average measuring receiver shall yield
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.


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

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

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
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 s e of

Figures 5, 6 and 7, for Bands A, B, C and D. For the Band E recei eis

giveh in Figure 9.

The|requirements of 4.5.2, 4.5.3 and 4.5.4 apply. For are

under consideration.

7.7 Intermodulation effects, receiver noise,

For the frequency range below 1 GH S / and 4.8 apply. Subclalises

4.7 and 4.8.2 also apply for Band E.

For Band E, the following applies:

— tlequirements for interg

— preselection filter: |y " ong
undamental signal frem in i nder test, a filter shall be provided at| the
input of the i i re adequate attenuation at the fundamgntal
requency to ts of the receiver from overload and damage, and to
revent the gene - apd intermodulation signals.

NOTE 1 30dB a a at the fundamental frequency of the equipment under test is normally

ddequate.

NOTE 2 N f Yay be required to deal with more than one fundamental frequency.
Requirements creening effectiveness, i.e. the immunity to high ambient radipted
distdirbanc ~ consideration.

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

APD of disturbance is defined as the cumulative distribution of the “probability of time that the

amplitude of disturbance exceeds a specified level”.

APD can be measured at the output of the envelope detector or the 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
may be attached to, or incorporated in the measuring instrument.

and

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
spegifications is provided in Annex G.

. Ipecifications
) The dynamic range of the amplitude shall be greater than 60
b) The amplitude accuracy, including threshold level setting & han

) The maximum measurable time of a disturbance sha min.
The intermittent measurement can be used if t i ss th lotal

&) The APD measuring function<sha ude
levels. The probabilities correspqnding assi Lired

1) The sampling rate 3 ond

¢ Recommended specifi

) Amplitude/ resols
measuringnequij

NOTE APD measuremie

\PD

9.1

Distprbance a tion
of discontinuous distufbances (clicks).

A ‘c‘ick’ 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 Fundamental characteristics

a) 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
fsturbances.

b) The analyzer shall be equipped with a channel to assess the quasi-p amplitude |of a
disturbance.

c) The amplitude in the quasi-peak channel shall be measured 250\ ast falling
¢dge in the IF channel.

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

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

+ the incidence of disturbances o
disturbance.

ous

NOTE 2 An example of a disturbance analyzer

f) or validation of the fupdamental charac i nce
¢heck with all the wa \

Figure 13 presents

Figure F.1 presents the
performance<f:§:k epti fr 2.3
of CISPR 14-1:
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Test ] IEvaluation by
No. Test signal | the analyzer
|
| -
1 0,11ms/1 dB A 1 click
9,5 ms/1 dB |
2 I 1 click
Backqground: noise or CISPR pulqpq 200 Hz- -2 5 dB (QP) ]
190 ms/1 dB
3 click

Background: noise or CISPR pulses, 200 Hz: 2,5 dB (QP)
hexthanycligk
4 1333 ms/1dB /\
—
|
5 210 ms/1 dB Other than click
I

\) I
30 ms/5 dB 30 ms/5 dB |
4 I 180 ms I /(> @ | Other than cligk
30ms/5dB 30 ms/5 dB > !
] 130 ms | 1 cli
click
I I ('\

30 ms/5 dB 30 ms/§_dB |

g 210 ms | 2 clicks
|
| Other than cli¢k
g9 ||||||||||| n. 21 pulses/0,11 ms/periodicity 10 ms/1 dB

|
|

10 | 1 click
|
|

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

11 L. [ 2 clicks

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

|

12 - Band B: 1 166 ms/Band C: under consideration \ : 1 click

30 ms/-2,5dB/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
g?i?l:lslf:: of impulses f
S individually adjusted in the . Graphical presentation of
z relative to QP . intermediate Sfe_paratlnon the test signal measured
a requency output of impulses : s
2 . ’9ff'e“°‘f*th A e o™ | or neriodicity | Evaluation by | . " the IF-output and |
Indication o e e assocrated
measurement me?escuerit‘e’r:fnt (IF-output) the analyzer relative to the referenZE
receiver ms
dB ms
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
1 1 0,11
2a 1 9.5 - § click
\ 22s
3a 1 /\ 1\§K> 1 click
QX\\
7,2's
4 1 1333Pb Other than
click
Aan| %
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 . .
o i divi adjusted in the Graphical presentation of
= individually . . Separation i
< relative to QP intermediate P the test signal measured
I frequency output | of impulses . in the IF-output and
) reference AP P
F | iodicati of the or periodicity | Evaluation by the associated QP signal
indication of the the analyzer N 9
reasurernent measur_ement (IF'OUtPUt) relative to the referenc
receiver receiver ms indication of the
ms me ent receive
dB
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2 A (\
5 1 210 Other than >
click (210 m
N,
Do
A\
\ AN
X ™~
vibH
& W i
)\/ 1s
6 5 5 30 30 1 Other.thaf
chick (240 ms)
AR JNNEE
Qs ] a
RSP e —
7 5 x 30 W 130 1 click
Q X \\
.
8 5 5 30 30 210 2 clicks
LT T
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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 . .
o individually adjusted in the . Graphical presentation of
z relative to QP intermediate Separation the test signal measured
I frequency output | of impulses . in the IF-output and
@ reference or periodicity | Evaluation by - !
F | indication of the of the P y th | the associated QP signal
. measurement (IF'OUtPUt) € analyzer relative to the referenc
measurceimerit receiver . d. t. f th
receiver ms indication ot the
ms me ent receive
dB
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2 (\
9 1 0,11 Periodicity 10, Other than S
minimum 21
pulses
% i
/\ M " W
t e
10| -25 25 30 30 |\ 2 Tolick”
\\)\/ g |
Q |
: /
A \/\ > 1s
11| 25 26 ¢ 190 W 1034¢ 2 clicks d
/\ > RN
N N
Q / N
| N
| -
\\.
'ﬂ‘.l Wl ‘_r.*‘n_, o |
12 25 -2,5¢ 190 30 1166¢€ 1 click
4N
\\
/ N
| N
|
AN
g bt
2s
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Table 17 (4 of 4)

a

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

Observations:

1) The graphical representation is done with peak measurements of a very short hold time (<1 ms) of the
test 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 respanses 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 BSi-
peak threshold is not exceeded
d |If these two pulses are measured as separate disturbances, only one click wilNbe
€ [The correspondent values for the frequency range above 30 MHz be
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 to a
conyenient frequency.
AC red.
A si PRF
cov{ rs 2
and
The time
of th een
110 e of
the p a)
in the test m
The
a) The CW signal_is connected to the input of the measuring receiver used in conjungtion
with thexndisturbahce analyzer. The amplitude of the CW signal is adjusted to bring| the

eter jndication to the reference (zero) point on the meter scale of the measuring receiver
qguial to a value identical to the QP-limit for continuous disturbance. The receiverl RF
Sensitivity (attenuator) control 1S adjusied 10 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.

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.

@%
&
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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.1  General
Thig annex sets out the data for the numerical calculation, and the procedure for establishing
the purve of response to repeated pulses. The assumptions inherent in wethodare jalso
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, ¢ that
defime the overall selectivity of the receiver.
It islcommon practice to consider that'th two
critically-coupled tuned transformers™\arranged ired
passband at the —6 dB points. Any othere ove
for purposes of calculation. The practical sym the
equivalent low-pass filter for ca of the pulse response. The e¢rror
resylting from this approxj
Thel|envelope of the p

A(q) = 4a)0Ge_‘”0@ 1)
where

G

)
The|envelope of theresponse of two critically-coupled tuned transformers to an impulse area
vt ig, from the previous equation:

A(1) = (v BwyGe ™' (sin wot — wyt cos wyt) (A.2)
The corresponding selectivity curve of the equivalent low-pass filter may be written, for << 1/ay:

202
F(f)=Gx “0 5 (A.3)
[(a)o + jof + wor

where o = 2xf.

The

bandwidths B; and Bg will be:
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4 _
li\/_xﬂ‘\/i 1’:|a)0 (A.4)
Bs = = 0,361
T
Bg = M = 0,450 (A.5)
VA

The effective bandwidth of a receiver, comprising an idealized rectangular filter giving the
same rms value of response as an actual receiver, is equal to the power bandwidth Af defined

as:
1 +00
Af = [—2J [ F2(f)ar (A.6)
F —0o0
0
where
F(f) is the selectivity curve;
Fo is the maximum value of F(f) (assuming a single
The|power bandwidth is then, for Fg =
+00
aff= | FA(r)r (A7)
Taking F(f) from Equatio \ e/have:
Afl= (A.8)
this
Af (A.9)
thus|:
B3y F 0,963 Af (A.110)

A.3 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.


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

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

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 by the equation:

dy

dt

whe

Thisg
cong

example:

isold z by methods of approximation) by introducing
place of the constanba ' vhction 4(z) given by Equations (A.1) and (A.2).
Thig case of repea an be solved practically only by arbitrarily assuming a leve
the putput.voltage of octor at the start of each pulse, by determining the incremen
of this ed by\the pulse, and then finding the spacing which shall exist betw
two puccessj es™Nin order to repeat the assumed initial conditions.

A.32 Response of the indicating instrument to the signal from the detector

The| only-simplifying, but perfectly legitimate, assumption is that the rising portion of]

By inserting the
ted pulse or Yepges

|+ UI(RC) = A(sin@ —6cos )
zxSxC
e 6is the conduction angle (U = 4 cos 6).

tants chosen satisfies the above conditions, is found by

in Band A:

in Band B:

in Bands C and\D:

gquation (A.11), this may be solved for eithe

1)

time
for

ran
, in

| for
t AU
een

the

utwoltage of the detector is instantaneous

outj

The

d2
dt

whe

following characteristic equation then has to be solved:
—t/Tp
—f+[T2 cza}%a: iz (A.
M at ) T T
re

o(t) s the instrument deflection;

12)
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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
calculation becomes more complicated. At the start of each pulse, the instrument deflection is
varying and it is necessary to find a solution that takes account of the initial position and
velofity.

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

A.4n Output voltage and amplitude relationship

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

1/2
© A2
Unps = {”I; %dt:| (A.[13)

whefe n is the pulse repetition frequens

Thel|output may also be deduced from fhe frequenc ponse curve as:

U, (A.14)
whe fform frequency spectrum.
This

U (A.15)
Whigh, from Equation’ (A.7), gives:

Unheal2 x vt x fn x JAr (A.N6)

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
VT = \/_ HVs (A7)
J4
or from Equation (A.10):
139
VT =——/1Vs (A.18)
V53
A.42 Calculation of overload factor

The| overload factor corresponding to a pulse repetition frequen

follows.

From Equation (A.16):
1/2
Urhs = (07)x (2n4)
From Equations (A.1) and (A.2), and fg

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

Thug the overload factor:

I

1 as

(A.N19)

A.5 gation of rms meter and quasi-peak meter
The \ e rms meter that states the value of pulse (v7),, for the ¢ase
of 1 JivalentMo a sine-wave signal of 2 mV, is from Equation (A.18):

(v1

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

155

(VT)ms = F
6

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:

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

which is equivalent to a sine-wave
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(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 bandwidth at 6 dB equal to the nominal bandwidths prescribed in Clauses 4, 5, 6 and 7

the following relationships for (v7),me/(07) 4, EXiSt:

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

—)rﬂ =143 dB
(UT)qp

for the frequency range 30 MHz to 1 000 MHz:

(_“)rﬂ =20,1dB
(UT)qp
Thege relationships are valid for a p tion

frequencies, it is necessary to use the co
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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

CISPR 16-1-1:2015 RLV © IEC 2015

For

genegrator technique.

For

capable of producing pulses with the impulse area specified a
frequencies given in Table B.1. The impulse area should

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

repgtition frequency to within about 1 %.

Table B.1 — Pulse generattr(lga}aker\is

enerator is .neefed.

ing_the pulse

| be

e, range \of repetjtion

the

Frequency band of
receiver under test

MHz

@epetl jon frequency

Hz

0,09 to 0,15

T
e

1,2,5,10, 25, 60, 100

0,15 to 30

1, 2,10, 20, 100, 1 000

30 to 36({

(

AN
8044 \

1, 2,10, 20, 100, 1 000

300 t+\\()00

1, 2,10, 20, 100, 1 000

N\GeeNots)
abl

\s&> of producing pulses of adequate impulse
s uniform as possible.

The
the
ban
the

spectrum\'sheuld

e generatoryshquld
area\with a spectrum<yp to

e C
000NVIH
N4

'eceiver.under fest. The spectrum may be regarded as satisfactorily uniform if, within
i, thie variation of the spectrum amplitude is not greater than 2 dB relative to its valu¢ for
ower frequencies within the band. The impulse area at the measurement frequency ¥

the

3 ariation of the equivalent voltage at the input of a measyring
nt bandwidth.

pe substantially constant up to the upper limit of the frequency band of

this

hall

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, Bg 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

i -
roducing on the oscilloscope a deflection equal in amplitude to t
ulses.

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

The|measurement is repeated for various test freque

The|spectrum of the pulse generator is given b
frequency.

Thelreceiver used should be linear for the

The|suppression of parasifis_respanses

The| measurements mg
using the quasj i
frequency of the

eak of the

and
RF

hent

Ses,

ion,
tion
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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)

C.1  Measurement of impulse area (4;,,)

c.anf General
Theoretical and practical investigations have shown that, when applied \ onable dare,
accurate methods of measurement include those given in C.1.2 to C.15
c.1.2 Area method
The|pulses to be measured are fed through a narrow band filter 3 d at
frequency f having a symmetrical amplitude characten 3 ase
chatacteristic (in conjunction with a filter, an amplifier r din
its linear range).
The|total area under the envelope A(z/) of the into
account the sign of different parts of is W the
equation:
~+00

2(fimp) = S(f)= [ A (6. /)it 1)
whe

S(/)

At S
In a ‘ uati p bermediate-frequency amplifier of a low-frequency receivégr or
a di s to
tung ifier
is ta
In g variation of this method for pulses of duration much shorter than the period off 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 oscilloscopg 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:

4, =K 2 (C.2)

P—oF  JF

whefe 7 = V2 is the peak value of the k-th harmonic.

The|pulse generator may then be used to calibrate the pulse res 3 ¢ of a
megsuring receiver in which the bandwidth is sufficiently widexto A onic
comjponents (approximately 10 or more within the 6 dB bandwi

C1p Energy method

(resistor) with [that
this method is sgme-
ethod may be usefyl at

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:

C.2| Pulse generator spectrum

C.2. | be
kno

C.2.

C.2. not
depg

C.2. : piiance with 4.4, 5.5, 6.5 and 7.5, the generator frequé¢ncy
speq ) nt is
congi

a) i e/frequency spectrum is substantially linear with respect to frequency

ithin<the frequency passband of the receiver, and the spectrum irregularity does| not
¢xceed 0,5 dB within the receiver passband measured at the —6 dB points;

< G H >—S aP-e+S R— A 2 < H g rICy
of the receiver, and if the spectrum width at the —6 dB points is at least five times greater
than the receiver passband at that level.

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

Influence of the quasi-peak measuring receiver
characteristics on its pulse response
(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 time

constants plny the maore important role No tolerance has heen stated for these

ime

congtants, but it is suggested for guidance that a value of 20 % is considered reasonable,

It is
mos|
accy
pres

Exa

critid
to 100 Hz.

| be
the
ants

ting
nost
) Hz
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E.1

Annex E
(normative)

Response of average and peak measuring receivers
(See 6.3.1)

Response of pre-detector stages

It is shown in [19] and [20] that the area under the envelope of the impulse response curve of

a narrowband circuit having a symmetrical frequency characteristic is independent of| the
bangwidth, and is given by:

—+f

A (t)dt = 201Gy 1)

—of
whe and
Gp i$
Thig Jlope
is ch , itmay
be n b, In
the ¢ e.
NOTE scillatory. Therefore, the calibration |error
intro g with a biased tolerance of +2,5 dB/-0|5 dB

in 6.9.2.

As
prog

The

Inv
an g

E.2
For ad’ factor and for use in connection with peak measuring receivers, it
is ugeful to defi guantity known as the effective impulse bandwidth of the pre-detgctor
circlit as fallows:
BI L - M (F 2)
2Gy

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 = (0 9244 ja)o = 105B6 or1 31B3

whe

re Bg and By are defined in 3.6.

(E.3)
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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

Af|mp
Afe dB
o
\

Single-tuned stages

;3///

1,10 —

o5 / (\
.
/ Double tuned stages critical coupliQ
1,00 — \ >

0,95
1

Correction| factor

IEC

Figure E.1 — Correction factor for eg /B¢ for other tuned circujts

imp

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

At g repetition rateNo
average measur
at the tuned frequex
impedance as thepyls

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

orle 22 X (4.4)

At a|repetition 100 Hz, vris 14 pVs.

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

for the frnqnpnr‘y range 015 MHz to 30 MHz:

W7)ave _ 359 qB
(V7 )gp

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

tion
tant

ring
ned

6)

see
nin

peak

that:
Re 4 (TC}
— = — E.5
R A Tn (E-5)
whefe T and T, are respectively the charge and discharge time constantg.
For pxample, if it is desired to have the receiver read at least 90 % epet
rate|of 1 Hz, it would be necessary to have a discharge-time consta & time gons
ratiq of:
1,29 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., regdaire
recgiver equivalent to the response| to
frequency of rms value 2 is:
14 . .
—1— mVs (with Bjmp[in
Bhnp
Frorp the 6 dB band le H.1, the B;,, values are obtained as 1,058
E.2)[ These valu e\corresponding Aimp values required for a peak meter are show
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 values given as a) in Table 1 for 4;,, 4, the ratio of 4, o, t0 4jmp.
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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i i %E: : 1 Rp = Discharge resistance (Q) :
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‘ e
1T
8 I
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)
1l 11101t B
:::::uh}
0 [ "
1p- 10
o
IEC
E.6
Pulg 2 nse
of measuring recgi o0 pulses and to verify the amplitude relationship of
vari ; it is practical to use a pulse-modulated carrier tungd to
the se width shall be less than or equal to (1/3 Bimp). The accuracy
of the impulse widthois\impariant for the precise generation of a certain impulse area as
reqyired ant subclause. In addition to a measurement of the pulse duration using
an ( duration of a rectangular pulse can be verified by the distance
between the mingima 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
areg (e.m’f.) of 1,4/ Bimp mVs is required, that is, 1,4 nVs for a response equal to that gf an
unmiodulated sine-wave signal tuned to the receive frequency having an e.m.f. with rms vialue

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.f.) equal to an
unmodulated sine-wave signal at the receive frequency having an e.m.f. with rms value of

2 ml/ [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 with a Bimp
of 1|MHz.
For|a measuring receiver with an rms detector, the impulse an
unmodulated sine-wave signal at the receive frequency having~an\e le of
2 mY [66 dB(nV)] shall be 44(B51/2) uVs for pulse repetition<rate ulse
bandwidth B, ulse
areg is 52,6 nVs, that is, 31,5 dB higher than for the peak b of
1 MHz.
£RBW 9
VB khiz 61,99 dBuv
Ref. 90 dBuV ttogé gw}w @1 00 000 00 MH
i /\f ¥ 1
80
1PK & >
CLRWR
70 < {\ \f\s)
. /JA\>

11 VRSN

5 PRN

RSN AR

3@&\‘ Y\\Qﬁ \ \\/ \\ a

20

IAN
-10
Center 128 MHz 5 MHz Span 50 MHz
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 ||cing two measurements. Under certain circumstances_ the inpr‘fi\/ity curve of a
megsuring receiver can also be used to calculate B;,,, (as described in method 3), since B;y,
is the “voltage bandwidth” of the measuring receiver (not to be confug Wi wer
bangwidth or equivalent noise bandwidth, which determines the rms vait i oise
wheh using the rms detector of the measuring receiver). B, mp is det i y ivity
curve of the IF filter, the (possibly non-linear) phase response € deo
bangwidth of the receiver. It is wider than Bg, but there is no ge ship
between B;,,, and Bg or B3 of the receiver.
E.7.R Method 1: Measurement by comparison of the*response ; ses
with identical amplitude and width but wi ' S
frequencies (prf)
This method applies a pulse-modulatg ig i { i n in
Figure E.4 and two different prfs. Witk theMi R : i the
carrler frequency as shown in Figure E i 3 v will
appe¢ar as a broadband signal as in Figure .[The

pulse shape (amplitude U, and duratio beN Hz,
fp1 gould be selected to be 80 MHz ana

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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Voltage

! Frequency
fo-1 fo ot L i
T T :
| 2 ' 1 |
! T ! T
IEC

Voltage

RMS value of peak
of transient response

Frequency
IEC

imp Much wider than the prf

With the first eeasure amplitude U, can be expected as Up = Uy x 7x f,q. [Low
e achieved by a high signal-to-noise ratio. But care shal|l be

measurement uncertai g
taken to avoid, overload \Withvthe second measurement, the maximum response of the|rms
value of i ansient can be expected as U, = Uy x7 x Bjy,,. If the product Uy x ¢

th measurements, then B;,, can be calculated from the |two

is perfectl
measurementresults as shown in Figure E.7 using Equation (E.2):

p
Bimp Sp1 X ——
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————————————————————————————————— Up = Uy x Tx [

Receiver response

Up =Uyx 7% Bimp

Up &
1
1
1
T
1
1
1
1
1

fp >> Blmp

E.7.B
al

If a pulse generator that retains a constant ampk not
available, method 2 can be applied wi X i $sed on the same pringiple
as method 1, i I gh prf signal, the seq¢ond
megsurement is made with a filter muc ¢ A he method is also descrjbed
in C{1.5.

