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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 3: CISPR technical reports

FOREWORD

1) The|lInternational Electrotechnical Commission (IEC) is a worldwide organization for standard hprising
all |national electrotechnical committees (IEC National Committees). The obj romote
intefnational co-operation on all questions concerning standardization in the elecii ields. To
this|end and in addition to other activities, IEC publishes International Standarg ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides ds “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a erested
in the subject dealt with may participate in this preparatory work d non-
governmental organizations liaising with the IEC also participate in closely
with| the International Organization for Standardization (ISO) in &dccorda ned by
agr¢ement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matte possible, an interpational
congensus of opinion on the relevant subjects since eac } as representation from all
intefested IEC National Committees.

3) IEC National
Con of IEC
Publications is accurate, for any
mis

4) In d cations
trangparently to the maximum extent possible brgence
bety e itated in
the |atter.

5) IEC|i Independent certification bodies provide conformity
ass marks of conformity. IEC is not responsible |for any
seryi

6) All

7) No |i employees, servants or agents including individual expgrts and
mer| C National Committees for any personal injury, property damage or
othd v whether direct or indirect, or for costs (including legal fegs) and
expe the“publication, use of, or reliance upon, this IEC Publication or any other IEC
Publfi

8) Attdntio ormative references cited in this publication. Use of the referenced publicdtions is
indi pplication of this publication

9) Attd to Xhe DpOssibility that some of the elements of this IEC Publication may be the supject of
patgnt rights,\\E€ shall yot be held responsible for identifying any or all such patent rights.

The main,task of IEC technical committees is to prepare International Standards. Howgver, a

technigal*committee may propose the publication of a technical report when it has collected

data of a different kind from that which is normally published as an International Standard, for
example "state of the art."

CISPR 16-3, which is a technical report, has been prepared by CISPR subcommittee A:

Radio-

interference measurements and statistical methods.

This third edition of CISPR 16-3 cancels and replaces the second edition published in 2003,
and its Amendments 1 (2005) and 2 (2006). It is a technical revision.

The main technical change with respect to the previous edition consist of the addition of a
new clause to provide background information on FFT instrumentation.


https://iecnorm.com/api/?name=3f95fd60554b8f889ac02e1d02a6059e

TR CISPR 16-3 © IEC:2010(E) - 15—

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
CISPR/A/888/DTR CISPR/A/899/RVC

Full information on the voting for the approval of this technical report can be found in the

report on voting indicated in the above table.

A list of all parts of the CISPR 16 series can be found, under the general title Specification for

radio grbance anda ir OTTity asSuring apparatus and 003, 0

This plublication has been drafted in accordance with the ISO/IEC Direg

The cpmmittee has decided that the contents of this publication
the stpbility date indicated on the IEC web site under "http
relatedl to the specific publication. At this date, the publication

* reg¢onfirmed,

* withdrawn,

. rellaced by a revised edition, or
*+ anended.

A bilingual version of this publication may be\Ng

webp

d until

IMPORTANT - The ‘cplo
that |t contains colour
undenstanding its\ cont

cates
rrect
ng a

colour printer.
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SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 3: CISPR technical reports

1 Scope

This Tmem#mmmwwmmund
and suipporting information for the various other standards and technical feports i PR 16
series| In addition, background information is provided on the history | as a
historical reference on the measurement of interference power frog similar
appliances in the VHF range (Clause 5).

Over [the years, CISPR prepared a number of recommendati ) S have
significant technical merit but were not generally availapfe. ations
were flor some time published in CISPR 7 and CISPR 8

At its |[meeting in Campinas, Brazil, in 1988, CISPR i ble of
contents of Part 3, and to publish the reports fq siefi iving the reports a permanent
place jn Part 3.

With the reorganization of CISPR 16 in-2 e significance of CISPR limits material was
moveq i blaints
and on the report on the determination\of | ed to CISPR 16-4-4. The contgnts of
Amen@ment 1 (2002) of .

NOTE |As a consolidated bls that
have differing meanings fra extent
possibl¢ at the time'

2 Nprmative r

The following/refere nents are indispensable for the application of this docyment.
For dgted referencesyonly the edition cited applies. For undated references, the latest ¢dition
of the(refér c Qcument (including any amendments) applies.

CISPR 11:2009 Indu trial, scientific and medical equipment — Radio-frequency distunbance
charagteristics —

CISPR16-1-1_ Specification for radio disturbance and immlmify mpneuring apparatids and

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

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

IEC 60050-300:2001, International Electrotechnical Vocabulary (IEV) — Electrical and
electronic measurements and measuring instruments — Part 311: General terms relating to
measurements — Part 312: General terms relating to electrical measurements — Part 313:
Types of electrical measuring instruments — Part 314: Specific terms according to the type of
instrument

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

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-161,
IEC 60050-300, ISO/IEC Guide 99, as well as the following apply.

NOTE While the symbol U is commonly used in CISPR publications to represent uncertainty, in this technical
report the symbols U and V are used interchangeably to represent “voltage” in order to accommodate the legacy
diagrams contained herein.

