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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 organizatio i mprising
all i promote
interpational co-operation on all questions concerning standardization in th i icffelds. To
this ¢nd and in addition to other activities, IEC publishes Internationa i ifications,
Techhical Reports, i i ificati R as “IEC
Publi atlon(s) ). Their preparation is entrusted to technical committe€s i interested
in th : 8 nd non-
gove[nmental organizations liaising with the IEC also participatein 2 . 5 closely

with [the International Organlzatlon for Standardization (IS@) in accerdance’ with\ conditions determined by

2) The 8 A rnational
consensus of opinion on the relevant subj i [ i i i from all
inter¢sted IEC National Committees

3) IEC National
Com t of IEC
Publications is accurate, ¥ i i for any
misinfterpretation by any end user

4) In order to promote interndti i i i lications
trans iyergence
betw icated in
the |

5) IEC for any
equif

6) Allu

7) No lig erts and
mem gmage or
other bes) and
expe her IEC
Publi

8) Attenti ative references cited in this publication. Use of the referenced publigations is
indis =t application of this publication.

9) Attention j e possibility that some of the elements of this IEC Publication may be the sjbject of

patent rights! IEC shall not be held responsible for identifying any or all such patent rights.

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

This first edition of CISPR 16-1-1, together with CISPR 16-1-2, CISPR 16-1-3, CISPR 16-1-4
and CISPR 16-1-5, cancels and replaces the second edition of CISPR 16-1, published in
1999, amendment 1 (2002) and amendment 2 (2003). It contains the relevant clauses of
CISPR 16-1 without technical changes.

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

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e withdrawn;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

e amended.

@%
o
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INTRODUCTION

CISPR 16-1, CISPR 16-2, CISPR 16-3 and CISPR 16-4 have been reorganised into 14 parts,
to accommodate growth and easier maintenance. The new parts have also been renumbered.
See the list given below.

Old CISPR 16 publications

New CISPR 16 publications

CISPR 16-1-1 Measuring apparatus
Radio disturbance % CISPR 16-1-2 Ancillary equipment — Conducted disturbances
CISPR 16-1 erannpdalrlr:?:nunmty é\.} CISPR 16-1-3 | Ancillary equipment — Disturbance power .
apparatus \A CISPR 16-1-4 Ancillary equipment — Radi ted dis rbances
CISPR 16-1-5 ?rgggrﬁHc;hbrahon test/sitds fc\ﬁz\
/ CISPR 16-2-1 Conducted disturbance rem
Methods of i
CISPR 16.2 m_easurement of <<: CISPR 16-2-2 Measuremen(\of d@mQan\?\po}ai >
disturbances and CISPR 16-2-3 Radlat%(M}ag n§\measur§(nents
immunity
CISPR 16-2-4 | Impaunity measupaigents .~
CISPR 16-3 | CISPR technical¥eports \\
CISPR 16-4, Uncertéintigs imstandardised EMC tests
Reports and / \ )}é }k &
CISPR 16-3 | recommendations CISPR 18~ Mea{ure&ebti stpdmentation uncertainty
of CISPR < ' W —
tatlsWderatlons in the
CISPR 1§- termination’of EMC compliance of mass-
i produced products
cIsPR 16-4 | Uncertainty in EMC CISPR 18424 Wc_s of co_mplaints and a model for the
measurements \9§I lation of limits

More s
CISPR
REFER

Measu
the me
reports|
are giv|

CISPR
disturb

‘7

16-1 consists/of the following parts, under the general title Specification fg
bnce “and immunity measuring apparatus and methods — Radio disturban

immun

pecific infg at 0 iQ bet een the ‘old’ CISPR 16-1 and the present ‘new’

16-1-1 | introduction (TABLE RECAPITULATING CROSS

ENCES).

ement instrume ations are given in five new parts of CISPR 16-1, while

thods © are covered now in four new parts of CISPR 16-2. Various
i and background on CISPR and radio disturbances in general

S8 R 16-4 contains information related to uncertainties, sfatistics

r radio
ce and

fy mnzeuring n’n,nzrzfuc'

Part 1

Part 1-2: Ancillary equipment —

-1: Measuring apparatus,

Conducted disturbances,

Part 1-3: Ancillary equipment — Disturbance power,

Part 1-4: Ancillary equipment — Radiated disturbances,
Part 1-5: Antenna calibration test sites for 30 MHz to 1 000 MHz.
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TABLE RECAPITULATING CROSS-REFERENCES

Second edition of CISPR 16-1 First edition of CISPR 16-1-1
Clauses, subclauses Clauses, subclauses

1 1
2 2
3 3

= O 0 ~NO O~

Annexgs Annexes

<mooOw>»

Figures

1,...3
60, 61
4,.,6

11,12
21, 22
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

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

Measuring apparatus

1 Scope

This part of CISPR 16 is designated a basic standard, which specifies the characteristics and
performance of equipment for the measurement of radio disturbance voltages, currents and

fields in the frequency range 9 kHz to 18 GHz. In addition, requirements ified for
specialized equipment for discontinuous disturbance measuremen irements
include the measurement of broadband and narrowband types of radi

The req
a) the
b) the
c) the
d) the
In add
frequer

of radi
range d

Method

is give
Part 4

2 No

The fo

of the 1

CISPR

eiver types covered include the following:

quasi-peak measuring receiver,
peak measuring receiver,
average measuring receiver,

r.m.s. measuring receiver.

tion there are specifications
cy voltmeters.

b disturbance voltages
f the measuring i

s of measuxems
h in Part‘@ {
pf CISPR 1%/

14,2003, Industrial, scientific and medical (ISM) radio-frequency equipment — [

audio-

| levels
icating

rbance
ered in

ument.
edition

Flectro-

magne

ic\disturbance characteristics — Limits and methods of measurement

CISPR 14-1:2000, Electromagnetic compatibility — Requirements for household appliances,
electric tools and similar apparatus — Part 1: Emission

CISPR 16-1-2:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-2: Radio disturbance and immunity measuring apparatus — Ancillary
equipment — Conducted disturbances

CISPR 16-1-3:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-3: Radio disturbance and immunity measuring apparatus — Ancillary
equipment — Disturbance power
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CISPR 16-1-4:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-4: Radio disturbance and immunity measuring apparatus — Ancillary
equipment - Radiated disturbances

CISPR 16-1-5:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-5: Radio disturbance and immunity measuring apparatus — Antenna
calibration test sites for 30 MHz to 1 000 MHz

CISPR 16-2-1:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 2-1: Methods of measurement of immunity and disturbance — Conducted
disturbance measurements

CISPR
and m
Measur

CISPR
and mé
disturb

CISPR baratus
and mg munity
measur

CISPR us and
method

CISPR baratus
and mpe inties in
standaldi

CISPR : , baratus
and mlethods - Part rement

instrumentation ungertai
CISPR 16-4-3:2@ € aaratus

and methods

considé
CISPR baratus
and me iplaints

and a 1

IEC 6 , International Electrotechnical Vocabulary (IEV) — Chaptdr 161:
Electromagnetic campatibility
Amendment-1:1997 and Amendment 2:1998

IEC 60315-3:1999, Methods of measurement or radio receivers for various classes of
emissions — Part 3: Receivers for amplitude-modulated sound-broadcasting emissions

IEC 60315-4:1997, Methods of measurement or radio receivers for various classes of
emissions — Part 4: Radio-frequency measurements on receivers for frequency modulated
sound-broadcasting emissions

ITU-R Recommendation BS.468-4:1986, Measurement of audio-frequency noise voltage level
in sound broadcasting

ITU-T Recommendation P. 53 of Blue Book (1989), Volume V — Psophometers (apparatus for
the objective measurement of circuit noise). See also ITU-R Rec. 0.41 (10/94).
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International Vocabulary of Basic and General Terms in Metrology, International Organization
for Standardization, Geneva, 2nd edition, 1993

3 Definitions

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

3.1
bandwidth (Bp)

the width
attenugtion, below the midband response. The bandwidth is represented by“the sympol By,

where h is the stated attenuation in decibels.