This method determines the 5 ity D\using the equation D = Uk/f wherg U,
is the measured voltage “af ohg i i.e\the carrier frequency, if the S|gnal is a
pulse-modulated carrie er li - ¢/ receive frequency, at which By, is t¢p be
megsured) and f, is the prfN\Agai shalNbe much higher than the narrow bandwidth|and

much lower tha £. Bnarrow € fp « Bimp- Example settings coulf be
Bhartow = 9 kHz, MHz The method requires a comparison of| the
responses of the ~ i arid of the filter to be measured by applying an
unmlodulated sing h filters and deriving a correction factor ¢ for| the
calcplation of D being the value for the wide filter and U, being the vplue
for the narro D = cxUlf,. When D is determined, U, is measured with the

- p
peak detestorand B; an bs.calculated using Equation (E.2).

E.7.4 : : edgration of the normalized linear selectivity function

Thig method-has the/advantage of high precision and is applicable for filters with a perfe¢ctly
linear seleetivity function (e.g. digital filters, or per specification by the manufacturer) |and
whefe{the video bandwidth is much wider (e.g. 10 times) than the impulse bandwidth

(Bvi g0 > Dlmp/

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) t{he 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 whi QP level

imit for continuous disturbance;
e) an indication that the appliance failed the test, if it is clea

pbxceptions can be applied;

f) {he time interval from the start of the test to the o
inder e);

g) the total duration of disturbances other than gh 3 vel limit of which exceedg 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 | Egyajyation in the IF output and
indication of the of the periodicity by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
TETEIVET TETEIVET ms indication of the
dB measurement receiver
ms
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
< {
1 1 0,11 1 click N
<10 ms
NN
\ 3
AN
De \><
N
bR
<\ 6 )\/ 500 s
2 1 9,5 N Dolick”
< <10 ms
Q \/ P \
/\<\/\\/x 500 ms
3 1 103\ 1 click
>10 ms,
<20 ms
$ %
/ gl e 1) il
Al

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
|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 periodicity by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
TECEIVET TECEIVET ms Thdication 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
% =
\> A b b | "
6 i
( ™ 500 s
5 1 21 N Detick”
< 520 ms
/\<\/\\/¥ 500 s
6 1 190 1 click
> >20 ms
- —
$ p T~
a—
(]
7 5 5 210 210 150 IF
only once per
program cycle
or per
minimum ——
observation ] ™~
time: counted .
as
1 click >20 ms
(See E2 and
Note 1 of this
table, = - - - - - - .
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 ‘
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 periodicity by the QP signal relative to the
measurement measurement (IF-output) analyzer reference indication _of the
receiver receiver meastrement-reeeiver
ms
dB ms /N
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2 /\\
AN
8 5 5 220 220 190 FAIL
Continuous
disturbance N \
(See E2~and \ |
)
< 1s
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 fhe
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:

2 clicks >20 ms

(See E4 and
Note 1 of this
table; also see
Note 2 of this
table)

e
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Table F.1 (4 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 periodicity by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
TETETVET TETETVET ms indication of the
dB ms measurement receiver
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
OTHERWISE IF
ring
3
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 ngt
) e is required.)
% 13
12l | 20 @ 15 5N\ Pllse 1+ |35 clicks < 10 ms
Pulse 2, .
< ?e;eated until |8 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 Lo .
between each |NO exception is applicable.
impulse is After application of upper quartile methogd
13 s the final result will be “FAIL” because thg
click amplitudes are too high.)
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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”)
In program-controlled appliances, a combination of clicks in a time frame less than 600 ms is allowed once
per selected program cycle. For other appliances such a combination of clicks is allowed once during the
minimum ohservation time . This is also valid for fhnrmnefnflr‘nll\/ controlled three- nhnen switches r‘nlmm
three disturbances sequentially in each of the three phases and the neutral. The comblnatlon 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 the ks\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 rhaximum duratiop of

NOQTE 1 The analyzer has to apply exceptidn

NQTE 2 The check wave forms 11 and 12 can\pass™ i e exception E3 can be applied, as the
following calculation shows:

e [ Including the click at “0” seconds for the ¢hec

{ waveforms and 12, the required 40 clicks are counted
after 13 s x 39 = 507 s, i.e« i ate s 5 = 4,734 (less than 5 as required — here 3l

depends on whether 90

NQTE 3 The relaxation i lickshaceaqrding/to CISPR 14-1 is: 20 x log (30 / 4,734) = 16,04 [|dB].
Therefore the check wavefor i 20°dB over the limit) never can pass the upper quartilg
check according t SP t no more than 25 % of the clicks are allowed to excged
the click limit. {%

a Test signals used f Wth the evaluation of the exceptions from the definition of a glick

gccording to CIS

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

5
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Test Evaluation by
No Test signal I the analyzer
L
|
1 0,11 m/1 dB | 1 click <10 ms
|
2 9,5 ms/1dB I 1 click <10 ms
|
3 I 10,5 ms/1 dB /11 ¢lick >10 ms, <20 ms
|
4 I 10 met B ¢\ |1®<10 s, <20 ms
|
5 I 21 ms/1 dB ¢lick >20 ms
\ \> 1 click >20 ms
6 I 0 "5
v 1 click <600 ms
7 210 ms/S dB 210 ms/S dB (\ N I(DUT programme-corjtrolled)
|
\_j Continuous
8 220 ms/5 dB >600 ms
! 1 click <600 ms
190 ms/5 dB | (counted as 2|clicks
9 I— refrigerator nule)
T
for N <5 - 2 cligks
| for N >5 - continuous, or
10 50 ms/5 dB 1 click <600 ms
- s, Ifor programme contfolled DUT
11 15 ms/20 dB /\ | 36 clicks <10 ms
13s-f\13s 13 | I 13s I 3s Irepeated up to 40 counted cllcks 4 clicks >10 ms, K20 ms
|
12| | 18ms/2 N8 puldes/5 ms/20 dB v | 35 clicks <10 ms
Msl 13 SI 133| 13sf 13s repeated up to 40 counted clicks I5 clicks >10 ms, <20 ms
I IEC
Figure F.1 — A graphical presentation of the test signals used for

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

The dynamlc range of the amplltude is defined as the range necessary to obta|n the APD.

I
gervice to be protected. However, the spectrum ana
gpecified as 1 MHz for the frequency range
J:erefore be greater than 10 million samples per
c) Maximum measurable time
s of
i APD
:F y is
lfmited, ipds.
T time
is less than 1 % of th
d) Minimum measurgh
bout 100 oc | the
inimum me@
ssuming 2 min
fate, the probabili
e) Disple
The a and
s to
less than 0,25 gnge
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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Input
O—

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 o.h
TR
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

character

istics of such an instrument and do not describe the

specification of individual components and subassemblies of the instrument. The responses to
pulses as specified in 4.4 are calculated on the basis of the measuring receivers having the

following fundamental characteristics.

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

spe

(<]

ific receivm termined, by

design to meet the requirements in 4.4.

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

Banfiwidth at the —6 dB points, \ \/
By it kHz 0.20 /\9 W 120
Detgctor e_IectricaI charge time 45 \ \ \/ 1
congtant, in ms
Detgctor electrical discharge time \/
congtant, in ms 500 (\ /\16 550
Mechanical time constant of critically N\ U

T ) 1 16 100
damfped indicating instrument, in ms
Overload factor of circuits preceding (A \

) 24 30 43,5

the getector, in dB ~
Overload factor of the d.c. amplifier Q
between detector and indicati /\6 12 6
instlument, in dB A 3\/
NOTE 1 The definition ofl me i i stant (see 3.8) assumes that the indicating instrument is lirjear,
i.e. lequal incrementS\of ents of deflection. An indicating instrument havinng a
diffgrent relation be & can be used provided that the instrument satisfies| the
reqdirements of this sub nic igstrument, the mechanical time-constant-may can be simulpated
by g circuit.
NOTE 2 No tolerance i rical and mechanical time constants. The actual values used [in a

RN
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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
typically implemented in test instrumentation to achieve compliance with specifications called
out in this standard.

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

QLO speaker
J,> jf

Detectors

Attenuator Preselection Preamplifier Mixer

Quasi-peak/
RA —> - m ~‘ D(\ | average

¢
@Q&§>— b

Sweep Display
generator

Figupé Examyple\block diagram of EMI receiver consisting of swept spectrum
' preselector, preamplifier and quasi-peak/average detector

The|main differences petween the two instrument types are described below.

a) Bwept)spectrum analyzers are scanning instruments, which tune their local oscillator (LO)
frequency continuously to cover the selected frequency range of interest. Some |[EMI
ECEeIVErs perform a Stepped SWeep, 1.e. the instrument s 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
stated specifications in 4.5.

Swept spectrum analyzers may not have a quasi-peak detector built in. This standard
equires spectrum analyzers to meet the stated specifications in 4.4 for quasi-peak
jetection. However, the documented requirements for pulse repetitionAfegquencies_arg not
hpplicable to swept spectrum analyzers without preselection.

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

@@

pady
ires
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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
cardfully as, while it improves system sensitivity, it may invalidate the system’s complignce
with| the overload requirements of this standard. Further, an externa eamplifie ay

‘ s@ﬁe t of

impulsive signals with pulse repetition frequencies down to 20 H gvguasi-peak
detdctor as specified in 4.4.2.

Therefore the operator of a measuring system that includes shall
detdrmine the limitations of the system and shall apply line g/test sysfem.
Autgmated measurement results with external preamplifi c Kied using a final
manual linearity check. The information given in this g idap€e for the use¢r of

emigsion measurement systems.

J.2| Considerations for optim

Intefnally, measuring receivers are desi e mum sensitivity while avoiding
ovellload. Built-in preselection in the m avoids overload by impulsive signpals.
In spite of preselection, m haye no linearity reserve for quasi-peak

megsurements of a single nin
megsuring receivers ¢ low
PRH.

The| use of ané;ié ther
posgible measure¥ f Sing
megsuring receivers w low
loss| connecting sablgs: S nce
limitf and all o \ the
system nois 80 R 25
[14]1 If bigh iSsion not
recdmmended:

From expe@ cex_gxternal preamplifiers are not needed for radiated disturbance

measure@ts to Class B limits of CISPR 11, CISPR 22 [13] and CISPR 32 [15], either at[3 m
or gt measurement distance, when measuring receivers with built-in preamplifiers
incly preselection and low-loss antenna cables are used. The same situation applie$ 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 1 The gain in sensitivity is understood as the difference between the noise figure without preamplifier
and the system noise figure with preamplifier.

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

ise of an external preamplifier requires that an accurate g S quency
Characterization be accounted for in the measurement result;

the uncertainty of the gain as a function of temperature ang 3 2S5 W the
hdditional mismatch uncertainty between the preamplifieg’o g iver
Input port, shall be included in the uncertainty budgej fox the Pgas Rerit; ihput

mpedance shall, as far as possible, comply with tkg re € j ring

for CISPR Band E, a system consisting of a 6 ¢ ring
eceiver shall be designed such that it cannoi ke\ove by sigrials of lower frequéncy
bands, and/or by any signal whos 9 i red;
b.g. the ISM signal of a microwave

F= —P'e a
kTyB

for an amplifk@,

nd, (J.1

J.2

is @Jlated from the gain, G = 10 Igg, respectively g = 106/10 ;
@Boltzmann’s constant = 1,38 x 10723 Ws/K and kT, = 4 x 10~21 W/Hz;
is the absolute reference room temperature (293 K);

is the noise bandwidth (e.g. of the measuring receiver).
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Preamplifier Receiver
F1, g1 F
(223 Aaco
— D

IEC

Ei 11— Recei it lifier

In Flgure J.1, assuming that the cable attenuation ag, = 0 dB, then Q}’
Fy -1
101g Fyot = dcy +1OIg(F1+ 2 ] Q {-3)
&1

whefe Fy., is the noise factor of the system at the input cal8
If a(E # O dB, then the preamplifier gain factor g4 /in kg athap, as to be replacei by
1049, )’10 Cable attenuation a4 = 0 dB is aghieved/b the
pres mpI|f|er directly to the antenna. If a the
system noise figure as shown by Equé&ti
Statp-of-the-art preamplifiers typically ave noisg S , ing |to a
noisge factor of Fy = 2. Receivers with Qui 3 5 typi ise fi und
8 df, corresponding to a myj i i gtion
caugsed by preselection and otkér i inSeHi iver. i ithout
built-in preamplifiers i i oise
factor F, = 31,6.
NOTE 2 The noise@ ing

10 1gF, = ¥y
wherg
Viav| s the
By is the_noiss kan
Wnay| IS the norse
EXAMPLE oy igure
10 Igf, = .
The m&nitv wnay 18 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
approximately 4 dB for Band B, and 6 dB for Bands C/D; for peak detection WNpk |s up to
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 (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.
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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 preamplifier noise figure of
3 dB, because an excessive preamplifier gain would be necessary. Refer to Table J.1 for

example noise figures.

Becpuse it will severely limit the system’s linearity performance, it i
pregmplifiers with a gain of 30 dB or more.

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

e to|use

S
e
Preamplifier \Mﬁs}n'gi%ei{er >

Syste
Noise factor | Noise figure Gain factor Gain N0|se\f~§rt\Q\‘ Nok\e figure Noise filre
F, 10 IgF, < G, ~\ }/1&\‘{ 10 1gF, 10 IgF,),
dB % X W > dB dB
2 3 104 N N\ 2 (J¢\Te Y 8 4
2 3 10 o) ; 15 7
2 3 15 4

J.3| Linearity spe

The| dynamic r
comlfpression point;
signpl should idega
time|.

defined by the 1 dB compression point,
To avoid distortion caused by the input signal,
dB compression point during the entire measurement

B dB
the

An example sScreendRat \of thestransfer function of an amplifier is shown in Figure J.2.|The
resgons 3 Kier using a sinusoidal signal in time domain and frequency domain
is shown | e \.3\JThe numbers on the axes in Figures J.2, J.3 and J.4 are gener|c in
nature (quantizati alues) and do not represent specific units.

Figure %hows that the sinusoidal signal is distorted in time domain, which is due tq the
nonli effects of the preamplifier. The frequency domain display shows that the levgl is
decreased—at100-MHz—anrdthatfurtherharmenies—exist—A——coerrespending—simulatienfor a

broadband pulse is shown in Figure J.4.
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Quantized values

Quantized values
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Figure J.2 — Transfer function of an atnplifi
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Green = normalized input signal; red = output signal

Figure J.4 — Response for an impulse

IEC
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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
typels of systems are taken into consideration: systems with, and without/pre eIect'sQ/ { the
medgsuring receiver input.

A broadband overload detector, which is effective at the input of ¢ R sceivers
withput preselection, is used to detect signal levels at the 1 dB, sgmyressidi.point et the|first
mixer, to alert the user of linearity problems. The overload d alsd be sed ap an
indigator to assure valid measurement results. Similar overload g ".. mended for
widgband FFT based measuring systems to avoid over-range 0 widebagnd A/D converter

(seq J.4).

the Imeasurement of impulsive disturpagces. A n veypsus frequency and njpise
figure, the 1 dB compression point of\the pre® ) ’ e complete system, consisting of
pregmplifier and measuring receiver, . For CISPR Bands C/D,| the
relationship between the 1 dB compre Q' Sine wave signals and the peak valye of
the proadband CISPR pulse S|gnal wit Hz gives a bandwidth factor F},, of
85 dB [F},, = 20 Ig(2 000/ . . §_sWow the deviations from linearity |of a
pregmplifier with a 1 dB i 2\ dB{uV), for an unmodulated sine wave|and
impulsive signals.

Further precautions for measurements include a predicth - available overload factof for

\\ —e— deviation

N\

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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NOTE ound
37 df J.5.
12 dF

The . the
amp intermddulation products. This effect
can h depth of greater than 40 dB (band-

stop plifier. For an acceptable opergtion
(errgr contribution less thaf \ i he notch depth shall remain at least
20 d . >valyue/of 20 dB is obtained with quasi-peak
megsurements at a PR ; Hz is a compromise.

Idedlly the 20 d@ U A=K xded for quasi-peak measurements at all PRFs.
Thig is shown in p wlifier used above with 10 dB gain, where the 20 dB

depih is retained 3
pealk level of th

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

pealk level of 3 ponds to a quasi-peak level of 25 dB(uV). Thus while the || dB
comppressionpointdr €Re brxoadpand impulsive signal in Figure J.6 “positive pulse” looks| like
being at/3 4k, the preamplifier is already overloaded. The input signal
shoyild lower, i.e. at 25 dB(uV) quasi-peak, to avoid excegsive

intefmodulatiqn’
Q

In Figure<)6 the “positive pulse” also shows that a simple overload test with a switchpble
10 dB &énuator at the preamplifier input may not properly indicate the overload in cage of
impd 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
may 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
o0
1
VIEW L 5o
2 =
vIEs |,
> =M
o=y 60
S0
f——— M

N e 7 B
N7 AVANY

F

gure J.7 — Screenshot of a band-stop\filte Hz

:
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IEC

Figure J.8 — Band-stop filter test result with the measuring receiver at 818 MHz
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Figure J.9 — Band-stop filter test results for th ent

receiver with preselection.(black)(@an

2] 608

10

Center &50 MHz 30 MHzZ/ Span 300 MHz

TEC

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-ftop
filtef test in Figure J.7 and the average detector noise level 7,, determined\JThe differ¢nce
Vo T VNnav Mmarks the crossing of the “Noise” line with the “Average™\line, Fog the 10 dB
pregmplifier above, Vo= 37 dB(uV), Vngy= —14 dB(pV) for a noise fig of 4\dB\aq o — I'Nav
= 51 dB. The noise line in Figure J.11 is drawn from an example whgre\/'y- o= 27%B.
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Figure J.11-= ighting functions of the various CISPR detectors with a noise curvT to
illustrate.the remaining operating ranges for broadband impulsive signals (example)
From\Eigure J.11, the critical PRF can be seen at which the impulsive signal level, with peak
level—at the T dB compression point, Is equal 1o the noise level. However for an accurate

measurement, 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

J.4 Detecting the overload of an external preamplifier in aw
based measuring system

than actual.

ideband FFT

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 to the
1 dB compression point. The maximum (positive) and minimum (negative) voltage of the

signEI in the time domain shall be sampled continuously during the me

comjpared to that threshold level. The 1 dB compression point is defi

sign@l yielding an output 1 dB lower than expected, as shown in Figure

During a measurement, a measuring apparatus that digitizes the
external preamplifier can be used to detect whether an oversrange
prededing example, a threshold level of a normalized value in<Figure .
would be appropriate to avoid nonlinear effects. The thre ¢;-
the |system manufacturer depending on the application. M N
harmonics of intentional radiators requires a better Ti
me3
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Annex K
(normative)

Calibration requirements for measuring receivers

K.1 General

When performing EMI measurements it is essential to use measuring equipment that meets
the specrflcatrons caIIed out in this standard such that the expected measurement

megsurements shall be traceable (see 3.17) to national or internationall dgrds.

dist rbance power measurements can be achieved. In addltlon th esults hese
Thege requirements can be met by selecting measuring equipment that’i E

The| calibration requirements described in this annex are only test
instqumentation (i.e. EMI receivers and spectrum analysers) covered,inth

The| EMC test laboratory is responsible for the selection and, use p& ay Q ring
equipment as well as the purchase of accredited (cf : ed appropr|ate)
calibration services. A clear understanding of the —ea|ibrationy.regtitepments related to

megsuring equipment is essential to determine the secifics\ of calibration service
in the purchasing process and to review the obtaln genvi w eipt of the equipment
back from the calibration laboratory, before N into service at the [test
labgratory.

K.2| Calibration and verificatio

Calipration is defined as & S i Ahd abli , the

relationship that exists, uder indicati i nent
under calibration and g Y 8ast ing the corresponding traceable refergnce
stanldard. Applied fo the mea J ing z i i igting
of various step@r . ! ters
thropgh measure : P nent
that ory.

was calibrated,.l

The hder
calif

The ign to
be ddj that

the eet the manufacturer’s specifications. The goal of the instrurhent
calilf 3 the determination of compliance of a measuring receiver upder
calipration s published specifications in a traceable manner (see 3.17).