3.11

asymmmetric voltage
radio-frequency disturbance voltage appearing between the electrical mid-poi mains
terminals and earth. It is sometimes called the common-mode voltageg i vector
sum of V, and Vy, i.e. (V4 + V)2

NOTE |V, is the vector voltage between one of the mains terminals and voltage

betweep the other mains terminal and earth.

3.1.2
bandwidth
Bl’l
width [of the overall selectivity curve of the
attenuation, below the mid-band response

h%ves the maximum and the minimum [meter
ats\the reqtlifements of CISPR 16-1-1

wO points at a |stated

NOTE |The bandwidth is represented by the sy attenuation in decibels.

3.1.3
CISPR indicating range
range| specified by the
indicati ithi [

3.14

electr|

Tc

time n Q application of a constant sine-wave voltage to the|stage
immedi edi C ¢ detector for the output voltage of the detector to|reach
63 %

NOTE Y g is getermined as follows. A sine-wave signal of constant amplitude and hpving a
frequen § id-band frequency of the IF amplifier is applied to the input of the stage immgpdiately
precedi ¢ indication o455 Of an instrument having no inertia (for example, a cathpde-ray

oscilloslcope) conng ted to\a terminal in the d.c. amplifier circuit so as not to affect the behaviour of the detgctor, is
noted. The level-of thexsighal is chosen such that the response of the stages concerned remains within the linear
operatifg range. A sine-wave signal of this level, applied for a limited time only and having a wave [rain of
rectanguiar envelope is gated such that the deflection registered is 0,63« . The duration of this signal is ¢qual to

FH £ 4 + +
the chakge-tirme-ofthe—detector

3.1.5

electrical discharge time constant

Ip

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.
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3.1.6
impulse bandwidth
Fime 0
At max
imp = 1
'mp 2GO XAimp ( )
where
is the peak of the envelope at the IF output of the receiver with an impulse
A()max area 4,.,, applied at the receiver input;
imp ,

Gy is the gain of the circuit at the centre frequency;
speciffeaty—fortwo-criticatycouplodtuned-transformers;

Bimp =105x Bg =131x B3 (2)
where[ Bg and B; are respectively the bandwidths at the —6d (see
CISPR 16-1-1 for further information)

3.1.7
impulpe area (sometimes called impulse strength)
Aimp ) ) )
voltage-time area of a pulse defined by the integral:

(3)
NOTE S 0 Hz or dB(uV)/MHz. For recfangular
impulse , the \eelativpship D =2 x 106/Aimpapplies becauge D is
calibrat e
3.1.8
mechanical time constan dicating instrument
Ty

(4)
where on of the instrument with all damping removed
NOTE 1 went, the equation of motion of the system may be written as

()
where

o is the deflection;

i is the current through the instrument;

k is a constant.

It can be deduced from this relation that this time constant is also equal to the duration of a rectangular pulse (of
constant amplitude) that produces a deflection equal to 35 % of the steady deflection produced by a continuous
current having the same amplitude as that of the rectangular pulse.

NOTE 2 The methods of measurement and adjustment are deduced from one of the following:
a) The period of free oscillation having been adjusted to 2nT7,,, damping is added so that oy = 0,35 o,

b) When the period of oscillation cannot be measured, the damping is adjusted to be just below critical such that
the over-swing is not greater than 5 % and the moment of inertia of the movement is such that a7y = 0,35 o ..
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3.1.9
overload factor

ratio of the level that corresponds to the range of practical linear function of a circuit (or a

group of circuits) to the level that corresponds to full-scale deflection of the ind
instrument

icating

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

3.1.10
symmetric voltage

radio-frequency disturbance voltage appearing between the wires of a two-wire circuit, such

as a sfngfe-phase mains supply

NOTE |[Symmetric voltage is sometimes called the differential mode voltage and is the ence Qetween

Vy,and y,, i.e. (V, — V). Refer to the NOTE in 3.1.1 for definition of V7, and 7,.

3.1.11
unsymmetric voltage
amplitude of the vector voltage, V', or V},

NOTE |Unsymmetric voltage is the voltage measured by the us€ of am ins Whetwork. Refe

NOTE ip 3.1.1 for definition of Va and V-

3.1.12
weighting (of e.g. impulsive disturbance
pulse-repetition-frequency (PRF) depe
impulde voltage level to an indication
recepfion

NOTE For the analogue regeivey,
(audiblg or visual, usually not a &

NOTE 2 For the digital reqgeive

bit errof ratio (BER) grbit &rror probability (B
objectile and repro g

3.1.121

¥hich perfect error correction can still occur, or by

measurement of di i weighting detector

3.1.12.2
weighti

ction of PRF for a constant effect on a specific radiocommun

system, i.e. the-disturbance is weighted by the radiocommunication system itself

3.1.12.3

to the

tected
radio

fuantity

an objective quantity that may be defined by thdg critical

another

cation

weightimgdetector
detector which provides an agreed weighting function

3.1.12.4
weighting factor
value of the weighting function relative to a reference PRF or relative to the peak value

NOTE Weighting factor is expressed in dB.