3.2
impulse bandwidth (Bjmp)

Bimp = A)max / (2 Go x |

where

A(t)mad is the peak of the envelope at the IF output of cel an impulse grea IS
applied at the receiver input;

Gy is the gain of the circuit at th

Specifigally for two critically-coupled tu

where

Bg and| B3 are respect A.2 in
annex A for furtfor

3.3

impulse area (/)
the impulse a
defineg

d“impulse strength, IS) is the voltage-time area of a pulse

+00
= IV(t) dt (expressed in uVs or dB(uVs))

NOTE $pectral density (D) is related to impulse area and expressed in uV/MHz or dB(uV/MHz). For re¢tangular
t-f

—
T

H ra 1 (! s H L 4L 4l | Jors. =S ARL W A1 W TSN oY 406 1Q [ N/ IH
impulses-ofputseduration requencres 7T tereratonsmp o v/ virtZ)y =2 o TS(HvsS)appies.

3.4
electrical charge time constant (T¢)

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

NOTE This time constant is determined as follows: A sine-wave signal of constant amplitude and having a
frequency equal to the mid-band frequency of the i.f. amplifier is applied to the input of the stage immediately
preceding the detector. The indication, D, of an instrument having no inertia (e.g., a cathode-ray oscilloscope)
connected to a terminal in the d.c. amplifier circuit so as not to affect the behaviour of the detector, is noted. The
level of the signal is chosen such that the response of the stages concerned remains within the linear operating
range. A sine-wave signal of this level, applied for a limited time only and having a wave train of rectangular
envelope is gated such that the deflection registered is 0,63D. The duration of this signal is equal to the charge
time of the detector.
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3.5

electrical discharge time constant (Tp)

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

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

3.6

mechanical time constant (Ty) of a critically damped indicating instrument
TM = TL [ 2n

where

T_ is the period of free oscillation of the instrument with all damping

NOTE 1| For a critically damped instrument, the equation of motion of the sy
Tw?2 (d2a / dt2) + 2Ty, (do / dt) + o
where
o is thg deflection;

i is thg current through the instrument;
k is a dqonstant.

It can bgq deduced from this relation that this ti pulse (of

constant| amplitude) that produces a deflection equal ntinuous
current Having the same amplitude as that of the re¥

NOTE 2| The methods of measurement and adjustment are_d om one of the following:
a) The period of free oscillation lrqving been a'uste < ping is added so that aT = 0,350 ,54-
b) When the period of oscillatign can S red,the dampging is adjusted to be just below critical $uch that

the oyerswing is not greater tha % and the )Jyoment of ifertia of the movement is such that a7 = 0,3%0.ax-

3.7
overload factor

the ratip of the leve it (or a
group icating
instrum

The maxim SN 5) does
not def unction
of the gi

3.8

symmetric'voltage
in a two-wire circuit, such as a single-phase mains supply, the symmetric voltage is the radio-
frequency disturbance voltage appearing between the two wires. This is sometimes called the
differential mode voltage. If Va is the vector voltage between one of the mains terminals and
earth and Vb is the vector voltage between the other mains terminal and earth, the symmetric
voltage is the vector difference (Va-Vb)

3.9

CISPR indicating range

it is the range specified by the manufacturer which gives the maximum and the minimum
meter indications within which the receiver meets the requirements of this section of
CISPR 16
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4 Quasi-peak measuring receivers for the frequency range 9 kHz to 1 000 MHz

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

4.1 Input impedance

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

Symmatric input impedance in the frequency range 9 kHz to 30 netrical
measufements a balanced input transformer is used. The prefe for the
frequency range 9 kHz to 150 kHz is 600 Q. This symme nay be
incorpqgrated either in the relevant symmetrical artificial K Ng to the
receivar or optionally in the measuring receiver.

4.2 Fundamental characteristics

The repponses to pulses as specifie
receivgrs having the following fundam

asuring

Characteristics Band B Bands C and D
[\ 9 0,15 MHz to 30 MHz 30 MHz to 1 040 MHz

Bandwidh at the —6 gB\points, @ 9 120
Bg in kHz

Detector|electrical charg€ tim \/15 1 1
constant] in ms

Detector|electricghdischarge tire 500 160 550
constant| in ms

Mechanigajtime constant ofcritjcally 160 160 100
damped icati st ent, il\ms

Overload factor c&uits Mjing 24 30 43,5
the detegtor, in«dB

Overload faCtor/of the d.c. amplifier 6 12 6
between|deteCtor and indicating
instrument, in dB

NOTE 1 The definition of mechanical time constant (see 3.6) assumes that the indicating instrument is linear,
i.e., equal increments of current produce equal increments of deflection. An indicating instrument having a
different relation between current and deflection may be used provided that the instrument satisfies the
requirements of this subclause. In an electronic instrument, the mechanical time-constant may be simulated by a
circuit.

NOTE 2 No tolerance is given for the electrical and mechanical time constants. The actual values used in a
specific receiver will be determined by the design to meet the requirements in 4.4
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4.3 Sine-wave voltage accuracy

The accuracy of measurement of sine-wave voltages shall be better than +2 dB when supplied

with a sine-wave signal at 50 Q resistance source impedance.

4.4 Response to pulses

NOTE Annexes B and C describe methods for determining the output characteristics of a pulse generator for use

in testing the requirements of this subclause.

4.41 Amplitude relationship (absolute calibration)

The response of the measuring receiver to pulses of impulse area
second) e.m.f. at 50 Q source impedance, having a uniform spectrum

to an unmodulated sine-wave signal at the tuned frequency having<an
mV (66 dB(uV)). The source impedances of the pulse generatorand
both bg the same. A tolerance of +1,5 dB shall be permitted on\the sin

NOTE A lower impulse area may be used together with a proportionally [owe
sinewavg input, provided sufficient signal-to-noise ratio is maintained-

ak

Table 2 — Test pulse characteristi quasi-pe
m uring™eceiver
V4

Frequency range \a) ;}%&i b)\“:l_/

c) Hz

9 kHz to 150 kHz ( 135 \o0.15 25
0,15 MHz to 30 Mtz NS 30 100
30 MHz to §OO\Q—|2\( 0.04%" y/ 300 100
300 MHz t 1og Mtz (N 1024|1000 100

%

Vs (mjcrovolt

) MHz,
sponse
Yyalue 2
br shall

odulated

4.4.2 Variation ncy (relative calibration)

The re iver to repeated pulses shall be such that for a cpnstant
indicati eceiver, the relationship between amplitude and repetition
frequer igures 1a, 1b or 1c.
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Relative input in decibels for constant output
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Figure 1a — Pulse response curve (Band A)
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Relative input in decibels for constant output

Relative input in decibels for constant output
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Figure 1b — Pulse response<curve (Band B)
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Figure 1c — Pulse response curve (Bands C and D)
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The response curve for a particular measuring receiver shall lie between the limits defined in
the appropriate figure and quantified in table 3.

Table 3 — Pulse response of quasi-peak receivers

NOTE 1

NOTE
detecto

NOTE 9
absolut
corresp
with an
than the
of the s

NOTE 4
of the o

NOTE §

NOTE ¢
300 MH

8 then be 60 dB(uV). Where the measuring bandwid
pulse repet igure 1d are valid when the receiver is tuned to a disq
bectrum.