“Veriﬁ&(ion” should not be confused with “intermediate checks” (also called confid¢nce
checks); the Tatter consisis 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 magacurina racagivare alcn dgafinges thg fallawina gcocg tial
G aHoR—pH 8ss—eF—ReasuHRg— RS HSO—G th rHoHOWHRG—BSS6

ST

pargmeters that shall be used for proper calibration:

a) the specific set-up of the receiver under calibration for each in| the
Calibration process (e.g. in the case of an EMI receiver or spec ning
frequency, attenuator setting, resolution bandwidth setting, and ¢ 7 { ach
measurement to be performed);

b) the required test set-up for the measurement of a speC| W e of
bower splitters for ratio measurements and any other rg

c) the required accuracy of measuring equipment usgc REA the
Calibration process (e.g. required amplitude accuracy and

d) the actual number of measurements to be pe 2 <Y . ypes
bf measuring receiver this sequengs_is ,,\ 3 A the

gtion
test
ious

barameters to be completed.
esult for a calibration paramete

e) the requwed environme it 8 required ambient temperature and relative

Only if the manufactyre ibratj ¢ ibration
megsurements (¢] { ation
labdratory or t e its own calibrations (also called intgrnal
caliprations) should er’s calibration process for a specific measyring

recdiver. If an aljgrra )sed, it shall be verifiably validated and it shall be stated
in the calibration xertificate\IR isprocess deviates from the calibration process definefl by
the manufactidre

Thig @S measuring receiver requirements using a “black box” approach. [This
means t e instrument shall show a specific response when a defined signal is appligd to
its i 7 Therefore, the demonstration of compliance of measuring receivers |with
spegifications defined in this standard can be provided through the manufacturer’s calibrgtion

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 6.4 74 frequencies: start frequency, stop
accuracy T e frequency and centre frequency of CISPR

Bands A/B/C and D/E

Veritication at the following tunlng
frequencies: start frequency stop

Response to pulses 4.4,5.5,6.5,7.5 frequency and cent e fre e,nc SIPR
Bands A/B/C an
Verification followi
Selectivity 4.5,5.6,6.6,7.6 frequencies ce tr fre
Bands 5&/
\
The|parameters summarized in Table K.1 are only apphca Juency ranges covered
by the instrument under verification and its i ctions. Spedifics
desg¢ribed in the referenced subclauses apply in thei i xs-wel| as the stated toleranges.

It is|to be noted that the requirements t g rd constitute a subset of al| the
speg¢ifications the receiver manufactty S W ) ;Y some requirements in|this
standard may be stated in a way that d R facturer’s specifications (e.g.|CW
freq ' of absolute amplitude accuracy|at a
refefence frequency and frequency resjpon

If ejidence of compliance with\{ ' egented in this standard cannot be dirgctly
provided through the msa iPratian process, due to differences in the form of the
stat¢d specifications, ificati e requirements shall be requested by the |test
labgratory in adg1 ’ alibration based on the manufacturer’s calibrgtion
prodess.

unctidnality of a measuring receiver is not utilized when performing
or economic reasons test laboratories therefore may decide to
purchased calibration service only functions that are actually ysed
ents. Care shall be taken when specifying such a partial or linjited
ervice because the calibration of the identified functions may require calibratign of
ctions as a prerequisite. Such dependencies shall be determined by the |test
y or the calibration laboratory through a review of the manufacturer’s calibrgtion

If the test Inhnrntnry does not have access to the manufacturer's calibration
procedure, this review shall be requested from the calibration laboratory as part of the
calibration service purchase.

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
bxpanded uncertainty value applicable to the calibration measurement, am the
bpecification is not met. Q}/

Upper limit

Lower limit

IEC

The
a)
b) : N\ usive, a definitive compliance statement is not possible;

d)
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information@ i r.t a\roz of this interpretation sheet can be found in
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rt on voting

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

ever; seven National Committees had submitted a negative vote. Most concerns v
ed to"the measuring receiver specifics covered in K.4. That clause states:

3PR A: Radio-interfergnce

onal

the

the
on

vere

“This standard specifies 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

t

he 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.

INT’IRPRETATION:

Demonstration of compliance with CISPR 16-1-1

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

It i§ permissible to use either the manufacturer's cadibration tion
labgratory’s own process that is applying the procedures—a i din
this |standard. The user of CISPR 16-1-1 is respofisible idi two

approaches to use, both which are considered equivia
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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 ising
all national electrotechnical committees (IEC National Commlttees) mote
ifternational co-operation on all questions concerning standardizatior 5. To
this end and in addition to other activities, IEC publishes Internaii ions,
Technical Reports, Publicly Available Specifications (PAS) s \ “IEC
Plublication(s)”). Their preparation is entrusted to technical c9 i CN yJEC National Committee intergsted
in the subject dealt with may participate in this prepartory vv- i governmental and |non-
gpvernmental organizations liaising with the IEC also p ipatg i i IEC collaborates clpsely
wlith the International Organization for Standardizatio i dance W|th conditions determingd by
apreement between the two organizations

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

3) IEC Publications have the form of recom end } ional
Clommittees in that sense. IEC
Plublications is accurate, any
njisinterpretation by any

4) In order to promote interna i i i icdtions
transparently to ma axte it dence
between any IEQ D ed in
the latter.

5) IEC itself does not.p vid i ificati i i rmity
apsessment servi¢es\ahd S rany
services carried ot b

6) AJl users shduld ernste fRat they h

7) No liabj and
nmemb pe or
other da aturg and
ekpenses artsi F IEC
Publications:

8) Aftentiongissdrawn to the Normative references cited in this publication. Use of the referenced publicatigns is
indispensable for the correct application of this publication.

t—by—CcHSPR—subecommittee—A—Rddio-

| t P=% al Qtondaord AIlCODD g4 41 ha h B EaO-SE
n e ||auu||a| Jidarniuaru  wivutr i LA™l | T T1raoc Vo Tl proparc
u S

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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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.

A ligt of all parts of the CISPR 16 series can be found, under the general

radi

The
the
rela

e feconfirmed,

e (eplaced by a revised edition, or

e amended.

The

pecificatio

D disturbance and immunity measuring apparatus and methods, on

committee has decided that the contents of this publication g \anged
stability date indicated on the IEC website under "http;//\We R.16¢ invthe
ed to the specific publication. At this date, the publication w

vithdrawn,

contents of the Interpretation sheet\of A d.have-beén included in this copy.

h for

until
Hata

IMPODRTANT - The 'cplouni \ild \m\t::%er page of this publication indicates
that| it contains colour i re \considered to be useful for the cornect

understanding its\content
colqur printer.

j a
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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:

CISPR 16-1 — six parts covering measurement instrumentation specifications;
CISPR 16-2 - five parts covering methods of measurement;

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

CIS

mm

- |
- |
-
-
- |
- |
The

clair
mea

IEC

PR 16-1 consists of the following parts, under the general title
distyrbance and immunity measuring apparatus and methods -
| unity 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

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

adio
and

International Electrotechnical Commissi it is
hed that compliance with this docume i the
suring receiver with rms-

The|holder of the i < yred the IEC that he/she is willing to negotiate licences
eithTr free of chargé . with
applicants througho tent
right is registered

Rohpe & Sc

Muehldorfstras

81671

Germany

Attention is.drawn the possibility that some of the elements of this document may be the

subjF

ct of patent rights other than those identified above. IEC shall not be held responsibl¢ 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

Thig part of CISPR 16 specifies the characteristics and performance pment>for| the
measurement of radio disturbance in the frequency range 9 kHz tg" n “addition,

reqyirements are provided for specialized equipment for gnce
measurements.

NOTE In accordance with IEC Guide 107, CISPR 16-1-1 is a basic EMC sta ttees
of the IEC. As stated in Guide 107, product committees are responsjbleNor\deta f the

EMC| standard. CISPR and its sub-committees are prepared to cosqperate \witR>product committees in the
evalyation of the value of particular EMC tests for specific products-

The|specifications in this standard apply to EMI regeivér : erm
“measuring receiver” rum
analyzers. The calibration requirements for

Further guidance on the use of use o ) 2 i i be
found in Annex B of any one of the followin S: -2-1: , 6-2-

2:2010 or CISPR 16-2-3:2010.

2 [Normative refer

Thelfollowing d@
are jndispensable™o

undated references
amegndments) 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
chanactefistic L' lts and methods of measurement

CISPR 14-1:2085, Elsctromagnetic compatibility — Requirements for household appliances,
electric tools and simiar apparatus — Part 1: Emission
CISPR 14=1:2005/AMD1:2008
CISPR 14<1:2005/AMD2:2011

CISPR 16-2-1:2014, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 2-1: Methods of measurement of disturbances and immunity — Conducted
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


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

CISPR 16-1-1:2015 © IEC 2015 -1 -

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
IEC
IEC
IEC
IEC

For

follogwing apply.

3.1
ban
Bﬂ
widt
atte

Note

3.2
Cis

rande specified by the
indigations within whigh

CIS

3.3

Note
a fre

precgding the detectey.

termi
The

operating, range. A sine-wave signal of this level, applied for a limited time only and having a wave trg

recta
the c

3.4

eledtrical charge ;i 4

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

Terms and definitions

the purposes of this document, the terms and definitions given i

dwidth

h of the overall selectivity curve of the o0 points at a st

huation, below the midband respongse

1 to entry: n is the stated attenuation in dBy

PR indication range

PR 16

application of a constant sine-wave voltage to the s
[ediately of the detector for the output voltage of the detector to rgq

1 to entry; WSt tant is determined as follows: a sine-wave signal of constant amplitude and h
fjluency equ id-band frequency of the IF amplifier is applied to the input of the stage immed
indication, D, of an instrument having no inertia (e.g. an oscilloscope) connected
hal in_‘the/ d.c. “afmplifier circuit so as not to affect the behaviour of the detector, is n
evel of\the signal is chosen such that the response of the stages concerned remains within the |

gular envelope is gated such that the deflection registered is 0,63 D. The duration of this signal is eq
marge time of the detector-

electrical discharge time constant

Tp

the

ated

eter
t of

age
ach

Bving
ately
to a
oted.
inear
in of
al to

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

to fal

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 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 = [ V() (1)

—00

Note 1 to entry: Impulse area, sometimes referred to as impulse strength, is typically expressed in uVs
or dB(nVs).

Note (2—te —Sp aH—d 2 ated—to P area—and P d oreB{t vy . For
rectapgular impulses of pulse duration T at frequencies f << 1/7, the relationship D (uWW/MHz)= \/EMOG Aimp uVs)
appligs.
3.6
impulse bandwidth
Bimp
B _ Al)max
P~ 2Gg x 4 (2)
0 X Aimp
whefe

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

eCeiver with an impulse afea

imp

G, is the gain of the circuit at

Bil’fp=1'05><B6_1’ (3)
whefre Bg and 33§>

Note|1 to entry:

3.7

meagsuri

inst]um altunable voltmeter, an EMI receiver, a spectrum analyzer or a FFT-based
medgsuring ent,~with or without preselection, that meets the relevant parts of [this
standard

Note[1 to éntry: 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:

2
T,\%Ld—gJ+2TMd—a+a = ki ()
dt dt
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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.

Note 2 to entry: The methods of measurement and adjustment are deduced from one of the following:

a) teperiod of iree oscillation having been adjusted to 2nl,,, damping 15 added so that a7 = 0,354, __

criticak such that

£

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

ratiq of the level that corresponds to the range of practical Ii gircuit (or a
grodp of circuits) to the level that corresponds to full-seale hi He indicating
instqument

Note|1 to entry: The maximum level at which the steady-state fesponse of\a-cirsuit (or group of cwcwts) does not
depaft by more than 1 dB from ideal linearity defines the range e up of
circults).

3.10

symmetric voltage

radip-frequency disturbance voltage ap i the two wires in a two-wire cirguit,
such as a single-phase mains supply. \Thigiss alled the differential mode voltpge.

If V] is the vector voltage
voltage between the oth
diffgqrence (7, -V})

3.11
weighting (of e. [

puIine-repetition-fre
impuilse voltage
recgption

inals and earth and V, is the vgctor
, the symmetric voltage is the vegctor

cted
adio

Note|1 to € : ctive
quantlity (audible ok visu

Note|2 to entry: igi iver, i i jecti i i y the
critical bit error~tatio br by
another, objective and

epfoducible 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

relationship between input peak voltage level and PRF for constant level indication of a
measuring receiver with a weighting detector, i.e. the curve of response of a measuring

recgiver 1o repeated pulses

3.12
megsurement time
Tm
effective, coherent time for a measurement result at a single fr

called dwell time)

3.13
calibration
ope
quantity values with meg
corresponding indications
uses this information |t
indig¢ation

1 to entry: A ;;I

Note
calib
indic

Note
calle

Note

[SO

as

also

hted

the
and
tep,
an

ram,
f the

kenly

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]

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
prere

Note

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

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]

3.16
correction

comppensation for an estimated systematic effect

Note

Note
from

[SO

3.17
(me
prog

docyimented unbroken chain of calibrations, eac

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

2 to entry: The compensation can take different forms, such as an addend @ , Or eah™e deduced

a table.

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

trological) traceability
erty of a measurement result whereby the resulf cs Fe 3 gh a
inty

[SOURCE: ISO/IEC Guide 99:2007, 2'¥4

4 Hz
4.1 General

The rece|ver speC|f|ct|o K ; ion. i iver
spegi ; kHz
to 3 MHz
to 1 nent
are

Spe this
clau : ased
megsurigg sample and evaluate the signal continuously during| the
me3a

4.2 Input-impedance

The mput circuit of measurmg recelvers shaII be unbalanced. For recelver control settings
with age
standing wave ratlo (VSWR) not to exceed 2,0:1 when the radlo frequency (RF) attenuatlon 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

inco

rporated either in the relevant symmetrical artificial network necessary to couple to the

receiver or optionally in the measuring receiver.

4.3

The

Sine-wave voltage accuracy

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

samie. 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 P N

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

30 MHz to 300 MHz 0040 \[\_~ /300 100
300 MHz to 1 000 MHz ( \%04(\ (1 ) N 100
N/

NOTE Annexes B and C describe methods for/determining.t

3 outpuyt characteristics of a pulse generator fof use
in tegting the requirements of this subclause.

4.4.2 Variation with

The|response of the tant
indigation on t ulse
ampflitude and re

As an alternativ : z uch
that| for a copsta Qltag [ of the pulse generator of e.g. 50 dB(uV) at repetjtion

frequencies
recgiver jndj
opposité

and 100 Hz (Bands B, C and D), the relationship between
repetition frequency is in accordance with Figures 1, 2, 3 and 4 under

For [all measuren , a sufficient signal-to-noise ratio is required. The use of a 10 dB
attenpuator-at'the oufput of the pulse generator is recommended.
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24
Asymptote
22
20,5 +2
20
18 \ Absolute calibration
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EoRC = 0,316 pVs
o N 10 1,5 Freq. = 100 imp./s
4 y
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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 puloc IUDPUIIDU ;D ICOtI;UtUd dUU tU UVCI:UGd Gt thc ;Ilput tU thc IU\JU;VUI Gt fICqUUI CIeS
aboye 300 MHz. The values marked with an asterisk (*) in Table 2 are optional and -arg not
essential.

Table 2 — Pulse response of quasi-peak measurin

epetition Relative equivalent level in dB of pulMte b?l\d \
requency Band A Band B ndC _ >\ \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 S \ ~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 &o,om >+14,0i 1,5 14,0+ 1,5
5 +7.54 (6 (\\_ \) N - -
2 13,0 2}\ (\+20\,6\_ 0 ) 126,0 + 2,0 126,0 + 2,0

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

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

*  These values are op{ionahNand™ot'e W

= T

NOTE 1 i Ivercharagteristics upon its pulse response is considered in Annex D.

NOTE 2 The relationships the pulse responses of a quasi-peak receiver and receivers with qther
detgctor types @ iveQ\ g ang?7.5.

NOTE 3 eoretical~pulsg response curves of quasi-peak and average detector receivers combined op an
absolute s in Figure 4. The ordinate of Figure 4 shows the open-circuit impulse areas in dB(pVs)

corr=spond|ng e uit sine-wave voltage of 66 dB(uV) rms. The indication on a measuring recgiver
with|an input matched to the calibrating generators will then be 60 dB(uV). Where the measuring bandwidh is
less|than the pulse repejifion frequency, the curves of Figure 4 are valid when the receiver is tuned to a disqrete
line jof the-spectrum.

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

NOTE 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 eeltheequirements
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.

ned
han
bt at

4.5.3 Image frequency rejection fatio

The|ratio of the input sine,Wsa a ag frequency to that at the tuned frequgncy
that icatj m i

gasuking receiver shall be not less than 40 dB.
Whegre more than onef\ ¢ cy is used, this requirement shall be met af the
image frequencies cor ot intermediate frequency.
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Figure 6 — Limits of overall selectivity —
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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

The
4.5.
rece
resp

an those specified in 4.5.2|and
same indication on the measyring
equencies from which such spurious

(6)

L
fi

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
frequency f

Filter, attenuation
40dB atf

Pulse generator

eceivertuped\o
IEC

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

Figure 8 — Arrangeme

Table 4 — Bandwidth ¢ ar intermodulation test

of glasi-pe receivers
Frequency ranje \\Q k\m\ ¥ 2) kHz 3) MHz 4) MHz

9 kHz to 150 kHz (B4n )} ? 0\4\) 4 0,15 0.3
0,19 MHz to 30 MHz zyé\s\) - 2@ 200 30 60
30 NIHz to 300 MHz((,B’éQB\C) 55\60 2 000 300 600
300 MHz to 1 009 MRz (Band\Q) 500 6 000 1000 2 000
Conpect(the erator output direct to the measuring receiver input and adjusit for
a cdnveni titute the pulse generator for the sine-wave generator and adjust
for the same ding. The pulse repetition frequency shall be 100 Hz for Band A and 1 000 Hz
for the other ban
With the pulse generator connected as described above, switching the filter into circuit ghall
intraduce_attenuation of not less than 36 dB for mpacnring receivers_and of not less than

20 dB for spectrum analyzers without preselection.

4.7
4.71

Limitation of receiver noise and internally generated spurious signals

Random nois

e

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

4.8.1 General

Scrgening effectiveness 15 a measure of the ability of the measuring receiver to operate_ih an
electromagnetic field without degradation. The requirement applies to ceivers operating
withjn the "CISPR indication range" specified by the manufacturer as defifed in"3.2.

The| screening of the receiver shall be such that when it is 4 ient
electromagnetic field of 3 V/m (unmodulated) at any frequency i Hg to
1 090 MHz, an error of not greater than 1 dB is produced at thg i the
CISPR indication range as specified by the manufacturer of tf re a
meg i and
freq $hall
be p

The iver
via sure
wall | be
at t the

manufacturer of the receiver. All other(coaxial te of the receiver shall be terminatgd in
their characteristic impedance. %

Only essential leads nput cables) for the normal use of the measyring
receiver in its minim ing options such as headphones) shall be
conmected durin e te ds hial haxe the lengths and be arranged as in typical yise.

The ired

by 4 fi

The iffer

The measurement of the radlo dlsturbance voltage is however not requwed 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 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.

5.1

Thig clause specifies requirements for measuring receivers employi 3 hen

Speftrum analyzers and FFT-based measuring instruments<tha this
clause can be used for compliance measurements. Eor eémission ¥ hents, FFT-based

megsuring instruments shall sample and evalu the
megsurement time.

5.2 Input impedance

Thelinput port of the measuring receivers halanced. For receiver control setfings
withjn the CISPR indication range, th WR

not fo exceed the values indable 5

T P g
Q Kl::jq@*\qi \)QF attenuation VSWR
< dB

gm{to\(ék;}/ 0 2.0to 1

g\x{zwz >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_input™~Nmpedance in the frequency range 9 kHz to 30 MHz: a balanced ihput
transformersis 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 ipput
impgedance may be incorporated either in the relevant symmetrical artificial network reqyired
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)

a Since the response of a peak measuring receiver to non-overlapping pulses is proportional to its impulse
bandwidth, either the actual bandwidth is quoted in the result or the level may be quoted as "in a 1 MHz
$andwidth", calculated by dividing the measured value by the impulse bandwidth in MHz (see 3.6). For dther

pes of broadband disturbance, this procedure may introduce an error. Therefore, d measured with the
eference bandwidth shall take precedence.

b The bandwidth selected shall be defined as the impulse bandwidth of the measurjrg
f+10 %.

a tolergnce

5.3.2 Charge and discharge time constants ratio

In ofder to achieve a meter reading within 10 % of the tr tion
rate|of 1 Hz, the ratio of discharge time constant to ¢ all be equal fo or
gredter than the following values:

If thle test receiver has & pea yabi lues
between 30 ms and 3

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

If a jspectrum an 8 Sr_peak measurements, the video bandwidth (B,,4¢,) shall be
set [to a vg or equal to the resolution bandwidth (B..,). For peak
meas pe read from the spectrum analyzer display with the detgctor

opefatin i e-linear or logarithmic mode.

5.3.8

For [peakmeasuring receivers, the overload factor does not need to be as high as it ig for
othdr types of measuring receivers. For most direct-reading detectors, the overload fgctor
shal| besslightly 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

outp

NOTE 1

in tes

ut of the IF amplifier.

ting for the requirements of this subclause.