3.1.12.5
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

receiver to repeated pulses
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3.2 Abbreviations
ADPCM Adaptive differential pulse ISM Industrial, scientific and medi
code modulation cal
AGC Automatic gain control ITU International
AM Amplitude modulation Telecommunications Union
AMN Artificial mains network LAN Local area network
APD Amplitude probability LISN Line-impedance stabilization
distribution network
BEP Bit error probability LW Long wave
BER Bit error rate MPEG Moving picture expert group
CMAD Common mode absorption MW Medium wave
device MWO
COFDM Coded orthogonal frequency OATS
division multiplex OFDM sion
DAB Digital audio broadcasting
DDC Digital down-conversion PC
DECT Digitally enhanced cordless PHS stem
telephone PRBS
DIF Decimated in frequency
DIT Decimated in time y
DPCH Dedicated physical channel
DPDLH Dedicated physical data
channel Pying
DQPBK Digital QPSK
DRM Digital radio mondiale :
DVB4{T Digital video broadcasting adio frequency
terrestrial oot-mean square
EMC Electromagnetic compatib Ring-shaped area
EMI Electromagnetjc emissions Semi-anechoic chamber
ERP Equivalent radiating power Short-open-load-through
EUT Short-time FFT
FER Short wave
FFT Transverse electromagngdtic
FM TETRA Terrestrial trunked radio
GSM TRL Through-reflect-line
TTE Telephone terminal
GMSK equipment
VNA Vector network analyzer
GTEM W-CDMA Wideband code division
IF multiple access
ILS
4 Technicalkrepokts
4.1 Correlation between measurements made with apparatus having characteristics
apparatus
411 General

CISPR standards for instrumentation and methods of measurement have been established to
provide a common basis for controlling radio interference from electrical and electronic
equipment in international trade.

The basis for establishing limits is that of providing a reasonably good correlation between

measured values of the

interference and the degradation it produces in a given

communications system. The acceptable value of signal-to-noise ratio in any given communi-
cation system is a function of its parameters, including bandwidth, type of modulation, and
other design factors. As a consequence, various types of measurements are used in the
laboratory in research and development work in order to carry out the required investigations.
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The purpose of this subclause is to analyse the dependence of the measured values on the
parameters of the measuring equipment and on the waveform of the measured interference.

4.1.2 Critical interference-measuring instrument parameters

The most critical factors in determining the response of an instrument for measuring
interference are the following: the bandwidth, the detector, and the type of interference being
measured. Considered to be of secondary importance, but, nevertheless, quite significant in
correlating instruments under particular circumstances, are: overload factor, AGC design (if
used), image and other spurious responses, and meter time constant and damping.

noise:
bn the
of the

=nt for

all three types of interference. If the waveform being s ing any
of the|three types listed in Table 1, and if a standard sp S p eform,
then by using the substitution method, a sati y dali S i Dr any
instrument with adequate overload faefor indep i width. , Wi purely
random interference or a purely imp i ibration
can b¢ made using a corresponding sowxce, 9 facCtor calculated on the basis of
knowr] circuit parameters.

If a pgrticular interferencg” w OTM_i Of%\ edi types,
then the correction or correlati il also Beintermediate. In any given case, it will be
necespary to classify t i ch @ manner that a significant correlation|factor
can b¢ established. an 6 op this subject to any significant extent, it ill be
necespary to ex ypi sogdrces and to determine the extent to which they

are of|impulsive,

If an
peak, the"type of interference can be assessed by measuripg the
ratios - ¥ith these detectors. These ratios will, of course, depend upon
the bandyric t er gharacteristics of the instrument being used for the measuremepnt.
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Table 1 — Comparative response of slideback peak, quasi-peak and average detectors
to sine wave, periodic pulse and Gaussian waveform

Detector type
Input waveform Slideback peak Quasi-peak:1/600 Field intensity Rms
(sb) (ap) (average)
CW sine wave e e e e
Periodic pulse (no 1,41 J Af; 1,41 0 Af;  P() 1,41 6 fpr
overlap) ‘mp imp 1,41 6 || foe Moo
Random - [
1,85 \JAfL E 0,88 Af E A E
Key
e s the rms value of the applied sine wave.
P(e) |s given in Figure 2.
E s spectral strength in rms V/Hz bandwidth.
o s impulse strength. It is assumed the instrument is calibrated in terms ve. It is
bssumed that characteristics of the envelope are measured by thed
Afimp s the impulse bandwidth.
Afin s the random noise bandwidth.
JSer s the pulse repetition frequency. /\< z@
r T T T 7 7 1717 T T T N T RT T — ¢ T 1 FrT1rrT T T T LR R
10' |2 3 4 5678910° 2 3 4/5 6789 \3 4 5678910° 2 3 449678910°
! 1 | ™ 2
- I s
| Peak {gc;‘:ggns \ < ><><" L
0 =1 —
& \L/XK \‘) \\) // //
» vashoealt Tc \ms/ LA 1/
é>< tp =830 ms » o /
N
/ R LA ‘//
A
1
™
ST RMS P
W (] e
= / Average value
[herm eastiing devi the i.f. +
— butput p3
pd "’
” T
7
-7 Indication of the interference indicator for
L - ” pulses with variable repetition frequency
//
4”
/’ ’
/’
r'd
e

Pulse repetition frequency (Hz)

IEC 784/2000

Figure 1 — Relative response of various detectors to impulse interference
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4.1.3 Impulse interference — correlation factors