Repetition Relative equivalent level in dB of pulse for stated band
frequency Band A Band B Band C Band D
Hz 9 kHz to 150 kHz 0,15 MHz to 30 MHz 30 MHz to 300 MHz 300 MHz to 1 000 MHz
1 0p6 Note =4 5+10 =8;0—+10 =8;0—+1H0
1p0 -4,0+1,0 0 (ref.) 0 (ref.) \ \Q(ref.)
o 0510 - NI N
b5 0 (ref.) - - \ -
PO - +6,5+ 1,0 +9,0\+ 1,0 \ +90 + 1|0
0 +4,0+ 1,0 +10,0 £+ 1,5 {14, + ,5\\ \ +14,0 + 1,5
5 +7,5+1,0 - A\ \ \/ -
2 +13,0 £ 2,0 +20,5+ 2,0 m+26N %\) +26,0 + 2|0*
1 +17,0 £ 2,0 +/2€,512,0 (\ \// + 51%(; +28,5 + 2|0*
Isolatg +19,0 + 2,0 \ +§‘|¥5 3‘\{,0 +31,5 + 2|0*

th other

td on an
dB(uVs)
receiver
his less
rete line

because

s above

AN
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IS, impulse area in dB {pVs) for constant receiver indication

40
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20
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| Quasi-peak fetect / \< iH 12 DRg
. r — )
recetvers // rd ’Z‘\x ]| Sine-wave generator ]
- \“\ - E-66dB (uv)eff. © o @ = a2
’\* \/// /}\g v U =60dB (nV) eff. I
! H s - - -
) I T T
N Bapd B AV X
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receiveﬁ's \\ L SN > \
- 0,044 pv s AN
N ’ AL —~ \
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L AN
N
1 10 100 1 000 10 000 (/10(/000
Pulse repetition frequency in Hz IEC 1293/99

Figure 1d — Theoretical pulse response curve of quasi-peak detector receivers
and average detector receiver (see 6.4.2)
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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 figures 2a, 2b or 2c.

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

NOTE For the measurement of equipment that requires higher selectivity at the transition between 130 kHz and
150 kHz (e.g. mains signalling equipment as defined in EN 50065-1/A2), a highpass filter may be added in front of

the measguring—receiverto—achieve-the-following-combined—selestivityof CISPR-measuringtaceiverand-nighpass

filter: /\(/\
Frequency Relative attenuation
kHz dB N
150 <1
146

145

4

140

130

N

The measuring receiver in conjunction with the Highpass i .

4.5.2

The ratio of the input sing inte e tuned
frequency that produces cat 5s than

40 dB. Where more tha met at
each in

4.5.3

The rafio of the inp i quency
that pr i i 40 dB.
Where at the

image
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Figure 2a — Limits of overall selectivity — pass-band
(see 4.5.1, 5.5, 6.5, 7.5) (Band A)
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Figure 2c — Limits of overall selectivity — pass-band (see 4.5.1, 5.5, 6.5, 7.5)
(Bands C and D)
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4.5.4 Other spurious responses

The ratio of the input sine-wave voltage at frequencies other than those specified in 4.5.2 and
4.5.3 to that at the tuned frequency that produces the same indication on the measuring
receiver shall be not less than 40 dB. Examples of the frequencies from which such spurious

responses may occur are as follows:

(1/m) (nf_ £ f) and (1/k) (f,)

m, n, k are integers;

fL is the local oscillator frequency;

fi is the intermediate frequency;

fo is the tuned frequency.

NOTE \Vhere more than one intermediate frequency is used, the frequenci h of the
local osdillator and intermediate frequencies used. In addition, spurious respogses ma ut signal
is appliefl to the measuring receiver; for example, when harmomcs of the i y by one
of the infjermediate frequencies. The requirements under this heading therefo br cases.
The effe¢t of these spurious responses is dealt with in 4.7.2.

4.6 Limitation of intermodulation effects

The repponse of the measuring rece ed’by intermodulation |effects
when tested as follows.

Arrange the apparatus as shown in figure ~ erator has a spectrum subsfantially
unifornm up to frequency 3) b gquency 4) of the frequencies given in
table 4. The band-stop filter hag an e test frequency of at least 40|dB. Its

bandwidth, Bg, relati
frequencies 1) and 2)

9,

A\

Filter, attenuation
40 dB at f

Sine-wave gerferatqr
frequgncy f

A\, 4

attenuation of the filter shall lie between the

__‘02 |
Pulse generator
G ————— ) g
a
Receiver tuned to f

Responses:
01 = 024

o1p = 0(18—40 dB

Ogp = Oigg — 36 dB

Figure 3 — Arrangement for testing intermodulation effects

IEC 1297/99
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Table 4 — Bandwidth characteristics for inter-modulation test
of quasi-peak measuring receivers

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

Connect the sine-wave generator output direct to the mnnenring receiver input and adjust for

a convenient reading. Substitute the pulse generator for the sine-wave or and adjust
for the [same reading. The pulse repetition frequency shall be 100 Hz f 000 Hz
for the jother bands.

With the pulse generator connected as described above, switg it shall
introdufe attenuation of not less than 36 dB.

4.7 Limitation of receiver noise and internally gene als

4.7.1 Random noise

The bagkground noise shall not introd

NOTE Ior a measuring apparatus incorporating\attenvatie i iate frequency amplifier, this gondition
will be rggarded as being satisfied if the apparatus_somplies '« '

A sine-wave signal is applied to the input of the m S S that the
output meter shows a reference 4d equency
stages. The level of the input § n 6. The
increase|of the level of the input i

4.7.2 Contin<:s

Where |more than one ses as
described in the nd dB for
any signal input nuation
in the |.f. amphifi bmplies
with 4.7.1 when te & p nediate
stages|s i

4.8

Screenjing effectiveness is a measure of the ability of the measuring receiver to operaJe in an
electromagnetic field without degradation. The requirement applies to receivers operating
within the "CISPR indication range" specified by the manufacturer as described in 3.9.

The screening of the receiver shall be such that when it is immersed in an ambient
electromagnetic field of 3 V/m (unmodulated) at any frequency in the range 9 kHz to
1 000 MHz, an error of not greater than 1 dB is produced at the maximum and minimum of the
CISPR indicating range as specified by the manufacturer of the receiver. In cases where a
measuring receiver is not immune to the requirement of 3 V/m, the field strength and
frequency at which the error exceeds 1 dB shall be stated by the manufacturer. The test shall
be performed as described below.
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The receiver is placed inside a screened enclosure. An input signal is applied to the receiver
via a 2 m long well-screened cable (e.g. semi-rigid), through a feedthrough in the enclosure
wall, to a signal generator placed outside the enclosure. The level of the input signal shall be
at the maximum and the minimum of the CISPR indication range as specified by the
manufacturer of the receiver. All other coaxial terminals of the receiver shall be terminated in
their characteristic impedance.

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

The st
by a fig

asured
Id strength monitor.

The reg¢eiver meter indication in the presence of the ambient electrd Il differ
by not more than 1 dB from the meter indication when the field is.abs

4.8.1 Limitation of radio-frequency emissions from the

4.8.1.1 Conducted emissions

The ra mains
terming PR 11.
The me e inner
condud jection
power nall not
exceed

4.8.1.2 Radiated emissions

The raglio disturbance|fie b emitte e measuring receiver shall not exce¢ed the
limits fpr class B equif ) ISPR 11, for the frequency range of 9(kHz to
1 000 MHz. The K gquency bands (ISM frequencies) listed in[table 1
of the game publicatip frequency yange of 1 GHz to 18 GHz, a limit of 45 dB(pW) shall

apply.

Before i \ d conducted emission measurements, it is essential that the
noise ¢ i ‘ quipment do not affect the measured results (e.g. cdmputer
control),

4.9 | onnection to a discontinuous disturbance analyzer

For all|bands the disturbance measuring receiver shall have both an intermediate-freguency
output land an output from the quasi-peak detector for the measurement of discontinuous
disturbance. The loading of these outputs shall have no influence on the indicating
instrument.
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5 Peak measuring receivers for the frequency range 9 kHz to 1 000 MHz

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

5.1 Input impedance

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

Symmatric input impedance in the frequency range 9 kHz to 30 MHgZ nmetric
measufements a balanced input transformer is used. The preferred if
for thgd frequency range 9 kHz to 150 kHz. This symmetric
incorpgrated either in the relevant symmetrical artificial network

receivar or optionally in the measuring receiver.