Annexes B and C describe methods for determining the output characteristics of pulse generators for use

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 103 0,21 x 103 6.1 \ }
Band B 0,148 x 10-3 9.45 x 10° <— \ \ 6.6
Bdnds 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 bandwidtf\only tsee/Table 6).
NOTE 2 The values in this table result fromi\the nompal ‘specif catof the detector weighting functipns.
Thegefore, verification by a calibration laborafory is\noKrequiréd.
~__~
Abope 1 GHz, the required impulse area js_defined using a pulse-modulated carrier af| the
frequency of test, since pulse generator a ifofm spectrum up to 18 GHz are| not
feaglible. See E.6.
5.6 Selectivity
Singe the band 5.3.1 allow variations from the bandwidths shiown
in Flgures 5, 6 ant'7 rves apply to peak measuring receivers in regafd to
shape only, and shall be scaled accordingly. For example, |Bg/2
corresponds to 1
The|requirem and 4.5.4 apply.
The|curve é overall selectivity of the measuring receiver reference bandwidth
for Band E sha in the limits of Figure 9.
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< - ‘ - 11,35 MHz120 0B
\ | 4
18 /
m \ /
S /
5
= \ 13 /
o
5 \ /
%
c
5 - 045138 > /¢1(9 dB+— | —e— Max. bandwidth
8 ) \ [ [ / N —s— Min. bandwidth
5 ‘*i—0,375/6 dB ##6,55 MHZ/6 dB
£ \ /|
2 3
£ h\ o573
K ~N /
L Q'/A JI e ® _1dB
—4
14 12 -1 —08 -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
orienfation.

e redated filter attenyation
jdths have been givgn for

NOTE ime of
intro
5.7
For € requirements stated in 4.6, 4.7 and 4.8 apply.
Subg \ :
In a
— |
- | : en measuring low level spurious signals in the presence
g ynal for certain equipment-under-test, insert a filter at| the
mternally or externally) which provides adequate attenugtion
al fre ency to protect the input circuits of the receiver from overload|and
q a RO prevept the generation of harmonic and intermodulation signals.

— $Peveral filterssmay’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 adequatg.

Requirements for Qr‘rppning effectiveness_that is_the immlmity to high ambient radihted
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.


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

- 30 - CISPR 16-1-1:2015 © IEC 2015

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.

Symmetric (balanced) input impedance in the frequency range of 9 kHz to 150 kHz:_use 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\ artifictal netyork
required to couple to the receiver or, optionally, in the measuring re

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 detectol

Frequency range Bﬂlﬁwidm\@s \_/ Reference BW

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

150 [kHz to 30 MHz (Band B) N R 9 kHz (B,)
30 NHz to 1 000 MHz (Bands Qnd\&l( \Qo MtoWkHz a 120 kHz (B)
1 Glliz 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.

able 6.

[

6.3.

detéctors, the overload factor for circuits preceding the detector at

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

For recei
a pulse

The|receiver-shall_no? overload for pulse rates equal to or greater than 25 Hz for Banfd 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.

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
indichfions of an average and a quasi-peak measuring receiver of the same bandwidih, assuming adefuate
overlpad 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/ayerage\indicabtions V
Frequency range of for pulse%:;}hK
measuring receiver
25 Hz 100Hz/ 50|+§\‘1 oo z 5 000|Hz

9 kHz to 150 kHz (Band A) 12,4 \ \ \/
0,15 MHz to 30 MHz (Band B) (82,9 229 (17,4)
30 NIHz to 1 000 MHz (Bands C and D) r\\)/ S (38,1) 26,8
NOTE 1 ce bandwidith @nly (see Table 8).

NOTE 2 Values in parentheses are for information o

NOTE 3 The values in this table result froh the nominalNspecification of the detector weighting functipns.
Thefefore, verification by a calibration laboratary is un ed)

Aboye 1 GHz (Band E eNaverage” (weighting) detector are defined - lipear
and [logarithmic:

For the linear av@ nse of the measuring receiver to pulses of repetjtion
rate|n Hz and impuls UnmVg e.m.f. at 50 Q source impedance shall be equal to

the fesponse of ah \ lated sineywave signal at the tuned frequency having an e.mlf. of
rms|value of hepulse shall be defined as a pulse-modulated carrier.|The
valur of n sk A tolerance of + 1,5 dB is permitted on the sine-wave volfage
level.

For |the loga average detector, the response of the measuring receiver to pulses of
repgtition rate<3S z (inverse of period 3 ps) and impulse area of 6,7 nVs e.m.f. at $0 Q
soulce impedance sHall be equal to the response of an unmodulated sine-wave signal a{ the
tungd frequency having an e.m.f. with rms value of 2 mV [66 dB(uV)]. A tolerance of + 4 dB is

allojved on the sine-wave voltage level (the 10 % tolerance of the bandwidth causgs a

possibie variation of approximatety = 2,5 dBJ.

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 frnqnnnhy to__a frnqunnr\y equal to RJ/’)’ as determined  from overload

congiderations.

NOTE 1 The theoretical pulse response curves of quasi-peak and average detectop/Tegei ambi n an
abso|ute scale, are shown in Figure 4. The response to repeated pulses of the measuyr| i { ith a
logarjthmic average detector (above 1 GHz) is influenced by the noise level B h the

following values:

LIogAv is the level indicated by the logarithmic average detector;
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»

TPLP +TNLN
Liohav :W (7)

EXAN noise level Ly is 8dB(uV), T, = 1/Bimp =[1 ps,
the pi ation, LlogAv = 15,7 dB(uV). In reality, LlogAv is hiigher
beca us.
NOT

6.5.

The uch
that tant
of 16 The
time vork
follg >fector of the receiver. The peak reading may be taken, for exanjple,
by ¢ itoring of the meter output using an A/D converter and a microprocegsor,

as shown.in.Figure

Meter A :
Envelope »| 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
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)

NOTE In Band E, this applies for the linear average detector only.

40V pr——-mmmmemeees

o V (video)

IEC

NOT i y ntermittent narrowband signal with a duration of 0,3 s gnd a
repet hen atime~constent of 100 ms is used. If the time constant is 160 ms, the pedgks at
the o

NOTE e } i narrowband disturbances can also be defined for the logarithmic avg¢rage
deteg t i ided bandwidth, for example, 10 Hz, and the maximum hold function df the

spec

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

6.6 Selectivity

For rapaivnre it o oAt
TCCCTvVCTo—Vvwiti— o oarta Tt

a) =2 {

oz
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
shall lie within the limits of Figure 9.

r th froauanaoy e~ Q LIS A 416N LIS r a
—C ToqoUC Ty TangC— o KTz tO—ToU KTy

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

T30 > 81
The|measuring receiver in conjunction with the high-pass filter should equirements
of this standard.
6.7 Intermodulation effects, receiver noise, and screeni
The|requirements in 5.7 shall apply.
7 |Measuring receivers with rms-average d guency range

9 kHz to 18 GHz

7.1 General
RM$-average weighting receivers emp d\detector that is a combination of| the
rms|detector (for pulse repetition freq en rner frequency f;) and the avefage
detdctor (for pulse repet|t 0 orner frequency f.), thus achieving a

puls
freq

Spe
clau
mea

measurement ti

7.2

Theli

with
not

e response curve
Liency and 20 dB/dg

ctrum analy
se can be u

suring instrum

o exceed‘the values in Table 11.

10 dB/decade above the cd

dnd evaluate the signal continuously during

Table 11 — VSWR requirements of input impedance

rner

this

the

ring receivers shall be unbalanced. For receiver control settjngs
n the frich range, the input impedance shall be nominally 50 Q with a VS§

WR

Frequency range RF Attenuation VSWR
dB

9 kHz to 1 GHz 0 20to1

9 kHz to 1 GHz 10 1,2to01

1 GHz to 18 GHz 0 30to1

1 GHz to 18 GHz 10 2,0to1

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

rece

7.3

iver or optionally in the measuring receiver.

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

7.3.

Abo
detd
corn

value 1,27(B / £,)2 x (f, | n).

NOT
an rn

The
Tab

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\tf§m su?hqg{
receiver with a tolerance of + 10 %. \
X \/

p Overload factor

ve the corner frequency f., specifie
ctor at a pulse repetition rate o X
er frequency the overload factor a itisn raté of n Hz shall be above

the
the
the

F 1 “Corner frequency” is fie b g which the rms-average detector behaveg like
s detector and below which thexymg-averag ¢ slope of a linear average detector.
minimum pulse r iti ithot oad shall conform to the values given in

se repetition rate without overload

o

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 780 kH2ABaRAAY  \ 0,01 5 19
0,15 MHz t6°30 MBR{(Banag) 0,01 5 35,5
30 NHz to 1 000Mklz (BaRds C and D) 0,1 31,6 40,6
1 Giiz to 18 GHz (BantE) 1 316 40
NOTE 2 vWith 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/
E (the response to a short single pulse is only theoretically defined in these bands).

and

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 na

nosecond 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 low-pass filter is the measurement result.

NOTE—Annexes B, C and E describe methods for determining the output characieristics of pulse generajofs for
use ip testing the requirements of this clause.

7.5.2 Amplitude relationship

The|response of the measuring receiver for Band A to pulses of impuise\a
e.m/f. at a 50 Q source impedance which have a uniform spectyt
tungable frequency of Band A, and repeated at a frequency of<25

of thning, be equal to the response to an unmodulated\gi
frequency having an e.m.f. of 2 mV [66 dB(uV)] rms. Fort

C, D and E, the corresponding values are 44 x <
impedances of the pulse generator and the signa
tolerance of + 1,5 dB is permitted in the sine-wave

NOT
25 Hg
betwe
Tabldg

cy of
iopship
ien in

Whe

m asurlng receivers

Frequen Pulse repetition rate Ratio quasi-peak/rms
measuring{eceler -average indications
Hz dB

9 kHz to 150 ki (Bany AN\ 25 4,2
0,19 MHz t2.30 WiHz (Banq)B) 100 14,3

30 NIHz t%%\()MZMS C>and D) 100 20,1
A\

NOTE The val in this table result from the nominal specification of the detector weighting functipns.
Thefefore, vefificationby & 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
1000 - 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 (
N

25 0 (ref.) +16 + 1,6 /\< (\

10 +4 +£0,4 +20 + 2,0

5 19407 | +25+23 N \

1 : : NE RN
NOTE 1 Values in brackets are for information only, \ \)
NOTE 2 The values at 5 Hz for Bands A and B take into acsgunixhe effect of the
meter time constant.

"

7.5.4 Response to intermittent,

The|response to intermittent, unstead
that|{the measurement result is equival
of 160 ms for Bands A ang/k

by the meter-simulating
are lsed as input.

It is|deduced fro

the maximum re i
with| repeated rectad
toletance of £1,0 i

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

ing<>a owband disturbances

a’radio frequency sine-wave input signal modul
the duration and period indicated in Table 1

uch
tant
hed
5.1

ield
ated

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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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 mpaquring receiver to ensure adequate attenuation at the fundamental

requency to protect the input circuits of the receiver from overload and damage,.and to

revent the generation of harmonic and intermodulation signals.

Requirements for screening effectiveness, i.e. the
distyirbances, are under consideration.

NOTE 2 A number of such filters may be required to deal with more than one

NOTE 1 30 dB filter attenuation at the fundamental frequency of the equipméni under te&st is normally
ddequate.
N

inted

8 |Measuring receivers for the frequency ran { i ithde

APD of disturbance is defined as the istributi e ¢ ili i the

amplitude of disturbance exceeds a spegfi

APDQ can be measured at the output of the dete i ircui f an
RF measuring receiver gra 3 8 . i i be
expressed in terms of the cb din sire i input.

Usuglly, an APD measy

The|APD meas and
may| be attached tasg

The|APD measu fuh ~ 9 j [ i . ach
uses comparg (Figure G.1). The equipment determines the probabilitigs of
excgeding a‘set O AEQSSIS amplitude (i.e. voltage) levels. The number of levels equals
the humbeé R atoxs. Another possible method involves the use of an analog-to-digital
conyerter.a log ircuit, apnd memory (Figure G.2). The equipment can also provide the APD

figure for a~setiof presgssigned amplitude levels. The number of levels depends on| the

resdlution of-thie~analoy-to-digital converter (e.g. 256 levels for an 8-bit converter).

APDO measurements using the aforementioned function are applicable to products or product
families”if their potential to cause interference to digital communication systems is t¢ 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)
b)

c)

The dynamic range of the amplitude shall be greater than 60 dB.
The amplitude accuracy, including threshold level setting error, shall be better than
+ 2,7 dB.

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

9.1

Distirbance analyzers are used for the automatic assessm
of d{scontinuous disturbances (clicks).

A ‘click’ has the following characteristics:

a)
b)
c)

NOT

NOTE
alim

Theltime param

meagsuring receive

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

H H 4 N AL "
measutrinyyg SYuUTpTieTit witlh art ArD COTTVETLCT.

Disturbance analyzers

General

rate and durgtion

A sgries of short pulses e i rom
the * i
and

start of the first to thé
c) are fulfilled.

s a)

the

with

g of
tput
of the-measuring receiver. For these measurements, only the part of the disturbance|has

be.considered which exceeds the IF reference level of the receiver. The accuragy of
dration 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-peak amplitude of a
disturbance.

The amplitude in the quasi-peak channel shall be measured 250 ms after the last falling
edge in the IF channel.

The combination of both channels shall comply in all respects with the requirements
of 4.2.

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.

Figure F.1 presents in a graphical form all the waveforms listed in Table F.1 for the

performance check of the exceptions from the definitions of a click according to 4.2.3
¢f CTSPR T4-1:2005.

@%
&
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Test |IEvaluation by
No. Test signal | the analyzer
|
| -
1 0,11ms/1 dB | 1 click
9,5 ms/1 dB I
2 | 1 click
Rm‘kgrnund' naise or CISPR pluses 200 Hz- -2 5 dB (QP) ]
190 ms/1 dB
3 click
Background: noise or CISPR pulses, 200 Hz: -2,5 dB (QP)
hexthanycli¢ck
4 1333 ms/1 dB /\
5 210 ms/1 dB ﬁwomer than click
I
30 ms/5 dB 30 ms/5 dB I
g I 180 ms I /\ /(> @  Other than cligk
30 ms/5 dB 30 ms/5 dB \—J !
i I 130 ms I (_\ l 1 click
f
30 ms/S dB 30 ms’§ dB w |
8 210 ms | 2 clicks
|
| Other than cligk
g ||||||||||| n. 21 pulses/0,11 ms/periodicity 10 ms/1 dB
|
3 \/ |
14 265 m I 1 click
/-28dB I
ms/ B |
and B: 1 034 ms/Band C: under consideration .
11 i | 2 clicks
|
190 ms/25 dB 30 ms/-2,5 dB/2 dB IF
|
2 - Band B: 1 166 ms/Band C: under consideration \ : 1 click

30 ms/-2,5dB/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
g?i?l:lslf:: of impulses f
S individually adjusted in the . Graphical presentation of
z relative to QP . intermediate Sfe_paratlnon the test signal measured
a requency output of impulses : s
2 d’eft‘"enc‘:th A e o™ | or neriodicity | Evaluation by |, " the IF-output and |
Indication o e e assocrated
measurement measurement (IF-output) the analyzer relative to the referenm
. receiver
receiver ms
dB ms
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
1 1 0,11 1 C|i0k<
/\ N I~
6 i ot
)/ 1s
2a| 1 9,5 - § click
/\ \ﬁ 22s
Y BE /\ NO\> 1 click
QX\\
\/ .~ .
2,2's
4 1 1333Pb Other than
click
Al %
5
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4)

Test signal parameters

1 2 3 4 5
QP .amplltude of Duration
impulses - f
- of impulses
. adjusted . N . .
o L O adjusted in the Graphical presentation of
= individually . . Separation i
< relative to QP intermediate P the test signal measured
I frequency output | of impulses . in the IF-output and
) reference AP P
F | iodicati of the or periodicity | Evaluation by the associated QP signal
indication of the the analyzer N 9
reasurernent measur_ement (IF'OUtPUt) relative to the referenc
receiver receiver ms indication of the
ms me ent receive
dB
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2 A (\
5 1 210 Other than >
click (210 m
N,
N
e
\ AN
/\ >§ T~
vl
6 L/ [ PR
)\/ 1s
6 5 5 30 30 180 Otherthaf
chick (240 ms)
LA o
Qs ] N
7 5 & 30 W 130 1 click
QXX ~=
E
,,,,, s
8 5 5 30 30 210 2 clicks
,/F\\
yd ™~
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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 . .
o individually adjusted in the . Graphical presentation of
z relative to QP intermediate Separation the test signal measured
" frequency output | of impulses . in the IF-output and
@ reference or periodicity | Evaluation by - !
F | indication of the of the P y th | the associated QP signal
. measurement (IF'OUtPUt) € analyzer relative to the referenc
measurceimerit receiver . d. t. f th
receiver ms indication ot thg
ms me ent receive
dB
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2 (\
9 1 0,11 Periodicity 10, Other than 3
minimum 21
pulses
% 7
; I I
10| -25 25 30 30 [N\ 2 Delick”
\\)\/ : |
\/\ > P =
A\
11] 25 —26 ¢\ \190 W 1034 € 2 clicks d
/\ > e
N N
Q / X
| N
| -
\/ \\
oo .:‘.rf'.‘ e U
S T e
12 25 -2,5¢ 190 30 1166 ¢€ 1 click
4N
AN
/ N
| N
|
™N
P A i
S . : s
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Table 17 (4 of 4)

a

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

Observations:

1) The graphical representation is done with peak measurements of a very short hold time (<1 ms) of the
test 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 respanses 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 BSi-
peak threshold is not exceeded
d |If these two pulses are measured as separate disturbances, only one click wilNbe
€ [The correspondent values for the frequency range above 30 MHz be
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 to a
conyenient frequency.
AC red.
A si PRF
cov{ rs 2
and
The time
of th een
110 e of
the p a)
in th
The
a) The CW signal_is connected to the input of the measuring receiver used in conjungtion

with thexdisturbahce analyzer. The amplitude of the CW signal is adjusted to bring| the

eter jndication to the reference (zero) point on the meter scale of the measuring receiver

quial to a value identical to the QP-limit for continuous disturbance. The receiverl RF
sensitivity (attenuator) control IS adjusied 10 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.

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.

@%
&
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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)

A1 General

Thig annex sets out the data for the numerical calculation, and the procedure for establishing
the purve of response to repeated pulses. The assumptions inherent in wethodare jalso
statgd. The calculation is divided into three successive stages.

NOTE The text on the rms detector in this annex deals with the rms measuring {eceive c 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, « that
defime the overall selectivity of the receiver.

It isjlcommon practice to consider that'thi pr two
critically-coupled tuned transformers\arranged ired
passband at the —6 dB points. Any otherequi ove
for purposes of calculation. The practical sym the
equivalent low-pass filter for ca of the pulse response. The e¢rror

Thel|envelope of the p

A(]) = 4a)0Ge_w0@ 1)

whefe

@o

The|envelope’of thefesponse of two critically-coupled tuned transformers to an impulse area
vt ig, from the previous equation:

A(1) = (07 By Ge™ ™ (sin wgt — wyt 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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2tz o (A4)
Bs = = 0,360y
T
Bg = V2xaon _ 0,450 (A.5)

T

The effective bandwidth of a receiver, comprising an idealized rectangular filter giving the
same rms value of response as an actual receiver, is equal to the power bandwidth Af defined
as:

w [%JI+®F2(f)df (46)
FO -®

whefe

F(f) is the selectivity curve;

Fo is the maximum value of F(f) (assuming a single

The|power bandwidth is then, for Fy =

N IREGY (A7)
Taking F(f) from Equatio

2w
[(wo +M

this [leads to:

Af:jo 2 (A.8)

Af|=0,2€
thus:

B3 0,963 Af (A.110)

A.3 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 by the equation:

@-+UI(RC) _ Alsing — @ cos9)
dt TxSxC

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

Thig equation cannot be directly integrated. A value for the product

consgtants chosen satisfies the above conditions, is found by

example:

in Band A:
in Band B:

in Bands C and\D:

By inserting th
isolated pulse or Yep

place of the constg

Thig| case of fepeats
the putput.voltage ofkthe\dete
of this
two successive pulses

A.3pR

The

Responseof the indicating instrument to the signal from the detector

1)

fime
for

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

be solved practically only by arbitrarily assuming a level for
Or at the start of each pulse, by determining the incremen
alsed by\the pulse, and then finding the spacing which shall exist between
in order to repeat the assumed initial conditions.

AU

only-simplifying, but perfectly legitimate, assumption is that the rising portion of| the

outputwoltage of the detector is instantaneous

The following characteristic equation then has to be solved:

—t/TD
dzal[ZdaJl1 |1
2 R
dt Iw dt ) 14 T
where

is the instrument deflection;

a(t)

(A.12)
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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
calculation becomes more complicated. At the start of each pulse, the instrument deflection is
varying and it is necessary to find a solution that takes account of the initial position and
velofity.

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

A.4n Output voltage and amplitude relationship

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

42 1/2
+o0
o= oy A3)

whefe n is the pulse repetition frequens

The|output may also be deduced from the frequerc ponse curve as:

U (A.114)
whe iform frequency spectrum.
This

Uy (A.15)
Which, from\Equatietr'(A.7), gives:

Unha S42 xvrx n x JAf (A.J16)

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

= Vs (A17)
Jar
or from Equation (A.10):
139
VT = ——1NS (A.18)
V3
A.4.2 Calculation of overload factor

The|overload factor corresponding to a pulse repetition frequenc
follows.

From Equation (A.16):
Unps = (07)x (Z”Af)”z

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

A(t peak = 0,944 X VT X o

Thus the overload factor:

1)peak B

sation of rms meter and quasi-peak meter

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

(A.

i as

19)

tase

when reference is made to the bandwidth at 6 dB.