The quasi-peak detector response of any interference measuring set to regularly repeated
impulses of uniform amplitude can be determined by the use of the "pulse response curve"
which is shown in Figure 2. This figure shows the response of the detector in percentage of
peak response for any given bandwidth and value of charge resistance and discharge
resistance. Applying this curve, it should be noted that the peak itself is dependent upon the
bandwidth, so that as the bandwidth increases, the peak value increases, but the percentage
of peak, which is read by the detector, decreases; over a narrow range of bandwidth, these
effects tend to counteract each other. The bandwidth used in this curve is the 6 dB bandwidth,
which for the passband characteristics typical of most interference measuring equipment, is
about 5 % less than the so-called impulse bandwidth. A theoretical comparison of instruments

having various bandwidths and detecior parameiers with the CISPR insifument is shown in
Figurg 3.

The re ing of
an av tector
stages . 3ses\the reading
obtain value
unless a few
hundr z, the
avera ow to
measyre with any degree of precision. Furthermorg s, the
anno his, of

cours

P(c)
1,0

0.8

o

0,4

0,2 x

107 10 10 10 10" @
(AL
_ \IL[\CL\I /
a= —S— 7
(Ry/pR)
Key
R, charging resistance, in Q
Ry discharging resistance, in Q

AF 6 dB bandwidth, in Hz

Jer pulse repetition frequency, in Hz

Figure 2 — Pulse rectification coefficient P(a)
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Figure 3 — Pulse repetition frequency
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4.1.4 Random noise

The response of a noise meter to random noise is proportional to the square root of the
bandwidth. This result is independent of the type of detector used. The ratio of the random
noise bandwidth to the 3-dB bandwidth is a function of the type of filter circuit. On the other
hand, it has been shown that for many circuits typical of those used in interference measuring
equipment, a value of about 1,04 for the ratio of effective random noise bandwidth to the 3 dB
bandwidth is a reasonable figure.

4.1.5 The root mean square (rms) detector

One of the advantages of the rms detector in correlation work is that for broadband noise the

outpuf obtained from it will be proportional to the square root of the bandw noise
power| is directly proportional to the bandwidth. This feature makegs tector
particllarly desirable and is one of the main reasons for adopting the r, ctorNto measure
atmospheric noise. Another advantage is that the rms detector make of the
noise |power produced by different sources, for example, impulsiv noise,
thus for instance allowing a high degree of background noise.

The rms values of noise often give a good assessment ofdhe subjecii ct of interfgrence
to AM| sound and television reception. However, the ye when
using |very wide-band instruments for measuring A f rms
detectors to narrow-band instruments.

4.1.6 Discussion

The pfeceding paragraphs have indicate& e i s for comparing measuregments
obtained with different instruments. ione iously, the possibility of establishing
signififant correlation factors depends\upo it 0 which noise can be classifigd and
identiffed so that the pro i may be used. In many frequency ranges,
impulgive interference Qst seridus; however, for power lines where ¢orona
interfdrence is the pr g 3 interference would be expected to be|l more

charagteristic. Addijtional qlaniitative a are needed on typical interference charactefistics.
Another importa p i S

4.1.7
4.1.7.

The npise~generated oy xomrettator motors is usually a combination of impulse and random
noise.| Th \ Qise originates in the varying brush contact resistance, while the impulse
noise fle switching action at the commutator bars. For optimum adjugtment
of commutation; pulse noise can be minimized. However, where variable loading is
possiljle, measureme&nts have confirmed that for the peak and quasi-peak detectors, the
dominpnt noise is of impulse type and the random component may be neglected. Whijle the
repetiion’rate may be of the order of 4 kHz the effective rate is lower because the amplitude
of the impulses is usually modulated at twice the line frequency. Hence, experimental results
have shown that quasi-peak readings are consistent with bandwidth variations if the repetition
rate of the impulse is assumed to be twice the line frequency.

Peak measurements show fluctuating levels on such noise because of the irregular nature of
the commutator switching action.

The quasi-peak to average ratio is lower than would be obtained for pure impulse noise for
two reasons:

1) the modulation of the commutator switching transients by line frequency produces many
pulses below the measured quasi-peak level. These pulses do not contribute to the quasi-
peak value but do contribute to the average.
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2) the relatively low level, but continuous, random noise can likewise contribute substantially
only to the average value. Experimental values of quasi-peak to average ratio ranged from
13 dB to 23 dB with the highest ratios for the widest bandwidths (120 kHz).

4.1.7.2 Impulsive sources

Tests on an ignition model, commutator motor appliances, and appliances using vibrating
regulators showed reasonable agreement on instruments with the same nominal bandwidth,
but with time constant ratios of the order of 3:1 on restricted portions of the output indicator
scale. Deviations at higher scale values are without explanation. Relatively poor correlation
was obtained on sources producing very low repetition rate pulses.