5.2 Fundamental characteristics
5.2.1 Bandwidth

| value
idth at

For all[types of broadband disturbanc
of the bandwidth shall be stated whe
the 6 dB points shall lie within the value

Table 5 - Ba@th ey

ements

Frequency ran\gi \( BMWM{U:/BG Preferred BW
N
9 kHz to 150 kHz (bapd ) A 100 Hz+6'300 Hz 200 Hz
015 MHz to 30'Mikiz \}and B)> S/QHZ to 10 kHz 9 kHz
34 MHz to 300 C and D) 100 kHz to 500 kHz 120 kHz
iz (bahds.C N >
NOTE Since peak measuring receiver to non-overlapping pulses is proportional fto

bandwidth is quoted in the result or the level may be quoted
aq that "i 1 calculated by dividing the measured value by the impulse bandwidth
in|[MHz ($ee 3. pesyof broadband disturbance this procedure would introduce an error.

ity impulse ba

5.2.2

In order<to achieve a meter reading within 10 % of the true value of the peak at a repetition
rate oﬁﬂ—wmmmmmmmwwm—mms than

the values given below.

a) 1,89 x 104 in the frequency range 9 kHz to 150 kHz;
b) 1,25 x 106 in the frequency range 150 kHz to 30 MHz;
c) 1,67 x 107 in the frequency range 30 MHz to 1 000 MHz.

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

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

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

(see 5.2.2).

5.3 Sine-wave voltage accuracy

The accuracy of measurement of sine-wave voltages shall be better than £2 dB when supplied

with a sine-wave signal at a 50 Q resistive source impedance.

5.4 esponse to pulses

A tolerance of +1,5 dB is permitted in the sine-wave
for all pulse repetition frequencies for which no oveyrlappiy
i.f. amplifier.

NOTE 1| Annexes B and C describe methods Tqr deter
in testing the requirements of this subclause.

NOTE 2| At a repetition rate of 25 Hz for band
indicatiops of a peak measuring receiver and fa qu
given in fable 6.

Table 6 — Relative pulse response\0 and quasi-peak measuring receive
r%\% bandwidth

applies
l of the

5 for use

veen the
idth are

rs

/\ Vs /S Hz 25 Hz

&/ Ratio peak/quasi-peak (dB)
Frequency /\\ imp for pulse repetition rate

100 Hz

\GNXN’\?’ 0,21 x 103 6.1

BandA_
Band B \0\48W 9.45 x 103 -

6,6

Bands Band IR 0,01y« 102 | 126,0x 108 -

12,0

A}

5.5 felectivity

Since the bandwidth requirements of 5.2.1 allow variations from the bandwidths given in
figures 2a, 2b and 2c, these selectivity curves apply to peak measuring receivers as regards
shape only, and the frequency axis shall be scaled accordingly. For example, Bg/2

corresponds to 100 Hz in figure 2a.
The requirements of 4.5.2, 4.5.3 and 4.5.4 apply.

5.6 Intermodulation effects, receiver noise, and screening

The requirements of 4.6, 4.7 and 4.8 apply.
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6 Average measuring receivers for the frequency range 9 kHz to 1 000 MHz

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

6.1 Input impedance

The input circuit of measuring receivers shall be unbalanced. For receiver control settings

within fhe CISPR indicating range, the input impedance shall be nominall VSWR
not to gxceed 2,0 to 1 when the RF attenuation is 0 and 1,2 to 1 when the 5 10 dB
or greater.

Symmatric input impedance in the frequency range 9 kHz to 150 Z: netrical
measufements a balanced input transformer is used. The preferredN i for the
frequency range 9 kHz to 150 kHz is 600 Q. This sy ic i nay be
incorpqgrated either in the relevant symmetrical artificial_net to the

receivar or optionally in the measuring receiver.

6.2 Fundamental characteristics

6.2.1 Bandwidth

The bapdwidths Bg shall lie within the valUes in\tab

Nrﬁ\an%th réquirements
ge ) (

FrequencyM Wth Bg Preferred BW

9 kHz to 150 Mba‘m; A) > 10§Hz to 300 Hz 200 Hz
190 kHz to 30 MY (hahd B) "\, 8kHz to 10 kHz 9 kHz

30 MHz to 1000 Mdx (bands C 2d D)~ | 100 kHz to 500 kHz 120 kHz
NPTE The subject\of kand 'dtMcussed in annex E, clause E.1. If a bandwidth other than the
preferredﬁ\'«i ed\it'shall bestated when the disturbance level is quoted.

N

6.2.2

The overload-factor for circuits preceding the detector at a pulse repetition rate of n Hz shall
be Bimg/ns With Bjmpih Hz.

The receiver shall not overload for pulse rates equal to or greater than 25 Hz for band A,
500 Hz for band B, and 5 000 Hz for bands C and D.

NOTE With this type of receiver it will not, in general, be possible to provide a sufficient overload factor to prevent
non-linear operation of the receiver at very low pulse rates (the response to a single pulse is not defined).

6.3 Sine-wave voltage accuracy

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


https://iecnorm.com/api/?name=9bc4b422df354916c6499ca222378095

CISPR 16-1-1 © IEC:2003 -51-

6.4 Response to pulses

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

6.4.1 Amplitude relationship

The response of the measuring receiver to pulses of repetition rate n Hz and impulse area
e.m.f. at 50 Q source impedance equal to 1,4/n mVs, shall be equal to the response to an
unmodulated sine-wave signal at the tuned frequency having an e.m.f. of r.m.s. value 2 mV
(66 dB(uV)). The source impedances of the pulse generator and the signal generator shall
both be the same. The pulses shall have a uniform spectrum according to table 2 of 4.4.1.

The value of n shall be 25 for band A, 500 for band B, and 5 000 for, d D. A
tolerange of 2,5 dB/-0,5 dB is permitted on the sine-wave voltage level,
NOTE 1| A lower impulse area may be used together with a proportionally lowey a i odulated
sine-waMe input, provided sufficient signal-to-noise ratio is maintained.
NOTE 2| At repetition frequencies of 25, 100, 1 000 and 10 000 Hz, the rel igns of an
average [and a quasi-peak measuring receiver of the same bandwidth, assu rs and a
constant|output level, is given in table 8.

Takhlle 8 — Relative pulse response of average i-pea asuring receijers

for the same ba dw d
t|o uas e@ver e indications (dB)
Frequency range of ulser tition rate
measuring receiver
10 Hz 500 Hz 1000 Hz 5p00 Hz
9 kHz to|150 kHz (band A) ( 12(4\ \
0,15 MHE to 30 MHz (band B) /\ L~ \ \ \(ag\gf 22,9 (17.4)
30 MHz {o 1 000 MHz (band Chx)\ (38,1) 26,3
NOTE VYalues in brackets ére\kv/h\Nath ~
6.4.2 Variation uency
The regponse of % i cejver to repeated pulses shall be such that, for a cpnstant
indicatijon o a iver, the relationship between amplitude and repetition
frequency is ¥ the following law.
ptitude proportional to (repetition frequency)-1

A tolerpnce of +3 dB/to —1 dB is permitted in the frequency range from the lowest repetition
frequenecyusable as determined from overload considerations to a frequency equal to B3/2.