For the quasi-peak receiver, the value of pulse (v7)

ap’
signal of 2 mV, is as follows:

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

which is equivalent to a sine-wave
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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 fallowing relationships for (nr)””b/(nr)w exist:

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

Whms _ 143 48
(ur)qp

for the frequency range 30 MHz to 1 000 MHz:

_)rﬂ =20,1dB
(ur)qp

These relationships are valid for a putse rs
frequencies, it is necessary to use the corxesps

of 100 Hz. At other repet
ponse curves.

tion
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Annex B
(normative)

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

Pulse generator

B.1.1 General

For checking compliance with the requirements of this standard, a pulse generator is.nee
Compliance with the requirements of 4.4, 4.6, 5.5, 6.5 and 7.5 may be t ing_the p
genegrator technique.
For [each frequency band of the measuring receiver under test, the sed sha
capable of producing pulses with the impulse area specified a e, rangeof repet
frequencies given in Table B.1. The impulse area should qthin +0,8°dB and
repgtition frequency to within about 1 %.
Table B.1 — Pulse generattr(lga}aker\is
Frequency band of Impulse\are % @epetl jon frequency
receiver under test
s Hz
MHz x
0,09 to 0,15 13\,5\ 1,2, 5,10, 25, 60, 100
0,15 to 30 \ oo\ N\ | 1.2 10,20, 100, 1 000
30t036Q N\ [ 8044 \ 1,2, 10, 20, 100, 1 000
300 19,000\ \(see Note) 1,2, 10, 20, 100, 1 000
The ratox_should e capa e\o@ming pulses of adequate impulse area with
a spégctrum ug(to 1 060 MHx:as uniformy’as possible.
B.1.2 of\the\generated pulses
The|spectru cupve that represents as a function of the tuned frequency o
receiver 3 ariation of the equivalent voltage at the input of a measy
apparatt Nt bandwidth.
The|spectrumysheuld pe substantially constant up to the upper limit of the frequency ban
the receiver.under test. The spectrum may be regarded as satisfactorily uniform if, within
band, thie yvariation of the spectrum amplitude is not greater than 2 dB relative to its valug for
the |ower frequencies within the band. The impulse area at the measurement frequency ¥

Hed.
ulse

| be
tion
the

the
ring

d of
this

hall

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, Bg 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

i =
roducing on the oscilloscope a deflection equal in amplitude to t
ulses.

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

L
AN=5

The|measurement is repeated for various test freque

The|spectrum of the pulse generator is given b
frequency.

The|receiver used should be linear for the

The|suppression of parasitis_responses

The| measurements mja
using the quasj '
frequency of the

eak of theg

and
RF

hent

Ses,

ion,
ition
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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)

C.1  Measurement of impulse area (4;,,)

c.anf General
Theoretical and practical investigations have shown that, when applied \ onable dare,
accurate methods of measurement include those given in C.1.2 to C.15
c.1.2 Area method
The|pulses to be measured are fed through a narrow band filter 3 d at
frequency f having a symmetrical amplitude characten 3 ase
chatacteristic (in conjunction with a filter, an amplifier r din
its linear range).
The|total area under the envelope A(z/) of the into
account the sign of different parts of is W the
equation:
+00

2(4imp) = S(f)= [ A (&, Nat 1)
where

S(/)

Ay s

In applying ff uati p bermediate-frequency amplifier of a low-frequency receivégr or
a dipturb asun s to
tung across th ifier
is taken dires 0"aN ossilloscope for the area measurement.

In g variation 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 oscilloscopg 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:

g VK VY2 (C.2)
T 25 2F

whefe Vi = V42 is the peak value of the k-th harmonic.

The|pulse generator may then be used to calibrate the pulse respons t of a
meagsuring receiver in which the bandwidth is sufficiently widexto onic
comjponents (approximately 10 or more within the 6 dB bandwi

C1p5 Energy method

(resistor) with [that
this method is sgme-
ethod may be usefyl at

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)

C.2| Pulse generator spectrum

C.2. | be

kno

C.2.

C.2. not

depg

C.2. ¢ piiance with 4.4, 5.5, 6.5 and 7.5, the generator frequency

speq . nt is

congi

a) i he/frequency spectrum is substantially linear with respect to frequg¢ncy
ithinsthe frequency passband of the receiver, and the spectrum irregularity does| not

¢xceed 0,5 dB within the receiver passband measured at the —6 dB points;

b) ifthe frequency spectrum is smoothly tapered a¥a sides frg e {u a sguency
of the receiver, and if the spectrum width at the —6 dB points is at least five times greater

than the receiver passband at that level.

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

Influence of the quasi-peak measuring receiver
characteristics on its pulse response
(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 time
constants plny the maore important role No tolerance has bheen stated for these time

congtants, but it is suggested for guidance that a value of 20 % is considered reasonable,

It is | be
mos| the
accy ants
preg

Exa ting
instiument provides a check on possible non-linear behawviourygf % most
critiq 3 i ) Hz

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 of

a narrowband circuit having a symmetrical frequency characteristic is independent of| the
bangwidth, and is given by:

—+9

A (t)dt = 201Gy (§.1)
whe and
Gy i
Thig Jope
is ch it may
be n b, In
the e.
NOTE error
intro
As hé IF amplifier, the average value is
prog [ B, 1
The
In view of Equati \ red meaningful to define an effective bandwidth for
an gverage measurif i
E.2
For s, it
is ug s ctor
circyit as followss

Al max
Bl &2\ /max H.2
P 26, (§.2)

where A(t),.x i 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

Af|mp
Afe dB
o
\

Single-tuned stages

y

1,10 —

o5 / (\
.
/ Double tuned stages critical coupliQ
1,00 \

0,95
1

Correction| factor

IEC

Figure E.1 — Correction factor for eg /B¢ for other tuned circujts

imp

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

At g repetition rateNg
avelage measuring

at the tuned freque
impedance as the/pis

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

orle 24 vk (5.4)

At a|repetition 00 Hz, vris 14 pVs.

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

for the frnqnnnr\y range 045 MHz to 30 MHz:

M:329 dB
(UT)qp

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
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

Rg

Rp

whe

For
rate
ratig

1,25
1,67

E.5

tion
tant

The| value of impulse| atea pfoduce a response on a peak measyring
recdiver equivalent tae unmodulated sine-wave signal at the tyned
freqliency of rme
—1— mVs (with(B; (H.6)
Bimp
From th dths, specified in Table H.1, the By, values are obtained as 1,058¢ see
E.2) d_the> corresponding Aimp values required for a peak meter are shown in
Table E.1
Table E.1 - Bjp,, and 4;,,, values for a peak measuring receiver
Frequency A, N B,
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:
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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.

X HHHHHHEH N TN T I T T T T I T
a, - - %4 f 44 BRIt 4 ARS1 (ﬂ'RCBG ) H]
T AR RSN SHRREARIRI b1k FHORL a= i
T i T L AT RpN i
i f n i 1 HHE i Re = Charging resistance (Q) B
: ii f it : Rp = Discharge resistance (Q) -J
I t A i‘ET §5I EEWER RN RN AR ) ;
. PR AL Y i i [0 Be = 6 dB bandwidth (Hz) B
100 = — dedigidld . H
RERR FOER AL it T L) N = Pulse repetition frequency (PP ¥
SRR FREED ATt Lk it SRS aaa oAbt B
o "H. i :53 " T S P = Meter reading as a perceelé(xof tr% ]
. SR BN 8 S s AE AT 1 00 ]
80| e e s an B eleia e s mo et Rpaetpa o P01 OSP4 8 B8 SRR BRSO Soah it 810 S50 0% O30 |
R e e R P R
rnus i o it - : e B Y e E sy |
s i RaRBRY 8 et 1 — i : ; 1 8 B
it s s SR i S B
B 0 NS e 3
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yual T I e I Hl) :‘I._.'_W
it EES) M Lt 4 B9 18
71 ] e e B
N i i 2
i HIR 18k SR ]
- i
Hil ™11
B 1
: i i g I8
20 . 88 n
. S
0 [
1p- 10
[
IEC
E.6
Pulg \ s WiEa unjform spectrum up to 18 GHz are not feasible. To test the response
of measuring e srs @bove 1 GHz to pulses and to verify the amplitude relationship of
vari ueashring receivers, it is practical to use a pulse-modulated carrier tundgd to
the . The pulse width shall be less than or equal to (1/3 B,,,,). The accuracy

reqyiredrsin the relevant subclause. In addition to a measurement of the pulse duration using
an ) : ) o .
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.f.) equal to an
unmodulated sine-wave signal at the receive frequency having an e.m.f. with rms value of

2 ml/ [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 with a Bimp
of 1|MHz.
For|a measuring receiver with an rms detector, the impulse an
unmodulated sine-wave signal at the receive frequency having~an\e le of
2 mY [66 dB(nV)] shall be 44(B51/2) uVs for pulse repetition<rate ulse
bandwidth B, ulse
areg is 52,6 nVs, that is, 31,5 dB higher than for the peak b of
1 MHz.
£RBW 9
VB khiz 61,99 dBuv
Ref. 90 dBuV t 0 W 3,1 @1 00 000 00 MH
. O gég ; & .
> LB
1pk 0 >
CLRWR
70 < {\ s)
. /JV

11 VRSN

5 > \// \ PRN

S /\\ A

20

IAN
-10
Center 128 MHz 5 MHz Span 50 MHz
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.71 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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U,

Binp = -2 (E.7)

If U,

D

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
wave signal, which is the case for CISPR measuring receivers.

sine

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

ulse width (at 50 % points)
Pulse repetition frequency (PRF)

1
T

fo= Ti Carrier signal frequency
0

IEC

are ||eing two measurements, Under certain circumstances,  the enlnr‘fi\lif\ll curve of a
megsuring 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_paower
bandwidth or equivalent noise bandwidth, which determines the rms vafe of Gaussian npise
wheh using the rms detector of the measuring receiver). B, |s det i thelselecfivity
curve of the IF filter, the (possibly non-linear) phase response [ and the vjdeo
bangwidth of the receiver. It is wider than Bg, but there is no generalactonfor'the relationjship
between B;,,, and Bg or B3 of the receiver.

E.7.R Method 1: Measurement by comparison of there ¢ imp to two pulses
with identical amplitude and width but wi pulse repetition
frequencies (prf)

Thigl method applies a pulse-modulatec ig i rt pylse duration as shown in

Figure E.4 and two different prfs. WitK the\i R e‘eceiver can be tuned tq the

carrler frequency as shown in Figure E} ' 3 5 (fp « Bimp), the spectrum will

appear as a broadband signal as in Figu .60WH pulse spectral denS|ty of D = U1><r The
pulse shape (amplitude U, and duratio i endent of the prf. For B, = 1 NHz,
fp1 gould be selected to be 30 MH

Figure E.4 — Pulse-modulated RF signal applied to a measuring receiver
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Voltage

Frequency

IEC

Voltage

RMS value of peak
of transient response

Frequency
IEC

imp Much wider than the prf

With the first eeasure amplitude U, can be expected as Up = Uy x 7x f,q. [Low
e achieved by a high signal-to-noise ratio. But care shal|l be

measurement uncertai g
taken to avoid, overload \Withvthe second measurement, the maximum response of the|rms
value of i ansient can be expected as U, = Uy x7 x Bjy,,. If the product Uy x ¢

th measurements, then B;,, can be calculated from the |two

is perfectl
measurementresults as shown in Figure E.7 using Equation (E.2):

Bimp Ep1 X ——
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U2 oo Up = Uy x Tx [

Receiver response

Up =Uyx 7% Bimp

Up &
1
1
1
T
1
1
1
1
1

fp2 >> Bimp

E.7.3
al

If a pulse generator that retains a constant ampk i not
avaijable, method 2 can be applied wi PN i ¢ iple
as method 1, i I gh prf signal, the se¢ond
measurement is made with a filter muc ¢ 3 he method is also descrjbed
in C|1.5

Thig method determines the , ‘ ity D\using the equation D = U, / f,, wherp Uy
is the measured voltage ¢ e i i.e\the carrier frequency, if the signal |is a
pulse-modulated carrig er line at the/receive frequency, at which B, is t¢ be
megsured) and f, is the pef. i shalNbe much higher than the narrow bandwidth|and

much lower tha - Bharrow € fp « Bimp- Example settings coulf be

MHz. The method requires a comparison of| the

responses of the Whba i arid of the filter to be measured by applying an
unmodulated singwe h filters and deriving a correction factor ¢ for| the
calcpulation of D i being the value for the wide filter and U, being the vgalue
for the narro c = exUilf,. When D is determined, Up is measured with the
pealk detestor\a : ‘ 8. Calculated using Equation (E.2).

E.7.4 > : edgration of the normalized linear selectivity function

Thig method-has the/advantage of high precision and is applicable for filters with a perf¢ctly
linear seleetivity function (e.g. digital filters, or per specification by the manufacturer) |and
wheredthe video bandwidth is much wider (e.g. 10 times) than the impulse bandwidth

. B )
(Byides™> =Imp7-

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 MH=z

MHz

-3 000

N
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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) {he 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 whi QP level

imit for continuous disturbance;
e) an indication that the appliance failed the test, if it is clea

pbxceptions can be applied;

f) {he time interval from the start of the test to the o
inder e);

g) the total duration of disturbances other than gh ) vel limit of which exceedg 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 | Egyajyation in the IF output and
indication of the of the periodicity by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
TETEIVET TETEIVET ms indication of the
measurement receiver
dB ms
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
{
1 1 0,11 1 click
<10 ms
Q\ =
/\\ ARNE
41 1 | (-
e At
C }Z SIS s00 b
2 1 9,5 N Pelick”
< <10 ms
Q \/ bk I
/\ \/\\x 500 ms
3 1 103\ 1 click
>10 ms,
<20 ms
$ Ps
/ gl g N1 Pyl
WWW”WW

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
|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 periodicity by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
TECEIVET TECEIVET ms indication of the
measurement receivern
dB ms
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
< {
4 1 19 1 click /\
>10 ms,
<20 ms< \
N
% =
™ Pph Ll [ A
O A
<\ )\/ 500 s
5 1 21 N Delick”
< 520 ms
Q \/ | | m ;1 \ ol
/\<</\\/x 500 s
6 1 190 1 click
> >20 ms
$ 7~ ™~
v
7 5 5 210 210 150 IF
only once per
program cycle
or per
minimum -
observation L1 ™~
time: counted ,
as
1 click >20 ms
(See E2 and
Note 1 of this
table S R D
’ 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 | Ey5jyation in the IF output and
indication of the of the periodicity by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
TECEIVET TETEIVET ms Thdication of the
dB ms measurement receiver
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
N {
8 5 5 220 220 190 FAIL IN
Continuous
disturbanc L
< 1s
9 5 5 190 190 T 1
he final click
rafe is less than
(\ >
/—f_\
\)\/ 2 clicks >20 ms i B
(See E4 and i
Note 1 of this
table; \
refrigerator rule;
also see Note 2 T
of this table)
1s
\ 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 1E
the final click
rate is less than
5:
/’_\\\
2 clicks >20 ms / N
(See E4 and
Note 1 of this
table; also see | |
Note 2 of this W
table) R T T N S
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Table F.1 (4 of 5)

Test signal parameters

1

2

3

4 5

QP Amplitude of
impulses adjusted

Duration of
impulsesP

individually adjusted in the i 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 periodicity by the the associated QP signal
measurement measurement (IF-output) analyzer relative to the reference
TETETVET TETETVET ms indication of the
dB ms measurement receiver
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2
OTHERWISE IF
ring
3
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 ngt
) e is required.)
% 13
12l | 20 @ 15 5N\ Pllse 1+ |35 clicks < 10 ms
Pulse 2, .
< ?e;eated until |8 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 Lo .
between each |NO exception is applicable.
impulse is After application of upper quartile methogd
13 s the final result will be “FAIL” because thg
click amplitudes are too high.)
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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”)
In program-controlled appliances, a combination of clicks in a time frame less than 600 ms is allowed once
per selected program cycle. For other appliances such a combination of clicks is allowed once during the
minimum ohservation time This is also valid for fhprmn&fnfir‘nlly controlled fhrnp_phn:p switches r‘qllein\
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 amplitudeof thexcligks.\Nf one ese

For appllances which have a click rate less than 5, any two disturba N ing~a Maximum duratiop of

NQTE 1 The analyzer has to apply exceptign

NQTE 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 3l
NQTE 3 The relaxation

depends on whether 90
Therefore the check wavefor i 207dB over the limit) never can pass the upper quartilg
check according to/CISP t no more than 25 % of the clicks are allowed to excged
the click limit.

a Test signals used fo the
gccording to CIS

b The rise times.of the 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

3 10,5 ms/1 dB 10 ms, <20 mg
19 ms/1 dB /\QC"&\\W\I“\SQO mis

21 ms/1 dB 1cli 0 ms

'S
- Em -

6 I 0TS B

v 1 click <600 ms
7 210 ms/5 dB 210 ms/5 dB (\ . I(DUT programme-controlled)
N
Continuous
8 220 ms/5 dB 220 ms/5 dB >600 ms
|
\) 1 click <600 ms
190 ms/5 dB | (counted as 2 clidks
9 — N refrigerator rule

|
for N <5 - 2 clicks
| for N >5 - continuods, or

1 click <600 ms
for programme controllgd DUT

10 50 ms/5 dB
m
|

1 5 ms/20 dB 'Ses mm | 36 clicks <10 ms

Vv
I 13s 13s@\13s 39 13 s I 13s I 3s Irepeated up to 40 counted cllcks 4 clicks >10 ms, <20|ms
|
12 | J5mskodB pu'seS’ Ms/20 dB 35 clicks <10 mps

v |
repeated up to 40 counted clicks I5 clicks >10 ms, <20 :rTs

135 133' 13sjg 13s

| IEC

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

The dynamlc range of the amplltude is defined as the range necessary to obtam the APD.

[
gervice to be protected. However, the spectrum ana h s
gpecified as 1 MHz for the frequency range shall
I:erefore be greater than 10 million samples per
c) Maximum measurable time
C s of
i APD
y is
lfjmited ipds.
, time
is less than 1 % of th
d) Minimum measurah
bout 100 oc | the
inimum meéfkfy
ssuming 2 mih
fate, the probabili
e) Disple
The a and
s to
less than 0,25 gnge
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

Pre-assigned
level No.1

Y

Comparator No.2 Gate No.2

Counter No.2

}_‘

D_

Pre-assigned
level No.2

W

Comparator No.n

}_‘

Gate No.n

N\

e
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Pre-assigne
level No.n

i

Figure G.1 — Block

RS

ra ARD

1

AN

urement circuit without A/D converter

+1 increment

y

A

v

address

N\g}
M /D\convé&rter|

RAM(0)

IEC

RAM(2V-1)

Figure G.2 — Block diagram of APD measurement circuit with A/D converter

IEC
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w
@
@ 107° N\
< EUT:ON
2 T
2
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£
g
2 107°
2 EUT:OFF
2 (receiver noise)
a

107°

20 30 40 50 60

Figure G.3 — Example of display,

@@

Amplitude dB(pV/m)
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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
pulses as specified in 4.4 are calculated on the basis of the measuring receivers having 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{) MHNz t0 4,000 MHz
\/120

Banglwidth at the —6 dB points,

0 MHz
By it kHz 0.20 AN \\
X

Detgctor electrical charge time 45 \ \/ 1
Detgctor electrical discharge time

congtant, in ms
congtant, in ms 500 (\ \}] /\16 \/ 550
NS

Mechanical time constant of critically A\
T ) 1 6 100
damfped indicating instrument, in ms

Overload factor of circuits preceding

h 24 30 43,5
the gletector, in dB ~
Overload factor of the d.c. amplifier Q
between detector and indicati /\6 12 6
instjument, in dB A 3\/

NOTE 1 The definition ofl me i i stant (see 3.8) assumes that the indicating instrument is lirjear,
i.e. lequal incrementS\of i ents of deflection. An indicating instrument havinng a
diffgrent relation @ an be used provided that the instrument satisfies| the
reqdirements of this sub trument, the mechanical time-constant can be simulated py a
circyit.

NOTE 2 No tolerange i rical and mechanical time constants. The actual values used |in a
spegific receivm termined by the design to meet the requirements in 4.4.

RN
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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
typically implemented in test instrumentation to achieve compliance with specifications called
out in this standard.

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

QLO speaker
+> Y

Detectors

Mixer

Quasi-peak/
RA —| _— m ~‘ D(\ 1 average

¢
@Q&§>— wl

Attenuator Preselection Preamplifier

Sweep Display
generator

Example\blotk diagram of EMI receiver consisting of swept spectrum
preselector, preamplifier and quasi-peak/average detector

a) Pwept)spectrum analyzers are scanning instruments, which tune their local oscillator (LO)
frequency continuously to cover the selected frequency range of interest. Some [EMI
ECelivers perform a Stepped SWeep, 1.e. the mstrument 15 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
stated specifications in 4.5.

Swept spectrum analyzers may not have a quasi-peak detector built in. This standard
equires spectrum analyzers to meet the stated specifications in 4.4 for quasi-peak
jetection. However, the documented requirements for pulse repetitionAfegquencies_arg not
hpplicable to swept spectrum analyzers without preselection.