4.1.7.3 Ignition interference
“CISPR Recommendation 35” recognizes that correlation between/q and| peak
detectors can be established as a practical matter. The converdo dB is
explaiped partly on the basis of theory for uniform repeated |mpuls basis
of thelactual irregularity of the amplitude and wave shape of sug
NOTE [“CISPR Recommendation 35”, from CISPR 7:1969, Recommendgations
referenge:
“ RECOMMENDATION
THE CORRELATION BETWEEN PEAK AND QUASI-PEAK ME EMENTS
IGNITION SYS7
(This RecommendationCloses St d Qu tion No. f 1961y
The C.I.S.P.R,,
JONSIDERING
that for the measurement of interference from the ignit ystemms ofinterpal combustion engines there will, in
gengral, be two types of detectg d qak;
RECOMMENDS
that]
Sys
meg
for
me
rev,
4.1.7 .4
Comp idths of
90 kHg urces,
the value i i . This fi i i i bncept
that th i bnents
are pr
4.1.8 Conclusions

Analysis of data comparing the responses of various instruments shows that, in almost every
case, it is possible to explain the differences in measured values on the basis of theoretical
and practical considerations. In many instances, it is indicated that waveform characteristics
are known to predict correlation factors adequately with an accuracy of 2 dB to 4 dB.

Further studies are needed:

a) to characterize in some detail the waveforms of various sources of interference, and

b) to correlate these waveform characteristics with measured values and the instrument
parameters.
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4.2 Interference simulators
4.2.1 General

Interference simulators can be used for various applications, in particular to study signal
processing in systems and equipment in the presence of interference (for example,
overloading of receivers, synchronization of TV receivers, error rate of data signals, etc.) and
for assessment of the annoyance caused by disturbances in broadcast and communication
services.

A simulator should produce a stable and reproducible output signal, which requirement is
normally not fulfiled by an actual interference source, and the simulator output waveform
should show a good resemblance to the actual interference signal.

4.2.2 Types of interference signals

The fdllowing interference sources can be simulated.

a) Ngrrowband interference sources generating sine-wave §i ceiver
osfillators and ISM equipment. An appropriate RF stagdard_s| 2 used
to [simulate these sources. i i > 9 3 Z ltage,
which can be simulated by modulating the RF signalN\with mains
signal.

b) Brpadband interference sources p oducm i oadband noise, for example,
gapeous discharges and corona. ‘ a noise
sojrce (saturated vacuum tube dinde, i tube followed by a stlitable
brpadband amplifier) can be used. ing-f this type, mains modulation is
present, but because of the non-lifnea - gaseous discharges the envelppe of

the¢ actual noise signal mv'the normal full-wave rectified |mains
wgveform. In this case ulator at a repetition frequency of twice
the mains frequency car yi J cQrrespofdence with the actual interference signal.

c) Thiyristor controlled preg ' ontrol generate narrow pulses of constant
amplitude in aMR 2 itioh frequency equal to twice the mains frequency.
Standard pu gens i arrQw gutput pulses (107 s to 10-9 s width) of the| same

repetition frequéep S asily simulate these sources.

d) Ignition syste mechanieal co acts and commutator motors generate short pleriods
(buirsts) of.guasi- c . This type of noise is caused by very short pulses of
rexular gr irregy at random time intervals; if the average interval bdtween
adjac 'the reciprocal of the channel bandwidth under test (z,, « 1/B),
thd » Xtap, and because of the random phase conditions, a random fluctuating
oufput si i gsults. Therefore, bursts of quasi-impulsive interference of this type
caph be sim a gated broadband noise signal.

The duration and the repetition frequency of the bursts depend on the type of interf¢rence
source (se€e 4.2.3, Table 2). T

Ignition interference is characterized by burst durations between 20 ps and 200 ps and
repetition frequencies between 30 bursts/s and 300 bursts/s depending on the number of
cylinders and revolutions/min of the engine.

Mechanical contacts produce bursts (clicks) which can vary between some milliseconds
(snap-off switches) and more than 200 ms. In the case of a contact device in a mains-fed
circuit, the noise during the burst is modulated with the full-wave rectified mains voltage.

Commutator motors produce much shorter bursts with durations between 20 us and 200 us at
repetition frequencies between 103 bursts/s and 104 bursts/s, depending on the number of
commutator bars and revolutions per minute of the rotor. Also in this case, the mains supply
causes a similar envelope modulation of the noise bursts.
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4.2.3 Circuits for simulating broadband interference

Simulators of this type should generate gated noise bursts with or without mains modulation
according to the characteristics specified in Table 2. Figure 4 shows a straightforward design
with a noise source followed by an appropriate amplifier of 70 dB to 80 dB gain, a gating
circuit to simulate the bursts, a mains envelope modulator and an output attenuator to adjust
the required output level.

Table 2 — Characteristics of gate generator and modulator
to simulate various types of broadband interference

Simulator signal Burst duration Burst repetition frequency Mains modulation @
Gaseous discharge Continuous /\Yes/no b
Ignition 20 ps to 200 ps 30 bursts/s to 300 bursts/s/| \ N \w)

Switchds 5 ms to 500 ms 0,2 bursts/min to es/n
30 bursts/min, or sing

Commutator motors 30 ps to 300 us 103 bursts/s to 10<bu§tsk \ Y}slno
\

2  Depending on a.c. or d.c. supply.

b In the case of mains modulation, gating at a repetition frequency-2fyinsand gate Wi of1 ms to 2 ms|may be
morg appropriate.