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

6.4.3 Response to intermittent, unsteady and drifting narrowband disturbances

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

Envel Meter A Mi
nvelope simulating Icro-
detector [P network [ 5 €<—> processor

IEC 1912/02

Figure 4 — Block diagram of an average detector

It is deduced from the above requirement that an average measuri hah yield the
maximyim reading listed in table 9 for a radiofrequency sine-wave |pu ed with
repeated rectangular pulses having the duration and period indj erance

of +1,0

40V

dB is allowed for this requirement.

Table 9 — Maximum reading of average
pulse-modulated sine-wave input in co

nd C/D receiver
Tw=0,1s

Repeated rectangular
pulses for modulation

Duration =Ty

0,353 (=-9,0 dB)
Period =1,6 s

U |

Time s

IEC 1913/02

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

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

For receivers with a bandwidth of 200 Hz (for frequency range 9 kHz to 150 kHz) or a band-
width of 9 kHz (for frequency range 0,15 MHz to 30 MHz) the overall selectivity shall be within
the limits shown in figures 2a and 2b, respectively. For receivers with a bandwidth of 120 kHz
(for frequency range 30 MHz to 1 000 MHz), the overall selectivity shall be within the limits
shown in figure 2c. For receivers having other bandwidths, the figures 2a, 2b and 2c describe
the shape only, and the frequency axis shall be scaled accordingly.

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 transition between 130 kHz and
150 kHz[{e-g- mains signalling equipment as defined In EN b0U65-1/AZ), a highpass 1inier € added m front of
the measguring receiver to achieve the following combined selectivity of CISPR measurirjg receiver and)highpass
filter:

Frequency Relative attenuation
kHz
150 <1
146 S/(\ < \
145 >B \
140 > 35;\
130 ( =
The measuring receiver in conjunction with the xighpass fi M ulfi requirements of this standarg.

71 Input mp?

The input circuit shall be unbalanced. For receiver control gettings
within fthe CISPR jiriqdix ; s, thput impedance shall be nominally 50 Q with a|VSWR
not to ¢xceed 2,0\to dttenuation is nil and 1,2 to 1 when the RF attengator is
10 dB ¢r grea

Symmatdc mput ik e in the frequency range 9 kHz to 30 MHz: To permit symmetrical
measufemse 3 anced’input transformer is used. The preferred input impedance [for the
frequency range z to 150 kHz is 600 Q. This symmetric input impedance may be
incorpqgrated eitherin’the relevant symmetrical artificial network necessary to couplg to the
receivar or optionally in the measuring receiver.

7.2 Fundamental characteristics
7.21 Bandwidth

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

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

be 1,27(B3/n)1/2, with Bs in Hz.

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

determined.

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

7.3 Sine-wave voltage accuracy

The acfuracy of measurement of sine-wave voltages shall be better tha
with a sine-wave signal at 50 Q resistive source impedance.

7.4 Response to pulses

NOTE Annexes B and C describe methods for determining the output
in testing the requirements of this clause.

7.41 Amplitude relationship

The res
e.m.f. (with B3 in Hz) at 50 Q source

highes{ tuneable frequency of the recei
frequer

bands |[B, C and D, the gbxresponding

100 HZ The source impedance - or and the signal generator shall

the same. A tolerance \of IS it in the sine-wave voltag
above.

e levels pre

NOTE 1| Annex A lation-for the pylse response of the r.m.s. detector. At a repetition fi

upplied

E for use

2] uVs
ast the
for all
at the
ers for
z) and
poth be
scribed

equency

of 25 HZ and 100 HzY e ship between the indications of an r.m.s. and a quasi-peak
measurir in table 10.
NOTE 2 q eused/together with a proportionally lower amplitude for the unmpodulated
sine-wa i i ignal-to-noise ratio is maintained.
Ta tive pulse' response of r.m.s. and quasi-peak measuring receivers
Fr\éque cy\énge of Pulse repetition range Ratio quasi-peak/r.m.s.
asurihg receiver indications
Hz dB

HHHzto—+560-+Hz(handA) 25 42

0,15 MHz to 30 MHz (band B) 100 14,3

30 MHz to 1 000 MHz (bands C and D) 100 201

7.4.2 Variation with repetition frequency

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

frequency shall be in accordance with the following law:

Amplitude proportional to (repetition frequency)-1/2
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The response curve for a particular receiver shall lie between the limits in table 11.

Table 11 — Pulse response of r.m.s. receiver

7.5 $electivity

Since the bandwidth requirements of 7.2.1 allow
figures|2a, 2b and 2c, these selectivity curves a
shape |only, and the frequency axi

corresponds to 100 Hz in figure 2a.

The requirements of 4.5.2, 4.5.3 and 4 /£

7.6 creening

The re

8 Sp

8.1 ing receivers for the frequency range
Spectrim an scanpnihg receivers intended for the measurement of disturb
the frepden 9 kMz to 1 000 MHz shall comply with the performance requir
specifigd |

8.2 amfyzers and scanning receivers for the frequency range

GHz to 18 GHz

Repetition Relative equivalent level of pulse
frequency dB
Hz Band A Bands B, C and D
1000 - -10+£1,0
100 -6 +0,6 0 (ref.)
25 0 (ref.) +6 £ 0,6
20 +1£0,7 w7207
10 +4+1,0 #10 24,00
2 +11+1,7 +'<i\\>\ \/
1 +14£2,0 ¥2Q) 2,6\ \>
X

the\bandwidths gfven in
g receivers as fegards
ingly. For examplg, Bg/2

ance in
ements

The spectrum analyzer is the most commonly used equipment for measurements
1 GHz. The measurement method in this range is based on this equipment. The

above
use of

measuring receivers with stepped frequency scanning is however not excluded. The

indications below apply, as appropriate.

Requirements for measuring apparatus in the frequency range 1 GHz to 18 GHz are listed

below:

a) Resolution bandwidth (RBW)
For general measurements above 1 GHz, the resolution bandwidth (RBW)

of the

measuring receiver shall be 1 MHz. In justified cases, depending on the system to be
protected, the source and the emission limit, narrower or wider RBW may be specified by

the relevant product committee.
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The chosen value shall be defined with a tolerance of +10 % (1 MHz + 10 % for example).

This RBW shall be defined as the impulse bandwidth of the measuring apparatus.
Detector

The peak detector is a standard detector on spectrum analyzers and is therefore the
preferred detector for emission measurements above 1 GHz. A maximum hold function

may be used for signals varying with time.

Additional measurements with a weighting detector may also be applicable to some
products or product families if it is appropriate to evaluate its interfering potential towards
radio systems. A weighting function can be achieved by reducing the video bandwidth of
the spectrum analyzer.

Video bandwidth (VBW)
Forlmeasurements with a peak detector, the VBW shall be hig 1 MHz,
seg| 8.2 a)). On generally available measuring equipment, this BW set
to three times the RBW.
To [reach weighted measurements, the VBW should an the
modulation bandwidth of the signal to be measured. T t VBW
can| be done by reducing the VBW until the indicated $s than
approximately 1 dB. Linearity reserve requirem etector
are|under consideration.
NOTIE For peak measurements, the outp ¢ read from the display ¢perating
in either the linear or the logarithmic mode. o e linear mode is used, the result
will forrespond to the average level of the d_signak/f the logarithmic mode is used, the result will
corrgspond to the average of the logarithmic x si ignjal taking
dB(pV),
whe
Scrieening effective
For| the frequencypnrange under
congideration.
Inpput filter
ilter shall b huation
3 circuits
nic and
strong
normally
To permit visual observations while using the slower sweep times, the spectrum ahalyzer
shall be provided with some form of display storage.
Scanning time
The scan time for the displayed frequency range should be capable of being varied, e.g.,
from 0,1 s to 10 s.
NOTE The definition of additional parameters of the measuring apparatus such as input impedance, linearity,

sine-wave voltage accuracy, absolute calibration, etc. is presently under consideration.
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9 Audio-frequency voltmeter

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

The voltmeter also enables assessment to be made of the performance of audio systems
subjected to continuous and impulsive noise. It contains various circuits which can be
selected depending on the function to be served. Where a specific functionis_desirgd, only
those dircuits necessary for that function need be included.