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

@@

pady
ires
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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
cardfully 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

invalidate the usability of a spectrum analyzer without preselection fo asurement of
impulsive signals with pulse repetition frequencies down to 20 H i ) i-peak
detdctor as specified in 4.4.2.

Therefore the operator of a measuring system that includes{an a shall
detdrmine the limitations of the system and shall apply lineari RS em.
Autgmated measurement results with external preamplifi S verified using a final
manual linearity check. The information given in this anr idE idapCe for the usg¢r of
emigsion measurement systems.

J.2| Considerations for optim

Internally, measuring receivers are desi mum sensitivity while avoiding
ovellload. Built-in preselection in the meas avoids overload by impulsive signals.
In spite of preselection, m [ av¥e no linearity reserve for quasi-peak
megsurements of a single j nin
measuring receivers ¢ low
PRHA.

The| use of ané;ié ther
possgible measures f s5ing
medgsuring receiver? low
loss| connecting cables: nce
limit) and all o the
system noise\leve . R 25
[14]1 If higt 8 not
recdmmended:

From expgriences_gexternal preamplifiers are not needed for radiated disturbance
medsurements to Class B limits of CISPR 11, CISPR 22 [13] and CISPR 32 [15], either at|3 m
or gt A10-m 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 1 The gain in sensitivity is understood as the difference between the noise figure without preamplifier
and the system noise figure with preamplifier.

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

ise of an external preamplifier requires that an accurate g 5. frequency
Characterization be accounted for in the measurement result;

the uncertainty of the gain as a function of temperature_and agin the
hdditional mismatch uncertainty between the preamplifier’o a iver
input port, shall be included in the uncertainty budgef. fox the m¥g nert; input

mpedance shall, as far as possible, comply with tke r \ f ring

for CISPR Band E, a system consisting of a ring
eceiver shall be designed such that it cannof he\overloaded<\y sigrals of lower frequency
pands, and/or by any signal whos C i red;
p.g. the ISM signal of a microwavé

F = e and,
kT, B

for an ampli@

(J.1

J.2

is the neise.output power;
is calculated from the gain, G = 10 Igg, respectively g = 106/10 ;
ig’Boltzmann’s constant = 1,38 x 10723 Ws/K and kT, = 4 x 10721 W/Hz;

is the absolute reference room temperature (293 K);

is the noise bandwidth (e.g. of the measuring receiver).
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Preamplifier Receiver
Fy, g1 F,
(23] ac2
— D
IEC

Eigure J 1 — Receiver with preamplifier

In Flgure J.1, assuming that the cable attenuation a_, = 0 dB, then

1019 Figt = e +10Ig(F1 - ‘1j
&1

whefe Fi; is the noise factor of the system at the input cakl

as to be replaced by
and/or connecting the
tenuation a4 adds tq the

If a, # 0 dB, then the preamplifier gain factor g4

10(61 - 2,010, Cable attenuation a4y = 0 dB is aghj
pregmplifier directly to the antenna. If
system noise figure as shown by Equé

Statp-of-the-art preamplifiers typically fave nolse es of 3 dB or less, corresponding|to a
noise factor of F; = 2. Receivers with typically have noise figures arqund
8 dB, corresponding to a majse fa s high noise factor is due to attenuation

caugsed by preselection ak gr i 3\ i i gsses of the receiver. Receivers without
built-in preamplifiers typica i igures) around 15 dB, corresponding to a nfpise
factor F, = 31,6.

NOTE 2 The noise@ 3 iver can be determined from the indicated noise level uging

10 1gF, = Vi,
wherge
Viay | is thestecsjver noi near average detection, in dB(nV);
By ist
Whay| IS the notsg,w gctor for linear average detection, in dB.
EXAMPLE Kay = — N7 dB(nV), By = 85 kHz (for B; = 120 kHz), and wy,, = -1 dB, then the noise figure
10 IgfF, = 8-dB.

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
approximately 4 dB for Band B, and 6 dB for Bands C/D; for peak detection WNpk is up to
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 preamplifier 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 use
pregmplifiers with a gain of 30 dB or more.
Table J.1 — Examples of preamplifier and
receiver data and resulting system noi
AN
Preamplifier asuni r\e\c\i{er> Systeql
Noise factor | Noise figure Gain factor Gain Noise\f%:t\\‘ Noﬁ\e figure Noise fighre
F, 10 IgF, < 6, \| /g 10 1gF, 10 1gF,),
@ LN AT D S @
2 3 104 N| N2 ([ \e3 |7 8 4
2 3 10 NN e 15 7
2 3 60 (| ~a8 316 15 4
J.3 Linearity spe ns in measurement
The| dynamic r defined by the 1 dB compression point, 3 dB
comfpression point, To avoid distortion caused by the input signal| the
signjal should idega dB compression point during the entire measurement
time|.
An eéxample screenshgt‘\of thestransfer function of an amplifier is shown in Figure J.2.|The
respons ~ ifier 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 gener|c in
nature (quanti alues) and do not represent specific units
Figure J.3 shows that the sinusoidal signal is distorted in time domain, which is due td the
nonlinear effects of the preampllfler The frequency domaln display shows that the level is

broadband pulse is shown in Flgure J.4.
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Green = normalized input signal; red = output signal

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 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
impﬁove system linearity for the measurement of broadband impulsive signals. Therefore,|two

typels of systems are taken into consideration: systems with, and without/preselection,af the
me

suring receiver input.

A broadband overload detector, which is effective at the input of ¢ 3 sceivers
withput preselection, is used to detect signal levels at the 1 dB,somyressio int first
mixer, to alert the user of linearity problems. The overload d 3 5 an
indigator to assure valid measurement results. Similar overload ection i j for
wideband FFT based measuring systems to avoid over-range 0 i erter
(seg J.4).

Further precautions for measurements include a predictio i r for
the |Imeasurement of impulsive disturpaqces. A g p oise

figure, the 1 dB compression point of\the prea e plete system, consisting of
pregmplifier and measuring receiver, . For CISPR Bands C/D,| the
relationship between the 1 dB compre ne wave signals and the peak valde of

the proadband CISPR pulse signal wit Hz gives a bandwidth factor Fy,, of
85 dB [F},, = 20 Ig(2 000/ . . §_sWow the deviations from linearity |of a
pregmplifier with a 1 dB i [5442\dB(uV), for an unmodulated sine wave|and

impulsive signals.

ww deviation from linearity B
e
, \\
4 A
2,00 \ \\
N\ A\

N

-4,00

-4,50 \\
-5,00

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

Figure J.5 — Deviation from linear gain for an unmodulated sine wave (example)
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NOTE Using Fp,,~= 85 dB, the peak value of the positive pulse sigpal Wi RE ound

37 dB(nV) +12dB + 85dB = 134 dB(nV), i.e. around 22 dB above the T°s 3 i J.5.
12 dB is the quasi peak weighting factor, i.e. the difference between peak™a asi

Thelflatness of the deviation curve for
amplifier nonlinearity is masked by the a
can [be demonstrated using a band-stop

. the
modulation products. This effect
h depth of greater than 40 dB (band-

stop| filter as specified in 4.6) at the {npu plifier. For an acceptable operation
(error contribution less tha i Y i he notch depth shall remain at lpast
20 dB during the intermedulation te e/of 20 dB is obtained with quasi-peak
measurements at a PR ; Hz is a compromise.

eded for quasi-peak measurements at all PRFs.
\plifier used above with 10 dB gain, where the 20 dB
exvel of the input signal is less than 37 dB(uV), and the

Idedlly the 20 d
Thi% is shown in p

depth is retained as

peak level of th ' i i 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 | dB
comfpression\point{o e broadband impulsive signal in Figure J.6 “positive pulse” looks| like
being at/3 k, the preamplifier is already overloaded. The input signal
shodild dB lower, i.e. at 25 dB(uV) quasi-peak, to avoid excessive
intefmodulati

In Fligure<d=6 the “positive pulse” also shows that a simple overload test with a switchpble
10 dB attenuator 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
may 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.

RBW 120 kHz Marker 1 [I2 ]
MT 1s 19.16 dBav
Att 5 dB PREAMP OFF 824 .300000000 MHz
|Aawn | 100 1 GHz|
ES
1=
VIER 5o
2 =
vIER |
e Lo
15
SN \
axE
40" \\ //ﬂ/\z—w—_—{\ Dc
30 W < \
20 ‘\‘\w'l\l“ <\ N
10 \\
0 /\ \

636 MHz Wz
IEC

Fi

10

ure J.7 — Screenshot of a band-stopfi t for\a preamplifier at around 818 MHz

1 GHz

R}

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


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

-90 - CISPR 16-1-1:2015 © IEC 2015

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-ftop
filtef test in Figure J.7 and the average detector noise level Vy,, determy Jhe differ¢ence
Vo T VNav marks the crossing of the “Noise” line with the “Average” the 10 dB
pregmplifier above, V,= 37 dB(nV), Vyay= —14 dB(uV) for a noise figure ‘ - VNav
= 51 dB. The noise line in Figure J.11 is drawn from an example w B.
Weighting Weighting functions with nois&
factor/dB (for Bands C and D)
0 P —
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1 7\ [ = Noi
\\ﬁnnh-.. y 1 } \/ \> e
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IEC
Figure J.11-= ighting functions of the various CISPR detectors with a noise curve to
illustrate.the remaining 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"af the T dB compression point, Is equal to the noise level. However for an accurate

measurement, 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 migh
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

t be

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 to the

1 dB compression point. The maximum (positive) and minimum (negative) voltage of the
sign@al in the time domain shall be sampled continuously during the measurement time, |and
comjpared to that threshold level. The 1 dB compression point is defined~or a sinusgidal
sign@l yielding an output 1 dB lower than expected, as shown in Figure J.\{

During a measurement, a measuring apparatus that digitizes the ofl the
external preamplifier can be used to detect whether an oversrange For| the
prededing example, a threshold level of a normalized value in<Figure 900
would be appropriate to avoid nonlinear effects. The thre 1 by
the |system manufacturer depending on the application. t of
harmonics of intentional radiators requires a better hréshold) than| the
measurement of impulsive disturbance. A measuring itizes the input signal
shall fulfil the following requirements, to allow a cayr

a)

b)

c)

Typi hent
instrl s in
sing gting

rang
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Annex K
(normative)

Calibration requirements for measuring receivers

K.1 General

When performing EMI measurements it is essential to use measuring equipment that meets
the specrflcatrons caIIed out in this standard such that the expected measurement

dist rbance power measurements can be achieved. In addrtron th
megsurements shall be traceable (see 3.17) to national or internationall
These requirements can be met by selecting measuring equipment that’i

The| calibration requirements described in this annex are only test
instiumentation (i.e. EMI receivers and spectrum analysers) covered, inth

The| EMC test laboratory is responsible for the selection and, use b ad a ring
equipment as well as the purchase of accredited (af ate)
calibration services. A clear understanding of the —ealibrationy.reguitements related to
measuring equipment is essential to determine the plecessa secifics\ of calibration sernvice
in the purchasing process and to review the obtain gepvice L eipt of the equipment

back from the calibration laboratory, before into service at the [test

labdratory.

K.2| Calibration and verificatio

Calipration is defined as & Se i abli , the

relationship that exists, uder indicati i nent
under calibration and g Y ; ing the corresponding traceable refergnce
stan[dard. Applied fo the me&asuring t i i i igting
of various step@r i ters
through measure S ifi nent

that|was calibrated, S S ory.
The|results of these\cs hder
calibration meg S

The|calibration process i i i i i ign to
be gdjuste that
the jnstrument. does\notheet the manufacturer’s specifications. The goal of the instrument
calibration pro i$ the determination of compliance of a measuring receiver upder
calibration with its published specifications in a traceable manner (see 3.17).

“Verification” should not be confused with “intermediate checks” (also called confidg¢nce
checks); the Tatter consists of a set of operations aimed af 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 measurinareceiversalso defines—the  followina esse. tial
oo HOR—pPFO6eSS roF—ReasuHRg— Re—a+SO0—aeHReS th FoHOWHRG—eSS6

pargmeters that shall be used for proper calibration:

a) the specific set-up of the receiver under calibration for each in| the
calibration process (e.g. in the case of an EMI receiver or spec ning
frequency, attenuator setting, resolution bandwidth setting, and { bach
measurement to be performed);

b) the required test set-up for the measurement of a speC| ic pa 3 e of
bower splitters for ratio measurements and any other rg

c) the required accuracy of measuring equipment usec ‘ e the
calibration process (e.g. required amplitude accuracy and

d) the actual number of measurements to be pe 2 =\ . ypes
bf measuring receiver this sequenge is magdatory 4 the

ation
test
ious

barameters to be completed.
esult for a calibration parameter

e) the reqwred environme diti i i ative

Only if the manufactire i i ¢ ation

measurements 0] ation
labgratory or t e ing its own Callbratlons (also called intgrnal
calibrations) should
receiver. If an alig

er’s calibration process for a specific measyring

ed, it shall be verifiably validated and it shall be stpted
in the calibration ificatent isprocess deviates from the calibration process definefl by
the manufacidre

K.4 23 eceiver specifics

Thig standatd)spéesifigs measuring receiver requirements using a “black box” approach. [This
means thatthe instrument shall show a specific response when a defined signal is appligd to
its [inputs Therefore, the demonstration of compliance of measuring receivers |with
spegifications defined in this standard can be provided through the manufacturer’s calibrgtion
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
frequencies: 100 kHz, 15 MHz, 475 MHz
and 8,5 GHz

VSWR 42,52,62,72

Verification at the following tuning

Sine wave voltage 43 54 6.4 74 frequencies: start frequency, stop
accuracy e En e frequency and centre frequency of CISPR

Bands A/B/C and D/E

Veritication at the tollowing tuning

frequencies: start frequency, stop
Response to pulses 4.4,55,65,75 frequency and cent e frequency,of \CISPR
Bands A/B/C an

Verification followin tun|
Selectivity 4.5,5.6,6.6,7.6 frequencies ce tr freq
Bands %/

The|parameters summarized in Table K.1 are only apphca ency ranges covered
by the instrument under verification and its i ctions. Spedifics
des¢ribed in the referenced subclauses apply in thei e stated toleranges.

It is[to be noted that the requirements ca t 3 rd constitute a subset of al| the
speg¢ifications 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
refefence frequency and frequency respon

If eyidence of compliance withth i egented in this standard cannot be dirgctly
provided through the ma cali iQn process, due to differences in the form of the

stated specifications, test
labgratory in adgi ation
progess.

K.5| Partial calibxa

Oftentimes. the s i i i i ili ning
emigsion urel i idg to
have¢ enco ~ i i i [ sed

to perform measurements. Care shall be taken when specifying such a partial or limited
calibration service because the calibration of the identified functions may require calibratign of
othgr functions as a prerequisite. Such dependencies shall be determined by the |test
laboratery or the calibration laboratory through a review of the manufacturer’s calibrgtion
pro edure If the test Inhnrnfnry does not have access to the manufacturer's calibration
procedure, this review shall be requested from the calibration laboratory as part of the
calibration service purchase.

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
bxpanded uncertainty value applicable to the calibration measurement, and | the

specification is not met.

Upper limit

=Xpana ed
uncertainty range

Lower limit § T m

IEC

n process with application

ncertainty
The be interpréted as follows:
a)
b) N risive, a definitive compliance statement is not possible;

d) 3 not met.



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

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[19]

[16]

- 96 - CISPR 16-1-1:2015 © IEC 2015

Bibliography

CISPR 15, Limits and methods of measurement of radio disturbance characteristics of
electrical lighting and similar equipment

CISPR 16-1-2:2014, Specification for radio disturbance and immunity measuring
apparatus and methods — Part 1-2: Radio disturbance and immunity measuring
apparatus — Coupling devices for conducted disturbance measurements

CISPR 16-1-3:2004, Specification for radio disturbance and immunity measuring

apparatus and methods — Part 1-3: Radio disturbance and immunity measyring
apparatus — Ancillary equipment — Disturbance power

CISPR 16-1-4:2010, Specification for radio disturbance ring

apparatus and methods — Part 1-4: Radio disturbance ring
apparatus — Antennas and test sites for radiated disturbance

CISPR 16-1-5:2014, Specification for radio disturan e ring

( GO ring

ring

ring

and

ring

CISPR TR 16-4-1:2 ificati sr—radio disturbance and immunity measyring

ncertainties, statistics and limit modelling -
S (only available in English)

apparatus d
Uncertainl@

ring
g —

ring
g -

CISPR TR 16-4-4:2007, Specification for radio disturbance and immunity measyring
apparatus and methods — Part 4-4: Uncertainties, statistics and limit modelling —

Statistics of complaints and a model for the calculation of limits for the protectioh of
radio services

CISPR 22, Information technology equipment — Radio disturbance characteristics —
Limits and methods of measurement

CISPR 25, Vehicles, boats and internal combustion engines — Radio disturbance
characteristics — Limits and methods of measurement for the protection of on-board
receivers

CISPR 32, Electromagnetic compatibility of multimedia equipment — Emission
requirements

ISO IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the
expression of uncertainty in measurement (GUM:1995)
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[19]

[20]

[21]

ISO IEC Guide 99:2007, International vocabulary of metrology — Basic and general
concepts and associated terms (VIM)

EN 50065-1, Signalling on low-voltage electrical installations in the frequency range
3kHz to 1486 kHz - Part 1: General requirements, frequency bands and
electromagnetic disturbances

GESELOWITZ, dB., Response of ideal radio noise meter to continuous sine-wave,
recurrent impulses, and random noise, IRE Transactions, RFIl, May, 1961, vol. RFI-3,
no. 1, p. 2-11 (only available in English)

An

Rohde & Schwarz Bé)okshop,

(available  from
http://www.books.rohde-schwarz.com/)

SABAROFF, S., Impulse excitation of a cascade of series tun
the IRE, December 1944, vol. 32, p. 758-760 (only available i
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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'IMMUNITE
AUX PERTURBATIONS RADIOELECTRIQUES —

Appareils de mesure
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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.


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

CISPR 16-1-1:2015 © IEC 2015 - 105 -

Elle a le statut de publication fondamentale en CEM en accord avec le Guide 107 de I'lEC,
patibilité électromagnétique — Guide pour la rédaction des publications sur la
compatibilité électromagnétique.

Com

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
CISPR/A/1118/FDIS CISPR/A/1135/RVD

Le rppportde vote imdique dans e tabteau ci-gessus donne toute mformation sur te vote ayant
abotti a I'approbation de cette norme.
Cetfle publication a été rédigée selon les Directives ISO/IEC, Partie 2.
Une| liste de toutes les parties de la série CISPR 16, p anéral
Spéctifications des méthodes et des appareils de mesure des p s et
de limmunité aux perturbations radioélectriques, peut étre EC.
Le qomité a décidé que le contenu de cette publicatio b de
stabilité indiquée sur le site web de I'lEC sous "http " dans les données
relatives a la publication recherchée. A cette
e (econduite,
e gupprimée,
. 1emp|acée par une édition révisée,
3 mendée.
Le g¢ontenu de la feuilte d’'interpreé 5 en
congidération dans cet e ire.
IM cofour inside” qui se trouve sur la page de couverture |de
cet indigquequ'eHe’contient des couleurs qui sont considérées comme
uti réhension de son contenu. Les utilisateurs devraient, par
co 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;

¢ CISPR 16-4 - cinq parties traitant des incertitudes, des statistiques<{etvde Ia
modélisation des limites.

La CISPR 16-1 est constituée des cing parties suivantes, publié itre gérjéral
Spétifications des méthodes et des appareils de mesure des perturbations’xadioglestfiquas et
de limmunité aux perturbations radioélectriques — Apparel/s de z perturbatjons
radipélectriques et de I'immunité aux perturbations radioélect :
— Partie 1-1: Appareils de mesure

— [Partie 1-2: Matériels auxiliaires — Perturbations
— |
- |

— | acements d'essai de référgnce

— |

La Commission Electrtecmq i EFC) attire I'attention sur le fait qu'il| est
déclaré que la conformj ‘ itiohs du présent document peut impliquer
['utiljsation d'un bpevet\intéressant Ie € r de mesure avec détecteur de valeur moygnne
effigace (brevet @0

L'IELC ne prend pa Qnuguant aNa preuve, a la validité et a la portée de ces droits de
progriété.

Le dé aur e cesyyroits de gropriété a donné l'assurance a I'lEC qu'il consent a négqcier
des |liced s emandeurs du monde entier, soit sans frais soit a des termefs et
conditions raisorgab et’non discriminatoires. A ce propos, la déclaration du détenteur|des
droi ieté est\enregistrée a I'lEC. Des informations peuvent étre demandées a

Rohde & Sehwarz GmbH & Co. KG
Muehldorfstrasse 15
816 H—Muenehen

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

La présente partie de la CISPR 16 spécifie les caractéristiques /et des
appareils de mesure des champs radioélectriques dans la plage de fréqw < 9 kilz a
18§Hz. Des exigences pour les appareils spécialisés de € non
confinues sont également spécifiées.