The disadvantage of this layout is that a wijde range requires a |broad
bandwidth for the entire circuit betwsé is terminal. The most ¢ritical
part in this respect is the high-gain am a wide frequency range (for
example, 0 MHz to 1 000 MHz) such ag-+a ¢ split up in several smaller ranges or a
tunable amplifier may be used. Such i s i s the construction of the simulator
apprecgiably.

Another way to produck - id d-RQise sjgnal is given in the diagram of Figurg 5. In
this design, nanoseco ’ i , , step
recovery diode j }ndom
time iptervals a annel
under|test in order ¢ y : v erage
repetilion rates of/A\fe egahertz are required for measurements in a TV channel of at least
100 kiHz for measure ¥ channel and of at least 10 kHz in an AM channgl. The
random occ 9 ger pulses is obtained from the zero crossings of a broadband
signal } C put of a noise source is fed to an appropriate amplifier which is

followgd/by~a gatiag CIrCIt for burst simulation. The gated noise signal is fed to a bistable
multiv]brater ich\convests the zero crossings into pulses of random varying width from
which pulses at random distances are generated by the mongstable
multiv|bratot.

The aglvantage of this system over the circuit of Figure 4 is that the usable frequency range is
determined by the output pulses of the step-recovery diode only. An example of such a circuit
is given in Figure 6, in which circuit output pulses are generated by the step recovery diode
HP0102, the pulse width is determined by the length of a short-circuited coaxial cable L.
Ringing effects are suppressed by the fast switch diode HP2301, and mains modulation can
be effected simply by modulating the supply voltage of the step recovery diode with a full-
wave rectified mains voltage. Pulses of 1 ns duration and 5V amplitude are generated and
offer an output spectrum flat to about 500 MHz. Such a single pulse causes a 50 mV pulse in
a TV channel and a 1 mV pulse in an FM channel; overlapping pulses add up, and the peak
and quasi-peak value of the resulting signal is considerably higher.

The bandwidth of the preceding stages which generate the trigger signal (noise source,
amplifier and gating circuit) should be sufficient for the required pulse repetition rate, so for
measurements in a TV channel a bandwidth of 5 MHz to 10 MHz is quite satisfactory.
Moreover, the linearity of these stages is not critical because only the position of the zero
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crossings is important. The multivibrators have to generate steep pulses of short duration
(about 0,1 us) to drive the step-recovery diode.

In summary, the circuit according to Figure 4 is very useful for broadband interference
simulators to be operated in a limited frequency range, whereas the circuit of Figure 5 is more
suitable for simulators intended for wideband use.

@C@
S
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Figure 4 — Block diagram and waveforms of a simulator generating noise bursts
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Figure 5 — Block diagram of a simulator generating noise bursts

according to the pulse principle
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s of a typical output stage
4.3 q or open-area test site and the reverberation
4.3.1
At preg | > wpifs for use with the open-area test site method of measunement
specif i eral CISPR publications. For equipment that can be measured using the

reverljeration chambetr method, a procedure is required to relate the limit to be used with that
of the|openh-area test site (OATS) limit. The procedure is described in this subclause.

4.3.2 Correlation between measurement results of the reverberation chamber and
OATS

The OATS measurement sets out to find the maximum level of radiation of an EUT (equipment
under test). Whether the measurement is of the field strength or of power density at the
measurement antenna, or of the power into an antenna in substitution of an EUT, the
measured results can be expressed in terms of the equivalent radiated power from a half-
wave dipole. Let this equivalent radiated power be Py in dB(pW).

The reverberation chamber measures the total radiated power of the EUT. Let the measured
power be P, in dB(pW).
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The two measurements are related to each other by the gain of the EUT as a radiator with
respect to an isotropic radiator. Let this EUT gain be G in dB. The relationship is given by
Equation (6). The equation is derived in Annex A.

4.3.3

R+G=F+2

Limits for use with the reverberation chamber method

(6)

Consider the case of an EUT which is exactly on the limit, L,, when measured in the open
area test site, i.e. Pq = Ly,

This B
reverh

From

all EU
say L,
easier

Itis n
Py. Fig
for ne
locate
of the

An ex
Py It g

—  forn

— md

Based
OATS
ability

4.3.4

The p

UT should also be exacily on the corresponding nimit, L, when it js_measured
erating chamber, i.e. P, = L,.

Equation (6), we can relate the two limits as in Equation (7).