A blocH diagram of the voltmeter is shown in figure 6.

Psophometric filter \/ R.M.S. vpltmeter

(programme}
© S) &
o Wideband w }L
O—C} O ° HZ=3&kHz
Input (o]
N
Aol Quasi-peak voltmeter

(teleph%

EC 1298/99

of an audio-frequency interference voltmeter

9.1 Fundam gcharacteristics

9.1.1 Input impedance

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

The balance of the 600 Q input shall be such that when a voltage U is applied between the
voltmeter ground and the mid-point of a 600 Q resistor connected across the input terminals,
the output indication shall not exceed 0,1 mV. The value of the voltage U for the test shall be
in accordance with table 12:

*

IEC 60315-3 for a.m. receivers.
IEC 60315-4 for f.m. receivers.
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Table 12 — Balance requirement

Asymmetrical input voltage
Frequency for 0,1 mV Common mode rejection
symmetrical output voltage
Hz U (V) dB
50 200 126
250 40 112
1000 10 100

9.1.2 Sensitivity

The measuring range of the voltmeter for an input frequency of 1 k mV full

scale t¢ 1 V full scale.

9.1.3 Frequency response
The redponse of the components of the voltmeter to sine-wavenput.si OWS:

a) frequency response of the wideband amplifier: 3 4
b) teldphone psophometric filter: see figure 7**
c) SOUJ:d programme psophometric fifter:

9.2
The acpuracy of measurement of sine-wavé voltages ¥ be better than +2 dB when spupplied
with a $ine-wave signal af/50\Q re ive\so impedance.

9.3 $creening

The scfeening o@ - y when it is immersed in an alternating mpgnetic
field of|1 A/m at th& piqj 3 ; gcy, an error of not greater than 1 dB is prodyced at
any mdasuring lev

NOTE $pecifications

See CCITT Recommendation P.53, Psophometers (apparatus for the objective measurement of circuit noise).
Blue Book, Vol. V (1989). See also ITU-R Rec. 0.41 (10/94).

*kk

See ITU-R Recommendation 468-4 (1986).
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Figure 8 — Weighting network for programme measurement and its response curve
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Requirements for use as a quasi-peak meter

The sound programme psophometric filter shall be used.

9.4.

1 Quasi-peak meter fundamental characteristics

The response to pulses as specified in 9.4.2 and 9.4.3 are calculated on the basis of the
following nominal fundamental characteristics.

Overload factor 30 dB
Charging time constant 1 ms
Disfharging time constant T60 ms
Mec¢hanical time constant of the critically damped

indicating instrument 160 ms

NOTE
of 9.4.2 and 9.4.3.
9.4.2 Response to pulses

The re
uniform

9.4.

The re$

the

9.5

9.5.

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

3

me

[Vhen used with a measuring receiver, the time constants shall be.adj

sponse to both positive and negative pulses/of imp
spectrum up to at least 20 kHz, repeated a f
the response to a 1 000 Hz sine-wave avmg a
The sa S
same.

esponse requirement

TS

Relative equivalent level of pulse

dB

N e

-4,5+1,0

0 (reference)

e

6,5+1,0

) 5

14,5+ 2,0

Isolated pulse

23,6 +3,0

irements

hving a

100 Hz, shall be €dqual to

B(uV)).
be the

tion on
rdance

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

1 RMS meter fundamental characteristic
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9.5.2 Response to pulses

For an r.m.s. audio voltmeter with a 3 dB bandwidth B3 in Hz including the frequency weighting due
to the psophometric filter, if any, the response of the meter to pulses of impulse area 139(B3)-1/2uVs

having a uniform spectrum up to at least 20 kHz, repeated at a frequency of 100 Hz, shall be equal
to the response to a sine-wave having an r.m.s. value of 2 mV at the frequency giving the greatest
response. The source impedances of the pulse generator and the sine-wave generator shall be the
same. A difference of +1,5 dB between the two responses is allowed.

9.5.3 Variation with repetition frequency

The respense—ofthe—veltmeterto+repeated-pulses—shall-be-such-thatfora—sanstantingication

on the |meter, the relationship between amplitude of pulses and repetition frequencyghall be

in accordance with:

A toler e level

at 100

NOTE e overall

bandwid e meter

(assumir hd 30 dB

overload

10 Disturbance analyzers

Disturb e ati S ment of amplitude, rate and duration

of discontinuous disturbangs

A ‘clickl has the followi

a) the|QP ampl@

b) thel|duration is\n0o

c) and e than
200

A serigs of{sho S be treated as a click when its duration, measured from

the staf ; of the last pulse, is not longer than 200 ms and condifions a)

and c)

The time parameters\are determined from the signal which exceeds the IF reference |evel of

the mepsuring receivef.

NOTE 1| Definition and assessment of clicks are in compliance with CISPR 14-1:2000.

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

10.1 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 %.
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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 4.1.

The analyzer shall be capable of indicating the following information:

For rmance
che

Fig

Fig for the
per b 4.2.3
of ¢ISPR 14-1.
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Calibration
crreutt
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Apparatus
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Timing circuit

Number
of isolated clicks

%

indicator
for more than two clicks
in any 2 s interval

ODLQ‘

Timing circuit
N
ing n ark >( ming Circuit
=
o
Clock
Y4

ration of each disturbance

her than clicks (durations

re additive if the counter
is not reset)

Eigure 9 — Example of a disturbance analyzer

Number of operations
on apparatus under test

IEC 1305/99
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Test | Evaluation by
No. Test signal , the analyzer

|
|

1 0,11ms/1 dB | 1 click
9,5 ms/1 dB |

5 “1s ! +1s | 1 click
Background: noise or CISPR pulses, 200 Hz: -2,5 dB (QP) I
|

190 ms/1 dB
i I— - |__1click

Background: noise or CISPR pulses, 200 Hz: -2,5 dB (QP) I

Othe than clllck
4 1333 ms/1 dB
S

5 210 ms/1 dB <\\\\Q\$han ¢lick
I

30 ms/5 dB 30 ms/5 dB
6 180 ms I | Other than ¢lick

30 ms/5 dB 30 ms/5 dB U \/ I
7 130ms I 6 b 4 dlick

|
30 ms/5 dB 30 ms/5 dB > |
8 210ms I . | 2clicks
D |
| Other than ¢lick

9 " ”“"""l : in-24 pulses/0,11) nfs/periodicity 10 ms/1 dB
It I

10 265@

30 ms/-2,5 dB I

30 ms/25 dB

<

| 1 click

190 ms/25 dB
d By 1934 msBand & under consideration

11

i | 2 clicks
|
&/25 dB \) 30 ms/~2,5 dB/2 dB IF
& |
12 Band By 1 166 ms/Band C: under consideration h 1 clich
—— N\ L

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

ELC 1115/03

Figure 10 — A graphical presentation of test signals used in the test of the analyzer for
the performance check against the definition of a click according to Table 14
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Table 14 — Disturbance analyzer performance test —
Test signals used for the check against the definition of a click