NOTE Conformément au Guide 107 de I'lEC, la CISPR 16-1-1 est étre
utilis nt la
respq Pts a
coop leurs
prod

Les Sllions
élec ure"
utilig eurs
de ans
I’An

Des e et
des des
norn

2

Les I en
part les
refér , la
derr document de référence s’applique (y compris les éventuels
amegndements):

CISPR/IM:2015, Appareils industriels, scientifiques et médicaux — Caractéristiques| de
perturbdtions radioélectriques — Limites et méthodes de mesure

CISPR 14-1:2005, Compatibilité électromagnétique — Exigences pour les appareils
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
rayonnées
CISPR 16-2-3:2010/AMD1:2010
CISPR46-2=3-2646+ 2044

CISPR TR 16-3:2010, Specification for radio disturbance and immunity meé
and[methods — Part 3: CISPR technical reports (disponible en anglais

CISPR TR 16-3:2010/AMD1:2012
CISPR TR 16-3:2010/AMD2:2015

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

Pour les besoins du prése Is

ainsj que les suivants

31
largeur de ban@
B

n
largeur de la co
affalblissement d&

léfinitions donnés dans I'EC 60050-[161,

gfobale du récepteur entre deux points situés g un
de la réponse en milieu de bande

Note|1 a l'articlex a isse At exprimé en dB.

3.2
plage de le
plage spécifiéé. par le fabricant, donnant les indications maximale et minimale de I'apparejl de
mesjure, dans’laquelté le récepteur de mesure satisfait aux exigences de la présente partie de
la CJSPR 16

3.3

constante de temps a la charge électrique

e

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
nécessaire pour que la déviation tombe a 0,37 D est la constante de temps a la décharge du détecteur.

3.5
aire|de I'impulsion
A

airelenglobée par la tension en fonction du temps d'une impulsion, défi

imp

Al = I+OOV(z)dt

inp »

(1)

Note|1 a l'article: L'aire de l'impulsion, parfois appelée "tenue aux o ‘exprirqe en général er} uVs

ou dB(uVs).

ep s'exprime en pVfMHz
T, la relation D (uV/MHz) =

ou dB(uV/MHz). Pour les impulsions rectangulaires de large 2
V2 } 108 Aimp (HVs) s'applique.
3.6
bangde passante en impulsion
Bimp
sl Ama
imp = 26 % A (2)
0 * 4imp

ou

Note[2 a I'article: La densité spectrale (D) est liée

A(t ‘enveloppg a la sortie en fréquence intermédiaire du réceptpeur

putsien 4;,, est appliquée a l'entrée du récepteur;

G, a la fréquence centrale.
En particuli deuxtransformateurs accordés a couplage critique,
B (3)

in

ou Hg&l/B3 sont respectivement les largeurs de bandes aux points —6 dB et -3 dB

Note 1 a I'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

Note 1 a I'article: Pour un instrument réglé a I'amortissement critique, I'équation de mouvement du systéme peut
étre écrite de la fagon suivante:

2

da da
Tl —— |+ 2Ty —+a = ki 5
M~ 2 M~ i (5)

N

ou

[24 est la déviation;
i est le courant traversant l'instrument; et

k est une constante.

Il pept étre déduit de cette relation que cette constante de (tem ps est aussi eya
rectahgulaire (d'amplitude constante) qui produit une déviafion €
un cqurant continu de méme amplitude que cellerde I'impudg

a la durée de IimpLIsion
e par

Note|2 a I'article:

a) Ig période d'oscillation libre ayant été réglé ' i j & 3 i = 0,35 ax

b) Idrsque la période de I'oscillatj on ne peut pas ét ew, ["amatti &glé a é jusfe en
dessous de la valeur critique < i i imertie
dp mouvement soit tel que @

3.9

résgrve de Iinéq

rapport du niveatngo ircuit

(ou |d'un groupe dg de

I'appareil indicat

Note|1 a | € D its) ne

s'écdrte pa s ngarité idé &fini i inéai i ircuft (ou

du group

3.10
tengion symétrig
tengion de-perturbation radioélectrique apparaissant entre les deux fils dans un cifcuit
bifilaire,\tél 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 la
terre et 7, Ta tension vectorielle enire Tauire borne d-alimentation et Ia terre, Ta tension
symétrique est la différence vectorielle (V, -V)

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

le niveau de tension de créte en fonction de la PRF pour un effet constant sur un systéme de
radiocommunication spécifique, c'est-a-dire que la perturbation est pondérée par le systeme

d T . g ' ~
€ rgarocommruntcaton ur=-nenme

3.11.3
détecteur de pondération
détdcteur qui offre une fonction de pondération acceptée

3.11.4

factpur de pondération

vale[jr 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

fong¢tion de pondération
coufbe de pondération
relation entre le niveau de tension d' ¢ la PRF pour l'indication de nijyeau
congtant d'un récepteur de mesure otect ¢ pondération, c'est-a-dire la copurbe

de reponse d'un récepteu s ulsi répétées

3.12

mesure du temp

Tm

temps effectif, co;:r 9 [Eést de mesure a une fréquence donnée (dans cerfains

domfaines, appelé tem

— pour le dé effectif pour détecter le niveau maximum de I'’envelgppe
u signal
— pourAe détecteur-gquasi-crete, le temps effectif pour mesurer le maximum de I’envelgppe

— pour le-détecteur‘de valeur efficace, le temps effectif pour déterminer la valeur efficace de
Ifenveloppe du signal

3.13
étalonnage

opération qui, dans des conditions spécifiées, établit en une premiére étape une relation entre
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
ajuitage (d’un systéme de mesure)

ensemble d'opérations réalisées sur un systéme de mesure po des
indi¢ations prescrites correspondant a des valeurs données des gra

Note[1 a l'article: Divers types d’ajustage d'un systéme de mesure so e de
décalage, le réglage d’étendue (appelé aussi réglage de gain).

Note|2 a I'article: 1l convient de ne pas de confondre 'ajustage d'un syst¢ esure_aveo son étalonnage, qui
est uph préalable a I'ajustage.

Note|3 a l'article: Aprés un ajustage d’un systéme de mes e 5 e’ général étre de noyveau
étalopné.

[SOPURCE: ISO/IEC Guide 99:2007, 3¢

3.16

cornfection

comfpensation d’un effet s

Note|1 a I'article: Voir I'lSQ ique.
Note[2 & l'article: bu la

multiplication par u

[SOURCE: ISO/IEG\&

3.17
tracabilité (
propgriété

conf

[SOURCERISO/IEC Guide 99:2007, 2.41] [17]

esure selon laquelle ce résultat peut étre relié a une référencqg par
tne ininterrompue et documentée d'étalonnages dont chacun
mesure

4 Récepteurs de mesure de quasi-créte pour Ia plage de fréquences de 9 kHz a
1000 MHz

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 étre de 50 Q avec un rapport d'ondes stationnaires (ROS) ne dépassant 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.
Impgdance d'entrée symétrique dans la plage de fréquences de bour
permettre des mesures symétriques, un transformateur d'entréeg flisé.
L'impédance d'entrée préférentielle dans la plage de fréquences z et
150|kHz est de 600 Q. Cette impédance d'entrée symétrique peu s le
réseau fictif symétrique nécessaire au couplage avec le récep r de
mesjure.
4.3 Précision de la tension sinusoidale
La précision des mesures en tension sinusoidale\ doi que
I'appareil mesure un signal sinusoidal a :
4.4 Réponses aux impulsions
4.4.1
En ge référant au Tableat 1, ta [é S une
aire|en circuit ouvert @ - i sesqQnde) )f.é.m. sous une impédance de sourcg¢ de
50 ¢ ayant un spectre|uni e ) Hz
doit|étre, a touteg$\es 3CCO : non
modulé, a la fréquen 1-
Si des préamplifi¢at les.
Les|impéda g vent
étre| ide S sion
sinusoida
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
signhe opposé.

P tontac 1 4 H 1 webrit ££1 + ot H A '
Uultovo oo nmreourcovo urt L=} A ALY Al man =A%} MTuTl LQUTTTOoAUTTIU wol AT A = U
ou 7 PP g g

atténuateur de 10 dB en sortie du générateur d’impulsions est recommandée.

20

=
=
]
3 SN
g r < N \\ - 4
| P .
o !
c . </ NN
B AN N\ /if s >
: T 1)
© \ |
< N AL LN |
]
5 Q‘\ <\
o \§_) \\) I |
K f NN
S ’ \ M\ N - .
N\
0
NENN ~
N e
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IO
N\
110 -
1 NS 10 25 100
Pulse repetition frequency (Hz)
IEC
Anglais Frangais
Relative input in decibels for constant output Entrée relative en décibels pour la sortie constante
Pulse repetition frequency (Hz) Fréquence de répétition d'impulsion (Hz)

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
fréquences supérieures a 300 MHz. Les valeurs marquées d'un astéris
sonf facultatives et ne sont pas essentielles.

Fréquence de Niveau relatif équivalent en dB de I'impulsion pour er ban de\(req es donng¢es
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\3\1,0 8,0+ 1,0

100 40410 orer) N\ /o fPueer) N\ 0 (réf.)
60 3,0+ 1,0 O \ONL -
25 0 (réf.) >— N -
20 - 6,5 24,0 \49,0 £ 1,0 19,0£1,0
10 +4,0 i/\\ +\Q,o\_\1,§ +14,0+1,5 +14,0+ 1,5
S RN BRAN ) G :
2 +1B.0%2 \ 055 20— 126,0 £ 2,0 126,0 = 2,0
1 N17p £ 2,00 N225.:,20 28,5+ 2,0 28,5 + 2,0*
Impulsion isolée mw A +295 +2,0 +31,5+ 2,0 +31,5 £ 2,0*

* tiveset\non essentielles.

NOT| es du récepteur sur sa réponse aux impulsions est traitée a I'"Annexe [
NOT nses aux impulsions d'un récepteur de quasi-créte et celles de réceptpurs
équipé e-détexteur sont données en 5.5, 6.5 et 7.5.

NOT| 3 se théorique aux impulsions des récepteurs a détecteur de quasi-créte et de
vale| s sur une échelle absolue sont données a la Figure 4. L'ordonnée de la Figre 4
indique I'aire de)l'im en circuit ouvert, en dB(nVs) correspondant a la tension d'onde sinusoidale en court-
circgit de 66-dB(uV) en~valeur efficace. L'indication sur un récepteur de mesure avec une entrée adaptée|aux
géngratelrs 'd'étalonnage est donc de 60 dB(nV). Lorsque la largeur de bande de mesure est inférieure [a la
fréquence de répétition des impulsions, les courbes de la Figure 4 sont valables lorsque le récepteur est accprdé
sur une-raje discréte du spectre

NOTE 4 Aucune réponse au-dessus de 100 Hz ne peut étre spécifiée dans la plage de fréquences de 9 kHz a
150 kHz en raison du chevauchement des impulsions dans I'amplificateur a fréquence intermédiaire.

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

Frequence Atténuation relative
kHz

150

146

145

140

130

Il cdnvient que le récepteur de mesure avec le filtre p
la présente norme.

4.5.2

Le napport entre la tension sinusoidale™Nd'entrés
sinulsoidale d‘entrée ala fréquence d' i

utiligées, cette exigence doi

4.5.3 Taux de rejet

Le rapport entr@ sion
sinusoidale d'ent 3 teur
de mesure ne doi sont
utilisées, cette Nt a
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Figure
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tivité globale — Bande passante

.6, 7.6) (Bande A)
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o
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5 N /
2 N\ /
5 N\ / ;
3 S ¢— Max. bandwidth
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> \ /
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- 3
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Q 3
= 2 kHz/
E 1,5 dB
-~ -1,5dB
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-10-9 8 -7-6-5-4-3-2-10 1 2 3 4 5 6 7 8 9 10
—Af kHz off mid-band +Af
IEC
Anglais Francgais

Relative input for constant output (dB)

Entrée relative pour la sortie constante (dB)

Max Bandwidth

Largeur de bande max

Min Bandwidth

Largeur de bande min

Hz off mid-band

Désaccord (Hz)

Figure 6 — Limites de la sélectivité globale —
Bande passante (voir 4.5.1, 5.6, 6.6, 7.6) (Bande B)



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

-122 - CISPR 16-1-1:2015 © IEC 2015

N N
X | 2
—~ 18
[a]
z
5
9
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€
% o— Max. bandwidth
S —a— Min. bandwidth
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= ‘c:R—ou RHZ/6 0B Fj-ro =
2 Z/6 dB
2 AN /
2 ?
= 20 kHz/1,5 dB N
& -1,5 dB
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—140 120 -100 -80 60 —40 -20 0 20 40 60 80 100 12N
—Af kHz off mid-band +A
IEC
Anglais F\ran\g\ais
Reldtive input for constant output (dB) Entré‘é relative p&q Ia\se{tie Qmstante (dB)
Max| Bandwidth I.,a-rge\qr gé ;{ange m}x\
Min Bandwidth "{Xarggur de/bar((de\min >
Hz gff mid-band \ Dés&ccord\(Hz)\/
Figure 7 — Limites deNa'sélestivit bale -
Bande passante (voifr 4.5.1, 5) .6, X6) (Bandes C et D)
4.5.4 Autres répons:
Le rapport entre la tensi i T sntré x fréquences autres que celles spécifiées
en 4.5.2 et 4.5.3 ¢t Ia i oidaled'entrée a la fréquence d'accord qui proddit la
méme indication@ S 3 e doit pas étre inférieur a 40 dB. Des exemlples
des [fréquences a elles\réponses parasites peuvent se produire sont donnés ci-

dessous:
[J-J(nfL + i et (6)
m

ou

m, i, k «<sont des nombres entiers;

fL est la fréquence de l'oscillateur local;
fi est la frequence intermédiaire;
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
fréquence 4) des fréquences données dans le Tableau 4. Le filtre coupe-bande a un
affaiblissement a la fréquence d'essai d'au moins 40 dB. Sa largeur de bande, Bg, par rapport
a l'affaiblissement maximal du filtre doit étre comprise entre les fréquences 1) et 2) données
dansg le Tableau 4.

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

Pulse generator

Receiver tuned to f
IEC

Anglais \ \ \/ Frangais

Singd-wave generator frequencg\( jréwykcefdu générateur d'ondes sinusoidales
N

Filtgr, attenuation 40 dB atp\ (\ \Fﬁ!’e, affaiblissement de 40 dB a f

Pulde generator K \ X Générateur d'impulsions

Recegiver tuned to/\/

NOTE Suite au débate

Récepteur accordé a f

4.6, SWpteur de mesure sont:
24 = 0{2

1a a

aq, = a4, — 40 dB

Appy = Apy — 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 Tindication de Tappareil de mesure soit largement supérieure (par exemple 40 dB) au,n]veau
de bnuit N. En réduisant le niveau du signal S, I'appareil de mesure va atteindre un point Sy—tel que (S4 +N) pévie
de 1 dB par rapport a la caractéristique linéaire.

4.7.2 Onde entretenue
L’exiistence de réponses parasites telles que celles décrites dan doit|pas
intrqduire d’erreur de mesure supérieure a 1 dB pour tout signal inj r de

mesjure. Cette exigence doit étre considérée remplie si le pecepteur istai 7. qu'il
est soumis a l'essai décrit en 4.7.1.

4.8 Efficacité d'écran

4.8.1 Généralités

L'efficacité d'écran est une mesure de SCE ans
un burs
fong e en
3.2

Le | amp
élec . rise
entr ) S se\ne doit pas dépasser 1 dB, au maximum et au
mini les
cas p et
la fr ssai
doit

Ler £ au
réce able
semfi e et
racg gnal
d'en PR,
spéc¢ifiée spar le fabricant du récepteur. Toutes les autres prises coaxiales du récepteur

doivent étfe chargées par leur impédance caractéristique.

Seuls les céables essentiels (par exemple cébles d'alimentation et céables d'entrée)
nécessaires a l'utilisation normale du récepteur de mesure dans sa configuration minimale (a
I'exclusion des options telles que casques d'écoute) doivent étre connectés pendant l'essai.
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
appareils blindés. La puissance injectée par l'oscillateur local mesurée a I'entrée du récepteur
de mesure, fermée sur son impédance caractéristique, ne doit pas dépasser 34 dB(pW) ce qui

(T = W2

est gquivatenta5tdB{pV)dans 56

4.8.2.2 Emissions rayonnées

Le ¢hamp RF rayonné par le récepteur de mesure ne doit pas dgpa as limj des
appareils de classe B, spécifiées dans la CISPR 11 pour la plage g D kiHz a
1 000 MHz. Les limites doivent également s’appliquer aux bandés de YréquencesNndiquéep au
Tableau 1 (fréquences ISM) de la méme publication. Dans la ple : Hz a

18 GHz, la limite de 45 dB(pW) doit s'appliquer, sur la basg

Avant d'effectuer des mesures d'émission conduite /Ou rayonnee, i ifier
que(la contribution au bruit des appareils d'essai ompfande de I'ordinafeur)

4.9 Moyens de branchement a un“analyse

Pour toutes les bandes, le récepteur de mesugrede p e a
fréquence intermédiaire si_ I'appareil \ doi e) Wi pour la mesure des perturbafions
discpntinues. La charge cette sqrtie ney,d 5 de

mesjure.

5 Récepteurﬁ r de créte pour la plage de fréquences
comprises B $

5.1

Le présent &rticle~définit le ¥igences applicables aux récepteurs de mesure utilisant un
détgcteurde 3qWils sont utilisés pour la mesure des perturbations de type impuls|f ou
moduléé i

Les |analyseurs de_spgctre et les appareils de mesure a FFT qui satisfont aux exigenceg du
prédent article peuvent étre utilisés pour les mesures de conformité. Pour les mespres
d'él:rissions, les appareils de mesure a FFT doivent échantillonner et évaluer le signjl de

maniére-continue au cours de la période de mesure.

5.2 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 & 1 GHz 0 2,0a1

9 kHz & 1 GHz >10 1,241

1 GHz & 18 GHz 0 3,041

1 GHz & 18 GHz >10 2,041
Impgdance d'entrée symétrique dans la plage de fréquences de 9 : un
transformateur d'entrée symétrique doit étre utilisé pour les mesures symetri S atdire
non|raccordées a la terre). (L'impédance d'entrée préférentielle est de ) - age
de fréquences comprises entre 9 kHz et 150 kHz.) L'impédance d' & atrig étre
incorporée soit dans le réseau fictif symétrique exigé pour le coupla 2 s soit

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
comjprise dans les limites du Tableau

Tableau 6 — Exigences de |

de mesur a@ de créte
NN

Plage de fréqueers N \{.;a\igsur de bande Bg Largeur de bande de référence
9 kHz a 150 kHz (Bande AL hkaz 3 300 Hz 200 Hz (By)

0,15 MHz a 30 MHQBa}deE) < N KHz a 10 kHz 9 kHz (Bg)
30 NMIHz & 1 000 MHzYB@&{@%\D) \ )oo kHz & 500 kHz 120 kHz (Bg)

1Glliz 3 18 GHz (B@@\ ) 300 kHz & 2 MHz 2 1 MHZ b (Bj)
N

régepteyr de mesure a détection de créte aux impulsions non chevauchanteq est

a  Comme la

proportionrielle a argeur bande en impulsions, soit la largeur de bande réelle est mentionnée dans le
fésulta i i peut & mentionné comme étant situé "dans une largeur de bande de 1 MHz",
alculgee endlvi |a valeur mesurée par la largeur de bande en impulsions exprimée en MHz (voir .6).
Pour turbations a large bande, cette procédure peut introduire une erreur. |Par
onséquen esurées avec la largeur de bande de référence doivent prévaloir.

b la largeur{de ba glectionnée doit étre définie comme la largeur de bande en impulsions du réceptedr de
mesuresavec une tolérance de £10 %.

5.3.2—Rapport-des—constantes-de-temps-dechargeet-dedécharge

Afin d'obtenir sur l'indicateur de mesure une lecture a 10 % prés de la valeur vraie de la créte
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 linéarité
soit[aussi élevée que pour d'autres types de récepteurs de mesure. PourNa plupart|des
détgcteurs a lecture directe, la réserve de linéarité doit étre IégéremeriNsupérienrera l'upité.
La rgserve de linéarité doit étre adaptée aux constantes de temps utjlisé

5.4 Précision de la tension sinusoidale

au-
al a l'aide dfune

La précision des mesures de tension sinusoidale doit étre
dessus de 1 GHz) lorsque l'appareil mesure un signa
impedance de source résistive de 50 Q.

5.5 Réponses aux impulsions
Jusqu'a 1 000 MHz, la réponse du rés aire
d'impulsion est de 1,4/B;,,, mVs (ou B; 0 Q,
doit|étre égale a la réponse a un signg yant
une|f.é.m. de 2 mV en valeur efflcace 66 \Le 2 2nérgteur
d'impulsions et du généra Sl ivent
avoir un spectre unifor SMEN 3 . S +1, est

autgrisée pour le nivea iGM\Si id i ' . ; los
fréguences de répétition d4 i . ; g

se pfroduit a la sg

NOTE 1 S & i éthodes de détermination des caractéristiques de sortig des
généfateurs d'impulsj osti 2 ili pour le contrdle des exigences du présent paragraphe.

NOTE 2 A unefad atitiom\de 25 Hz pour la bande A et de 100 Hz pour les autres bandes, les reldtions
entref les indications duQ\ré esure de créte et celles d'un récepteur de mesure de quasi-créte aVec la
largepr de bande\préfé h

Frdauence Amp 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
I'axe des fréquences doit étre mis a I'échelle en conséquence. Par exemple, Bg/2 correspond
a 100 Hz dans la Figure 5.