L =L,+2-G

= L, then it is correct only for EUTs with G =
to pass the reverberation chamber limit, apd

bmple is given i

an be seen fhat:

yération chamber appears to be a more effective method
representative of the maximum radiation.

ocedure to determine the reverberation chamber limit is as follows.

in the

(7)

me for
f Ly If
find it

’q and
jion is
ure to
utside

P and

at the

of an
in the

i) Measure a sample of equipment for the maximum radiation on an OATS. Convert the
measured quantities to the equivalent power from a half-wave dipole. Call this quantity Py,
in dB(pW).

ii) Measure the same sample in the reverberating chamber for total radiated power. Call this
quantity Py, in dB(pW).

iii) The relationship between the reverberation chamber limit and the OATS limit can be found
by the graphical method of Figure A.1, or by calculating the gain of each equipment,
obtaining a representative value of G for the equivalent type using statistical methods, and

ap

plying Equation (7).
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4.4 Characterization and classification of the asymmetrical disturbance source
induced in telephone subscriber lines by AM broadcasting transmitters
in the LW, MW and SW bands

4.4.1 General

The use of semiconductor devices in telephone terminal equipment (TTE) has created the

need to verify the immunity to RF fields of this equipment, as non-linear semicon

ductor

devices demodulate the induced RF signals [1], [17], [18], [19], [20].1 The latter effect gives
rise to a d.c. shift which may alter the operating point of such a device, thus, for example,
reducing the noise margin of digital devices. In the case of amplitude-modulated RF fields, the
non-linearity g|ves rise to a baseband S|gnal that may become audlble in the telephony

syste class
of RF{field sources.

Because of the relatively small dimensions of TTE (compared pf the
disturbhance signal) the asymmetrical (common-mode) source induced\i pication
lines Is expected to be the dominant disturbance source. T munity
test (qurrent-injection test) is relevant for this equipment. In this p ignal is
applied via the telecommunication lines. As a consequerice is s se deals with the
charaq i e n lines an@ with
prediction models supplying informat|on about the pfobabi values
will be¢ met in practlce Moreover, gre of relevance when
specifyi ns will
be limjted to parameters relevant at thg’subscribg

In 4. of the
subscfiber lines i.e. the induced asympnetrical 0 F field
strength, and an equivalent re3|stanc Hiction
models are needed in ields and the induced asymmietrical
disturlpances, i.e. 4.4.3, and w 4. es the
view fhat the disturbapsge source {circuit
voltage and a source it

All mgthematical ; ed by
the uger of this s ba are
given

This 3 buried
teleph n|these
invest were
record gmeter
valueg. A statistical approach was needed, because the telephone lines have random routing
in the|buildings and,”consequently, random orientation with respect to the RF field makes for
random.coupling with nearby metal objects, while the buildings cause a random scattefing of
the RFfietds:

It is to be expected that the contents of this subclause will also be applicable to other types of

lines running through buildings in a similar manner to telephone-subscriber lines, for example,

bus-system lines and signal and control lines.

4.4.2 Experimental characterization

4.4.2.1 General

A full description of the experimental characterization is presented in [22] and [23]. Therefore,

this subclause contains only a summary of this method with regard to the parameters ne

1 Figures in square brackets refer to the bibliography.

eded.
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The induced asymmetrical voltage was measured at the outlet of a telephone-subscriber line
using a modified T-network [24] and [25]. As a result of this modification, a voltage U}, could
be measured across a 10 kQ resistor and a voltage U, across a 150 Q resistor. The
investigations showed that U, could be considered as the induced open-circuit voltage. In
practice, the reference for this voltage is generally unknown. During the measurements that
reference was a special metal measuring cart connected via a copper strap to the central
heating system. The equivalent resistance R, of the induced source is estimated from data
pairs {U,,, U}}.

At each location two magnetic-field-strength data of the broadcasting transmitter were
measured usmg a Ioop antenna posmoned in a vertical plane and rotated about |ts vertical

under
irlg at a
signal-
y high
bsults,
A{yput of
vill be
erty of
the supscriber lines measured.
4.4.2.2 Field strength and building effect
Altho( i i isti cri i i igin [of the
inducg >
a) Th i o ide i i jth H,
ca . e . . o o idn):
(8)
In
NOTE |Althoughsbroas transmitter antennas usually are monopoles (in the frequencies of interest), the half-
wave dipole fopmula in Equation (8) has been used for convenience.
b) Thie effect of the building on the field strength, which can be expressed in a buildingfeffect

parameter 4, defined by:
Ay = Hy — Hj 9)

where H, and H; are in dB(nA/m).

This factor is often called the building attenuation. However, this factor not only depends
on the attenuation properties of the building material itself, but also on the re-radiation
properties of metallic structures in and near the building, and on the height above ground
at which H, and H;, were measured. Therefore the term building effect is used in this
subclause.

A consideration of these two aspects is needed in view of the antenna factors to be discussed
in 4.4.2.3 and in view of the prediction models to be discussed in 4.4.2.4.
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Figure 7 — Scatter plot of the meagured o i A\/m)
versus the calculated outdoor s
The results of H (H,) given in Figurg : arge deviations from H, = I, are
possiljle (solid line), but the A/ (dashed line), hence the meagsured
value fis at most a factor @f 3ig an lculated from Equation (8). The largest
deviatjons concern datg $ understandable, because SW transmitters

normglly have a beamed hereas the antenna patterns of the LW arjd MW
transnpitters are 3 i igure 7 b) gives the scatter plot H (H) after
rejection of the an