Test signal parameters
1 2 3 4 5
QP amplitude of Duration
. impuljesdadjll;sted zf imp:lseshf Graohical cat ]
[} individua adjusted in the raphical presentation o
f relative to gP irjltermediate Sfe_paratlion thep;est siZnaI measured
73 of impulses f g
P indir(:}af::aizenng:3 the frequtzl}?{l:utput or periodicity | Evaluation by thema;r;itlzli:a?eud“gj; Z?;nal
measurement measurement (IF-output) the analyzer relative to the reference
receiver receiver ms indication of the
dB ms E}éﬁﬂgttﬁrﬂ ceiver
ilse 1 | Pulse 2 | Pulse 1 | Pulse 2 I N
1 0,11 1 click
N N
\
a N
N \.\
q};ﬂmﬂ mﬁ HI.ﬂﬁAﬂ 'A" \
/\(> O 1s
2 9,5 3 1 M
C Q/\\ 22
A\
1 QK\) 1 click
2,2s
1 1333° Other than click
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Table 14 (continued)
Test signal parameters
1 2 3 4 5
QP amplitude of Duration
_ | impulses adjusted of impulses f
o individually adjusted in the . Graphical presentation of
f relative to QP intermediate Separation the test signal measured
o reference frequency output of impulses Evaluation b in the IF-output and
F | indication of the of the or periodicity the anal zery the associated QP signal
measurement measurement (IF-output) Y relative to the reference
receiver receiver ms indication of the
dB m measurement receiver
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2 (\
\
5 1 210 Other than click N (‘
(210 ms) A
X
X
N
N ~
N I
/ T
) AU e
6 |5 5 30 30 okher'thdn
(240 ms)
> //—_-\\
O @x i
7 |s 5 \ 3 10 1 click
/Q\ ]
1s
8 5 5 30 30 ALY Z CIICKS
//’_\\
™~
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Table 14 (continued)

Test signal parameters
1 2 3 4 5
QP amplitude of Duration
_ | impulses adjusted of impulses f
o individually adjusted in the . Graphical presentation of
f relative to QP intermediate Separation the test signal measured
o reference frequency output of impulses Evaluation b in the IF-output and
F | indication of the of the or periodicity the anal zery the associated QP signal
measurement measurement (IF-output) Y relative to the reference
receiver receiver ms indication of the
dB ms measurement receiver
Pulse 1 | Pulse 2 | Pulse 1 | Pulse 2 (\
\
9 1 0,11 Periodicity 10, Other than click N l
min. 21 pulses
el A\
N N
10 |-25 25 30 1W ;
™~

> :

1|29 -25° }W\ 3 X034 ° 2 clicks *
) /
Q& |
\/ J.'.'lu b va e
12 |25 25 190 30 17166 TCHTK

|

——]
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Table 14 (continued)

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

Observations:

1) The graphical representation is done with peak measurements of a very short hold time (<1 ms) of the test
receiver which show the 200-Hz pulse. When the pulse-modulated sine wave arrives, the 200-Hz-pulse is no
longer visible (as seen in the graph for test no. 3) but still present during the event of the click disturbance

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

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

These lower levels shall be set such that the intermediate frequency threshold is exceede luasi-peak
thr¢shold is not exceeded

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

The¢ correspondent values for the frequency range above 30 MHz are u
after further investigations.

be revised

! The rise times of the pulses shall not be longer than 40 ps. /\

&
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10.2 Test method for the validation of the performance check for the click analyzer
10.2.1 Basic requirements

The disturbance analyzer is connected to the quasi-peak measuring receiver and tuned to a
convenient frequency.

A CW signal and a pulsed CW signal both at the tuned frequency of the receiver are required.
A signal generated by CISPR pulse generator, as defined in Annex B, with a 200 Hz PRF
covering the receiver bandwidth at the tuned frequency is also required for tests No. 2 and 3.

The pulsed CW signal source shall provide two independently variable pulses. The rise time
of the pulses shall be not longer than 40 us. The pulse duration shall bé i etween
110 ps|and 1,3 s and the amplitudes variable over a 44 dB range. An oise of
the pulsed CW signal source shall be at least 20 dB below the referetce leve step a)
in the test measured on the receiver’'s quasi-peak meter.

The tegt procedure is as follows:

junction
ing the
Asuring
e. The
r noise
old in the IF channgl. The

a) The CW signal is connected to the input of the mea
with the disturbance analyzer. The amplitude of
me i
rec
reg
bu

cof e receiver constituteq the IF
reference level

b) Th heNinput of the measuring receiver. Hor test
nu ¢ pulse™Mgenerator is added to the pulsed CW

signal. ’ i Vi Table 14. The amplitudes of the|pulses

shpwn in column justed jndividually relative to the indication of the
limit (QP) for contjnuby i ¢ threshold in the IF channel. The levels shall
be| relative e bi ahd IP reference levels established in the previous
paragraph.

10.2.2

The teq

The pa
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Annex A
(normative)

Determination of response to repeated pulses of quasi-peak

and r.m.s. measuring receivers
(subclauses 3.2, 4.4.2, 7.2.2 and 7.4.1)

A.1 General

or establishing
re also

This arjnex sets out the data for the numerical calculation, and the procedur
the cunve of response to repeated pulses. The assumptions inherent i
stated.|The calculation is divided into three successive stages.

A.2 Response of the pre-detector stages

The pUdlse response of these stages is, in general, detefn e |IF stages that

define the overall selectivity of the receiver.

It is common practice to consider that this selec | 2 e ai of two
critically-coupled tuned transformers arre \ ] pass-
band af the —6 dB points. Any other équivs 2 ove for
purposes of calculation. The practical 3 of the
equivalent low-pass filter for calculati e error
resultir

The en

(A.1a)

where

G ist:[
wg is't

The en e area
vt is, f
A(t) = (u1) 4 wgGe™®,! (sin wgt — wot cos wqt) (A.1b)
The co i ivi i - i ' << 1/wg:
F(f) = G 20 (@ + joo)? + w2 [f (A.2)
where
o = 2xf.

The bandwidths B3 and Bg will be:

= |:\/§ X 41[(\/5—1):| wp/n = 0,361 og (A.3a)
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Bg = V2 x wp/n = 0,450 wg (A.3b)

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

+00
Af = (1/Fg2) /F2 (f) df (A.4)
where
F(f) is the selectivity curve;
Fo i3 the maximum value of F(f) (assuming a single peak selectivity curye).
The power bandwidth is then, for Fg = 1
+00
Af=/F2 (f) df (A.5)
Taking|F(f) from equation (A.2) and putting G = 1, we have:
(A.6)
this legdds to:
(A.7)
thus:
(A.8)
A.3 R ' : oltmeter detector to output of preceding stages
The ca to the
output signal
therefrof gligible
compa
Any detector’ may b¥ reduced to the form (actual or equivalent) of a non-linear element (for
examplera-diode) in association with a resistance (total forward resistance S) and followed by

a circuit consisting of a capacitance C in shunt with a discharge resistance R.

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

The relationship between T¢ and the product SC 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.
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The voltage U across the capacitor is related to the amplitude A of the RF signal applied to
the detector by the equation:

du/dt + U/(RC) = A (sin 6 — 6 cos 0)/(n x SC) (A.9)
where 6 is the conduction angle (U = A cos 0).
This equation is not directly integrable. A value for the product SC, which, for the time

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

in band A: Tc = 45 ms

I5) =500 ms

2,81SC = 1ms
in band B: Tc = 1 ms

Tp = 160 ms

3,95S8C = 1ms
in bands C and D: Tc = 1 ms

Tp = 550 ms

4,07SC = 1 ms
By ins ( . 3 her an
isolatedl pulse or repeated pulses (ag 9 y ing, in
place g Ve 2.
This c3 evel for
the out ent AU
of this etween
two suq

A.3.1 |Respons

The only simplify of the

output poltage of

The folloyi gristic equation then has to be solved:

L E T a=——exp| — A.10
dt? Ty dt 727 T2 [) (A-10)

where
a(t) is the instrument deflection;
Tp is the electrical discharge time constant of the quasi-peak voltmeter;

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

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

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

+oo 1/2
U :[nI (A2(t)/2)dt]

0

where
n is the pulse repetition frequency in hertz.

vt is the area of pulse having a uniform frequency spe

This giyes:

.