Les |exigences de 4.5.2, 4.5.3 et 4.5.4 s'appliquent.

La gourbe représentant la sélectivité globale de la largeur de
récgpteur de mesure pour la bande E doit se situer dans les limitesde

A » | »
\ 1é 4
= I\
g \
] ]
..g' \ 13 T\ / /1 /\
o / &[T >
E v a N
5 \ NVAN|
c
S Ny iy -0,45/9 dB —#-9 dB-— | —e— Max. bandwidth
8 ‘ \ [ [ | A ’ \ - i
2 —— ~ | —&— Min. bandwidth
5 *\*—0‘375/6&15 \#&0, 5 MHz/6 dB
= SN
= 3
£ N hb JW0,25/3
e I N AN
N K
> ) 4 NN b g ® _1dB
-14 -12 1 —0,4°0 WOQ 04 06 08 1 12 14
MH2)off mid-band +Af

IEC
& \A\ng\lais > Francais
. . N . .
Relgtive @Mon%a&t out}c{t (dB) Entrée relative pour la sortie constante (dB)
Max| Bandwi \ \\/ Largeur de bande max
Min Bandwidth > Largeur de bande min
Hz gff mid-band Désaccord (Hz)
NOTEttes timites pour fa fargeur de bande o TMmpuision e peuvent pas etre TEPTEsentees sur e afagramme car

I'atténuation de filtre correspondante dépend du type du filtre. En conséquence, les limites pour les largeurs de
bande a 6 dB et a 9 dB ont été données pour illustration.

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.

NOTE Un affaiblissement par un filtre de 30 dB a la fréquence fondamentale de I'appareil en essai est en général
suffisant.

Les|exigences relatives a l'efficacité d'écran, c'est-a-dire a I'immunité perturbatlions

raygnnées ambiantes élevées, sont a I'étude.

6 |Récepteurs de mesure avec détecteur de valeur moye
fréquences comprises entre 9 kHz et 18 GHz

6.1 Généralités

Les|récepteurs de mesure de valeur moyenne ne sont geneé { pas utilisés poyr la
mesjure des perturbations par impulsion. Ce type détecteur congu pour
indiquer la valeur moyenne de l'enveloppe d i les étages en amoni du
détdcteur. Le détecteur de valeur mg gsure de signaux a bgnde
étrolte afin de s'affranchir des proble 30it2 ulation, soit a la présence de

bruif a large bande.

Les|analyseurs de spectre a2 FFT qui satisfont aux exigenceg du
prégent article peuvent mespres de conformité. Pour les mespres
d'énpissions F i t échantillonner et évaluer le signal de

maniére continue au co

6.2 Impédan

L'accés d'entrée gsure doit étre asymeétrique. Pour les réglageg du
récepteur de co - ns la plage de lecture du CISPR, l'impédance d'ertrée
nomlinale doijt avec un ROS ne dépassant pas les valeurs indiquéeg au
Tableau 5.

Impgdanc : strique (équilibrée) dans la plage de fréquences comprises gntre
9 kHz et 150 KHz: utiNser un transformateur d'entrée équilibré pour les mesures symétriques
(c'est-a-direl_non cordées a la terre). (L'impédance d'entrée préférentielle est de 600 Q
dans la~plage de fréquences comprises entre 9 kHz et 150 kHz). L'impédance d'entrée
symgtrigue peut étre incorporée soit dans le réseau fictif symétrique exigé pour le couplage
avec¢ lerécepteur, soit dans le récepteur de mesure lui-méme

6.3 Caractéristiques 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)
1 GHz a 18 GHz (Bande E) 300 kHz a 2 MHz @ 1 MHz ® (Bipp)
a a 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 Ila ou le niveau de perturbation est indiqué.
b lla largeur de bande sélectionnée doit étre définie comme au Tableau 6. /\
6.3.2 Réserve de linéarité
Pouf les récepteurs dotés de détecteurs de valeur moyen

ave¢ B

Le nécepteur ne doit pas étre en surcharge pour dg

égal

NOT

imp €N Hz.

es a 25 Hz pour la bande A, 500 Hz pour la ba

empécher un fonctionnement non linéaire du res

impu
6.4

La g
desg
soul

6.5
6.5.

NOTE
généf

fréqui
6.5.

Jusq

ce résistive de 50

Réponst@ i

linéaire),-Ta*réponse du récepteur de mesure a des impulsions de f.é.m. de fréquenc

répé
50 ¢

tition—n Hz, et d'aire d'impulsion égale a 1,4/n mVs sous une impédance de sourc

pour
h une

au-
e de

des
je de

nne

de
de

D . doit étre égale a la réponse a un signal sinusoidal non modulé a la fréquence d'actord

ayant une f.é.m. de 2 mV en valeur efficace [66 dB(nV)]. Les impédances de source du
générateur d'impulsions et du générateur de signaux doivent étre identiques. Les impulsions
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.

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

Plage de fréquences du récepteur

Rapport des lectures quasi-créte/valeur moyenne (dB) pour une
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 a 1 000 MHz (Bandes C et D) (38,1) 26,3

(voin Tableau 8).

NOTE 3 Les valeurs indiquées dans ce t

ableau

NOTE 2 Les valeurs entre parenthéses sont données pour information uniquement.

résultent de la spécificati

pondiération du détecteur. Par conséquent, la vérification par un laboratoire c%t\alo na

NOTE 1 La réponse aux impulsions est basée sur l'utilisation de la largeur de bande de référence uniquerent

Au-dessus de 1 GHz (Bande E), deux modes du déteCte

moyenne sont définis: linéaire et logarithmique:

Pouf le détecteur de valeur moyenne linéaire,
impulsions de f.é.m. de fréquence de rg i

sou$ une impédance de source de 5

non| modulé a la fréquence d'accord

[66 dB(uV)]. L'impulsion doit étre défini

valirjr de n doit étre de 50 000 Hz. U
i

tensfion sinusoidale.

Pour le détecteur de va
imp}lsions de fréquence

leur

des
mVs
idal
cace

portéuse modulée en impulsion| La
5 dB est autorisée sur le niveay de

des
aire

d'impulsion égal le a
la reponse a un . de
2 mY en valeur effigace I de
tensiion sinusoid tion
possible d'envjron\t

Pouf dava

La détectio oyenne peut étre obtenue avec des analyseurs de spectre configlrés

ave¢ une large

nde vidéo B,y << Besoi; afin d'obtenir un calcul de moyenne adépuat

repgsant sur-la fréquence de répétition du signal mesuré. Pour les mesures basées surfune
rédyction de la bande vidéo, s'assurer que la durée de balayage est suffisamment lorjgue
pour petmettre 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 affichage logarithmique est utilisé, 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 TstieTmiveau dfmputsiom em aB{EV);

Ty est la durée du niveau de bruit;

Ly est le niveau de bruit en dB(uV);

la relption approximative suivante s'applique alors:

TF’LP + TNLN

7
TP+TN "

Lo JAV =

EXEMPLE: Si le niveau d'impulsion L, est de 85 dB(uV) (nV),
Tp = 1/B|m =1 us, le taux d'impulsion » est de 100 000 Hz/ alg 1 htion,
LIogA = §7 dB(nV). En realité, LIogAv est plus élevé puisque T} sleve e que le signal d'impulsion a
la softie f.i. ne descend pas au niveau de bruit i e

NOTE 2 Une tolérance est a I'étude.

6.5.4 Réponse aux perturbation
dérivantes

e intermittentes, instables et

La rgponse aux perturbations S %te mjttentes, instables et dérivantes doit|étre
tellel que le résultat de g i ! la lecture créte d'un appareil de mepure
ayamt une constante les Bandes A et B et de 100 ms pouy les

Banfes C et D, cormgme a5ehié 2 i 11. La constante de temps est telle qu'ellg est
définmie en A.3.2 & uh réseau de simulation de I'appareil de mesure a
la smite du détecte e S du écepteur. La lecture créte peut étre prise, par exenmple,
par |une surveill JeVla sortie de l'appareil de mesure en utilisan{ un
conyertisseur an \ Jgle ) et un microprocesseur comme ceux représentgs a

la Figure 10.

Q Meter A .

\( »| Simulating > < > Micro-
yRect network D processor
IEC
Anglais Frangais

Envelope detector Détecteur d'enveloppe
Meter simulating network Réseau de simulation de I'appareil de mesure
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.


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

CISPR 16-1-1:2015 © IEC 2015 -133 -

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

NOTE En Bande E, ceci s'applique au détecteur de valeur moyenne linéaire uniquement.

40V

Francais

Tim¢ /\\ V\ Temps

NOTIE 1 tenue par un signal intermittent a bande étroite d'une durée de 0,3 s [et de
1 Hz|de fré Stiti 'une constante de temps de 100 ms est utilisée. Si la constante de temps
est dp 16Q/msNes\crétes a-la syrtie du réseau de simulation de I'appareil de mesure sont plus faibles.

NOTE 2 Lar fbations intermittentes a bande étroite peut aussi étre définie pour le détectepur de

valeyr moyenne fogarithmigue fonctionnant avec une certaine bande vidéo, par exemple, 10 Hz, et la fonctign de
mainfien du maximum /affichage du spectre.

Figure\11 — Capture d'écran montrant la réponse du réseau de simulation de I'appafreil
de mesure a un signal a bande étroite intermittent

6.6 Sélectivité

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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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:

Il ca
lap

Fréquence Atténuation relative
kHz dB
150 <1
146 <6
45 =6
140 > 34 TN
130 > 81 |

ésente norme.

de

6.7 Effets d'intermodulation, bruit du récepteur et b
Les |exigences de 5.7 doivent s'appliquer.
7 |Récepteurs de mesure avec dé
plage de fréquences compri

71 Généralités
Les| récepteurs de pondération de
pondération qui est une cg¢ ai e de valeur efficace (pour les fréquences
de népétition d'impulsipns supérie : eguence de cassure f;) et d'un détecteur de
valeur moyenne (pour|les ] pétition d'impulsions inférieures a la fréquence de
casgure f.), ce ' r wne/courbe de réponse impulsionnelle avec| les
cargctéristiques a Y Yor: au-dela de la fréquence de cassure| et
20 dB/décade en de €

es appareils de mesure a FFT qui satisfont aux exigence$ du

hilisés pour les mesures de conformité. Pour les mespres

Le ¢
réce

ircuit yd'entrée des récepteurs de mesure doit étre asymeétrique. Pour les réglageg

nom
Tabl

esure a FFT doivent échantillonner et évaluer le signal de

pteur de commande se situant dans la plage de lecture du CISPR, I'impédance d'en
: oit—e 56-¢ R6S s : I R

eau 11.

2 Les chiffres entre crochets se référent a la bibliographie.

au
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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

Impgdance d'entrée symétrique dans la plage de fréquences de 9k 30 MHz;™ pour
permettre des mesures symétriques, un transformateur d'entrée setnqu ést utilisé.
L'impédance d'entrée préférentielle est de 600 Q dans la plage delfrequencesycompllises
entrg 9 kHz et 150 kHz. Cette impédance d'entrée symétrique peu e.incorporée soit dans
le réseau fictif symétrique nécessaire au couplage avec le réce >Cefteur
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 (B,)

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 serve«delinéarite

Au-dessus lafréquente de cassure f;, spécifiée ci-dessous, la réserve de linéarité|des
circliits précédantle détecteur, pour une fréquence de répétition d'impulsion de n Hz doit|étre
de 1,27(Bg/n)"2, By étant exprimé en Hz. En dessous de la fréquence de cassure, la résprve
de lnéarité pour une cadence de répétition d'impulsion de » Hz doit étre supérieure a 1,2 (B,

1 £5) 12 (fo ! 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 détecteur 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.


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

- 136 - CISPR 16-1-1:2015 © IEC 2015

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
0,15 MHz a 30 MHz (Bande B) 0,01 5 35,5
30 MHz a 1 000 MHz (Bandes C et D) 0.1 31.6 40.6
1 GiHz a 18 GHz (Bande E) 1 316
NOTE 2 Avec ce type de détecteur, une réserve de linéarité suffisante ne peut géné & urnie
pour |empécher un fonctionnement non linéaire de l'instrument a des cadences/de r¢pétiti impWsiong trés

faiblgs pour les impulsions courtes dans les bandes C/D et E (la réponse a une irpulsj i urée
est spulement théoriquement définie dans ces bandes).

NOTE 3 L'Annexe A décrit le calcul de la réserve de linéarité pour le dé 2 . xe B
décrif la détermination du spectre du générateur d'impulsions. L'Annexe& C décrit la ix de
sortig des générateurs d'impulsions de I'ordre de la nanoseconde.

NOTE 4 Pour la bande E, I'essai peut étre réalisé avec un sighal gi | AN bi i ion, une
largeur de bande occupée de par exemple 2 MHz. E.6 fournit la\spédjfigation.d ign

7.4 Précision de la tension sinu

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
soulce résistive de 50 Q.

7.5 Réponses aux imp
7.5.1 Détails de con

La fonction de qui
détgrmine de manig erse
de la fréquence ¢e gassuracfy: > L bas
d'ordre 2 qui : } ifon amortie de maniére critique qU| est spécifiée podr le
détdcteur decquasi-tréfe a, constante de temps est définie jusqu'a 1 GHz. Pour la bande
E, Ia co st"de 100 ms. En cas de variation dans le temps, la soprtie
maxima s est le résultat de la mesure.

NOTE Les Anne B, G, et E décrivent des méthodes de détermination des caractéristiques de sortiq des

générateurs d'impulsions gestinés a étre utilisés pour le contréle des exigences du présent article.

7.5.2 Réponse en amplitude

La réponse du recepieur de mesure pour la bande A aux Impulsions de f.e.m. daire
d'impulsion de 278 x (B3)'"/2 uVs a 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
0,19 MHz a 30 MHz (Bande B) 100 14,3
30 NIHz a 1 000 MHz (Bandes C et D) 100

NOTE Les valeurs indiquées dans ce tableau
pongération du détecteur. Par conséquent, la vérification par un laboratoire d' etaly{f\g

résultent de la spécification

m es onctlons de
en e@ai

7.5.3

Variation avec la fréquence de répétition

La néponse du récepteur de mesure aux impulsions répgétges
indi¢ation constante sur le récepteur de mesure, la r
de rgpétition au-dela de la fréquence de cassure f,

En dessous de la fréquence de cassurs

La gourbe de réponse p
Tableau 15.

ulsionnelle des récepteurs
r moyenne efficace

une
tnce

W

du

Bande B Bandes C et D Bande E
- (=20 £ 2,0) -20 £ 2,0
- -10+£1,0 -10 £ 1,0
0 (réf.) 0 (ref.) 0 (ref.)
+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 sinusojidal a
radipfréquence avec des impulsions rectangulaires répétées ayant la durée et la, pérjode
indiquées dans le Tableau 16. Une tolérance de +1,0 dB est autorisée pg exigencs.

Tableau 16 — Valeur maximale des récepteurs de valeur
pour une entrée sinusoidale a modulation d'impulsion

Impulsions rectangulaires Récepteur de & w}: ur d
d

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 v
ebandes A/B’ peut Varierd'environ + 0,5 dB
en raison d'un chevauchement quj var la ducéendapulsign de 160 ms avec la

durée d'intégration de 100 ms en eur efficage)

N

7.6 Sélectivité

Les de~pondgration en valeur moyenne efficace doivent
étre ure 6 et de la Figure 7 pour les bandes A, B, C
etD be de sélectivité est donnée a la Figure 9.

Les ) 4.5 S As'appliquent. Pour les récepteurs de la bande E] les
exig [

7.7 s, d'inte ation, bruit du récepteur et blindage

Pouf : frequences en dessous de 1 GHz, les exigences de 4.6, 4.7 et| 4.8
s'appli . aphes 4.7 et 4.8.2 s'appliquent aussi a la bande E.

Pour la bande E, ce qui suit s'applique:

— lesiexigences pour les effets d'intermodulation sont a I'étude.

— filtre de présélection: lorsque des signaux parasites de faible valeur sont mesurés en
présence d'un signal fondamental fort provenant de certains appareils en essai, un filtre
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
récepteur de mesure RF ou d'un analyseur de spectre. Il convient que I'amplitude de la
perturbation soit exprimée par rapport a la valeur du champ ou a la tension a l'entrée du

réc ptedr. Generalement, une mesure de la DFA s elfteCtue a une irequence Tixe.

La fpnction de mesure de la DPA est une fonction supplémentaire des de-mequre,

et peut étre soit rattachée a, soit incorporée aux appareils de mesure,

La fonction de mesure de la DPA peut étre mise en ceuv ili es\pethodes
suivantes. Une approche utilise des comparateurs et des co s (Fi .1). L'apppreil
détdrmine les probabilités de dépasser un ensemble de niveaux\d'ampiitude gssignés [(par

exemple en tension). Le nombre de niveaux est identiqué
méthode possible implique I'utilisation dun copve i

autrg

Qrbre~de cd parateurs. [Une

g-numeérique, d'un

circyit logique et d'une mem0|re (Flgure G 2). rnir le schéma de la

DPA
de |
con

Les

prodqui

de d

16-3:2010/AMD1:2012,

"

Les [spécificatio ive i [N fonction de mesure de la DPA. La justification
de des spécifica 3

e de niveaux dépend
ple 256 niveaux pouf un

ionnée ci-dessus sont applicables|aux

grer des perturbations aux systémes
4.7 de la CISPR 16-3:2010, CIBPR
exte général sur les spécificationy de

,|doit

az
ieure

L@ probabilité minimale mesurable doit étre de 10~7.

IY'a fonction de mesure de la DPA doit étre capable d'assigner au moins deux niveaux

f)

d'amplitude. Les probabilités correspondant a tous les niveaux préassignés doivent
étre mesurées simultanément. La résolution des niveaux d'amplitude préassignés doit
étre au minimum 0,25 dB ou mieux.

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 I'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) lgpdurégeestinférieure ou egate a 200ms, et
c) llespacement entre une perturbation et la perturbation suivante
précédente est supérieur ou égal a 200 ms.

Une| série d'impulsions courtes doit étre traitée comme un claqu
mesjurée entre le début de la premiére impulsion et la fin de I3
inférieure ou égale a 200 ms et les conditions a) et c) sont remgli

Les|paramétres de temps sont déterminés a partir du
référence f.i. du récepteur de mesure.

NOTE 1 La définition et I'évaluation des claguements sont

NOTE 2 Les analyseurs actuels sont congus/po
fonctlonne avec un niveau de signal interneNj
'intefface correcte avec tous les récepteurs.

9.2 Caractéristiques fondamentales

a) l'analyseur doit étre

esures de S

NOTE 1 Le nive
n signal sinusoida

—_— T =
T

g
d) |
e) |
+ /le-nombre de claguements de durée inférieure ou égale a 200 ms;

|'analysedr doit &tre capable d'indiquer les informations suivantes:

le niveal

tion

rée,
est

de

e qui
avoir

des
. du
ele
des

ure a
des

une

ront

] ol 4 A 1L H H 4+ :
a UurTco U 1 Coodl TIT 1Thriutc o,

— le taux de répétition des claguements;

— 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.

@%
&
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Test _ IEvaluation by
No. Test signal | the analyzer
|
| -
1 0,11ms/1 dB | 1 click
9,5 ms/1 dB |
2 I 1 click
Rm‘kgrnund' naise or CISPR pluses 200 Hz- -2 5 dB (QP) ]
190 ms/1 dB
3 click

Background: noise or CISPR pulses, 200 Hz: -2,5 dB (QP)
hex thanycli¢k
4 1333 ms/1dB /\
E—
5 210 ms/1 dB ﬁwmher than click
I

30 ms/5 dB 30 ms/5 dB |
6 I 180 ms I /\ /(> @ | Other than click

30ms/5dB 30 ms/5dB > \\\J !
4 130 ms | 1 cli
click
I I [N

\5 '
30 ms/S dB 30 ms’§ dB |

| 2 clicks

8 210 ms

|

| Other than cligk
||||||||||| n. 21 pulses/0,11 ms/periodicity 10 ms/1 dB

|

™

9
3 [
1( 265m ! 1 click
/-238.dB I
ms/ B |
and B: 1 034 ms/Band C: under consideration
1 E

i | 2 clicks
I

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

|
A - Band B: 1 166 ms/Band C: under consideration \ 1 click
'+ . |

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

IEC
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Anglais Francgais
Test No. Essai N°
Test signal Signal d'essai

Evaluation by the analyzer

Evaluation effectuée par I'analyseur

1 click

1 claquement

Background: noise or CISPR pulses

Bruit de fond ou impulsions CISPR

Other than click

Autre que claquement

2 clieks

2 _al 4
Z-craquements

Min |21 pulses/0,11 ms / periodicity 10 ms/1 dB

Min. 21 impulsions/0,11 ms/péri9d+c'+t{10 ms/1 dB

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

Bande B: 1 034 ms/Bande C:/é\‘\'étude

Bangl B: 1 166 ms / Band C: under consideration

Bande B: 1 166 ms/Band/e/g\{l'ét&qe

Figure 13 — Présentation graphique des signau

essahu |se\)

rt
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