Which,

From e [ ) pli elationship may be deduced by taking:
mV, when n =100 Hz

thus:

vt = (100 v2)/ JAF  (uVs)
or from

vt =139/,Bs (nVs)

The oufput may also be deduced from the frequency response curve as:
o ) 12
Ui = nJ. (2utxF~(f)/2)df
where

A.4.1 Calculation of overload factor

(A.11)

(A.12)

(A.13)

(A.14)

(A.15)

(A.16)

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

follows:

From equation (A.14):

Urms = (01) x (20 AH”
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from equation (A.1), and for G = 1:
A(t)peak = 0,944 x vT x 09
thus overload factor:
A(t)peak IN2 x Uims = 1,28 (B;),/n)/2 (A.17)

A.5 Relationship between indication of r.m.s. meter and quasi-peak meter

The amplitude relationship for the r.m.s. meter which states the value of pu (vT)msg| for the

case of 100 Hz, which is equivalent to a sine-wave signal of 2 mV is, fr 16):
(VT)rms = 139 /ﬁ (uVs)
For the| selectivity characteristic quoted in equation (A.2), t
(UT)rms = 155 /ﬁ
when re
For the w is equivalent to a sine-wave
signal
for the
for the
(uT)gp = 0,044 uVs
Thus for aving band-pass characteristics according to equation (A.2)
and a handwidtk ake dB equal to the nominal bandwidths prescribed in clauses 4, 5, ¢ and 7

the follpwing~tetationships/for (vt)rms/(vT)qp eXist:

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

(VT)rms/(vT)gp = 14,3 dB
for the frequency range 30 MHz to 1 000 MHz:
(vT)rms/(vT)gp = 20,1 dB

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

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

B.1 Pulse generator

For checking compliance with the requirements of section 1 of this standard, a pulse

genera
tested

For eag¢
capabl¢

frequer
repetiti

or 1Is needed. CLompliance with the requirements of 4.4, 4.0, 3.4, nd 7.4

ising the pulse generator technique.

bn frequency to within about 1 %.

Table B.1 — Pulse generatoﬂa\h«t\e istics
N

may be

Frequency band of Impl:;e\crvﬁ\)/ 3 ?>peMn frequency

receiver under test
Hz

S
0,09 to 0,15 MHz \1\3@\ \ N 1;/, 5, 10, 25, 60, 100

0,15 to 30 MHz /4 0,3\t~6\ 1, 2,10, 20, 100, 1 000

30 to 300 MHz \ (0we@\ '\~ [1.2 10,20, 100, 1000

B.1.1

The sp
receive
appara

The sp
the rec
band, t
the low

300 to 1 000 (s‘}e\u)u e\)\) 1, 2, 10, 20, 100, 1 000
NOTE The generator sh uI e able odu0| g pulses of adequate impulse area with as
uniform a spectru MQ%@\ ossjble:

pulses

he variation of the spectrum amplitude is not greater than 2 dB relative to its v
erfrequencies within the band. The impulse area at the measurement frequen

at represents as a function of the tuned frequenc
ariation of the equivalent voltage at the input of a measuring

of the

band of

eiver under_tesp. The spectrum may be regarded as satisfactorily uniform if, within this

lue for
iy shall

be known to within 0,5 dB.

For checking compliance with the requirements of 4.6, the spectrum above the upper limit of
the frequency band shall be limited (10 dB down at twice the upper frequency). This is
necessary to standardize the severity of the test since the inter-modulation products of all
components of the spectrum will contribute to the response.
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B.2 General method of measurement

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

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

method

may be used.

The pulse generator is connected to the input of an RF receiver followed by an oscilloscope

connec

ted so as to indicate the RF pulse at the output of the receiver.

At eacl
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b) the
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Annex C
(normative)

Accurate measurements of the output of

nanosecond pulse generators
(subclauses 4.4, 5.4,6.4, 7.4)

C.1 Measurement of impulse area (IS)

C.1.1 |(General

Theoretical and practical investigations have shown that, when appli it asonable care,
accurafe methods of measurement include those given in C.1.2 to

C.1.2 |(Area method

The pulses to be measured are fed through a narrow band<{j
frequency f having a symmetrical amplitude chara is phase
characteristic (in conjunction with a filter, an amplifigr ; ated in
its linear range).

The tolal area under the envelope A ing into

account the sign of different parts of in the
equatign.

where [S(f) is th 3 single
isolated pulse (e

In applying this 3 9 ermelate -frequency amplifier of a low-frequency recgiver or

a distufbance
tune aqross

used together with a series of frequency convefters to
pulse. The output of the final intermediate-frequency amplifier

is taken gi ostillossdpe for the area measurement.
In a variation @t this method for pulses of duration much shorter than the period| of the
frequer edmpulse area can be measured directly as an integrated area by megns of a

required),‘the integration taking into account the sign of different parts of the area.

suitabltj oscilloscope (for example, for nanosecond pulses, a sampling oscillosdope is

C.1.3 Standard transmission line method

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

where

The pUlse generator may then be used to calibrate the pulse respo

measu
compo

C.1.5

Another method compares the power produced by

produc

IS = Vk/2F = V2 12F

Vk = V2 Is the peak value of the k-th harmonic.

ing receiver in which the bandwidth is sufficiently wide %
nents (approximately 10 or more within the 6 dB bandwidth

Energy method

ed by the pulse generator. However, the ac

ics of a

rmonic

esistor) with that
his method is some-

what lg¢ss than with the three methods menti method may be ugeful at

frequencies of the order of 1 000 MHz

C.2 Rulse generator spectrum

C.21
known

C.2.2

c.2.3
dependg

C.24
spectry

is consjd

a) if v
with
exc

b) if the

The pulse :epe itio e known with an error not greater than 1 9

For determ

ariation(of "the fre&quency spectrum is substantially linear with respect to fre
in the-frequenty passband of the receiver, and the spectrum irregularity dd
eed'0/5 dB within the receiver passband measured at the —6 dB points;

amanthiv, taonarad ~An Whath oidae frams tha

D.

hall not

guency

guency
es not

fr etr Y $1 fr
T ||u\.|uul|vy \JP\JUI.IUIII TS olllvuull_y P CTCU— O oot oTa T o 1T O trT tulllllu He

uency

of the receiver, and if the spectrum width at the —6 dB points is at least five times greater
than the receiver passband at that level.

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

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

The level of the pulse response curve for high repetition frequencies depends essentially on
the _l- ge_o he bandwidth On A iti e i

consta

It is als will be
most nfoticeable. The values required for the overload factors s€ /N ssaty [for the
accurate measurement of an isolated pulse using the b Vi Nyd ™ g nstants
prescriped.

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

@Q&@

icating
e most
ood of
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Annex E
(normative)

Response of average and peak measuring receivers
(subclause 6.2.1)

E.1 Response of pre-detector stages

It has been shown® that the area under the envelope of the impulse response curve of a
narrow of the
bandwidth, and is given by:

+o0
I At)dt =201G,

—00

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

This th velope
is char it may
be nece nse. In
the cas one.

NOTE iS oscillatory. Therefore, the calibration
error int |th a biased tolerance of +2,5 dB/-0,5 dB in
6.4.1.

As lon 0 i e .output,of’the IF amplifier, the average value is

In view i i idered meaningful to define an effective bandwidth for an
averagp

E.2 (

For cal d factor and for use in connection with peak measuring receijvers, it
is useful to_define_a guantity known as the effective impulse bandwidth of the pre-detector
circuit rs follows:

Bimp = All)max /2Go
where

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

* "Response of ideal radio noise meter to continuous sine-wave, recurrent impulses, and random noise"” by David
B. Geselowitz, IRE Transactions, RFI, Vol. RFI-3, no. 1, pp 2-11, May, 1961. See also, "Impulse excitation of a
cascade of series tuned circuits" by S. Sabaroff, Proc. IRE, Vol. 32, pp 758-760, December 1944.
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