smittekdata
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) Scatter plot of the measured outddox magn€ ing-effect
tEleld strength H, normalized to the & 3
e reported power [26] versus the dista
the transmitter
Figurd 8 a) shows the ratio”F S e distance between the point of observatign and
the transmﬂter,’ < icates a slope —1. It can be concluded tgat, on
average, the data i opeNairly well. The associated intercept is higher than that
expecIed from Eq w hi vagreement with the (H, + 10) dBuA/m limit obgerved
in Figdire 7.
Figurg probability plot of all building-effect data. If these datg were
normgll a straight line would have resulted. This is not the case, and the¢ data
suggept S der approximation, two distributions are superimposed. THe two
distributions when distinguishing between data associated with bulldings
constructed._fro and/or wood (B/W) and data associated with buildings constructed
from reinforced concrete (C). The normal probability plots of these distributions are given in
Figurg 9<{a) and 9 b). The negative values of 4, predomlnantly stem from measurgments
where asured

at about 1,5 m above ground level outside the building. Effects of re- rad|at|on also influence
the actual fleld -strength data.
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Figure 9 — Normal probabili buil in@ffec parameter 4, dB
The npmerical results have been summaxi i . lear frequency dependepce of
the 4,| data could be observed (see 4.4.2.5).
Table 3 WY\M\ ng-effect, A4, analysis
Building material Ayexage Sta Miation Median Number of data
dB dB
Brjck andior wbed > [ 188 4,0 1,0 138
Rqinforced concrete! | \"20:6 N 87 20,1 84
4.4.2.3 The\asy en-circuit voltage normalized to the field strength
4.4.2.3.
The interface the yoltage measurements was the outlet to which the telephone s¢t was
connefcted~during measurements. The investigations showed that the influence ¢n the
measyred voltages of the telephone set and its standard lead (4 m long) could be neglegted.

The measured voltage will be normalized to the measured magnetic field strength in 4.4.2.3.2,
and assuming far-field conditions, to the electric field strength in 4.4.2.3.3. After that,
4.4.2.3.4 deals with truncation of the distributions found in 4.4.2.3.2 and 4.4.2.3.3.
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4.4.2.83.2 G factors

To oftain an antenn Uy is
normdlized to the field | by
Gi,o = 10)

where

Hiyo, isin pA/m.

Figure 10 a) shows the scatter plot G;(G,) using all data. The plot suggests that there is one
dominant "cloud" of data with a limited scattering and a second "cloud" with much more
scattering. Further investigation revealed that the first cloud stems from data measured in
buildings constructed from brick and/or wood, see Figure 10 b), while the other cloud is
associated with buildings constructed (predominantly) from reinforced concrete.
Consequently, the building effect discussed in 4.4.2.2 is of importance.

The normal probability plots of G; dB(Q2m) and G, dB(Q2m) associated with the two types of
building material considered, are given in Figure 11. It can be concluded that the data follow a
normal distribution, which means lognormal distributions of the G factors in Qm. The
numerical results have been summarized in Table 4, where G, and G are the upper and
lower limit of the range of experimental G data (see 4.4.2.3.4). The differences between G;
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and G, of the two classes of building material considered are consistent with the building-
effect data for these buildings (see Table 3). No clear frequency dependence could be
observed (see 4.4.2.5).
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Figure 11 — Normal probability plots of the antenna factors
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Table 4 —- Summary of results of G-factor analysis

G factor Building Average Standard Median Number of data
material deviation points
dB(Qm) dB dB(Qm)
G B/W 47,3 11,2 47,5 135
G C 45,9 10,5 46,5 88
Gy B/W 45,8 10,6 46,4 134
Gy C 26,5 10,9 26,0 90

4.4.2.83.3 L factors

In 4.4.2.3.2, U, was normalized to the measured magnetic field stre
G factprs. Assuming far-field conditions, the electric field strength f

ing the

o With

Zy= P77 Q. If the outdoor field strength is considered, this to be
reasomable and the G, factor can be converted into an L factoy’def
G U U
Ly = —0 _ h _*~h 11)
Zy HoZy Eq
where| Uy, is in uV and E, is in pV/m.
The L|factor can be considered as the effectiveNe Kpor’ e e height of the subscribr line
acting|as an antenna. The results for umarized in Table 5, where Ly and L
are the upper and lower limit of the range me factors (see 4.4.2.3.4).
tors (far-field)
N
L flactor Bui|din verage® Standard Ly L,
aterial deviation
dBlRy) dB dB(m) dB()

L, "B NN 10,6 18,0 -35[0

L, < \e 25,0 10,9 3,0 550
2 Note fhat dB(gy)"reQr to\(BMh r}s.qect to 1 m.
In thelli actox of —3,0 dB(m) average (standard deviation 10 dB, number qf data
points| = 1 rted [27] for a cable running 1 300 m underground and 1 00P m to
3 000|m overhead (aerial cable) towards the subscriber. Broadcasting frequencies| were
594 kiHz and. 1 24 z. No details were given about the field-strength measurements, the
reference for the asymmetrical voltage and the properties of the building material. The fesults
reportedein [27] are in line with the results for L, (B/W), as given in Table 5. However] more

recent investigations by the same team [29] indicate an average L-factor of 0 dB(m).

L, factors might be derived from the G; factors in a similar way as the L, factors. However, it is
to be expected that inside the buildings the far-field conditions are not satisfied and it has to
be decided which wave impedance has to be taken. Therefore, no L; data have been
presented in Table 5. See also NOTE 2 at the end of 4.4.4.2.

4.4.2.3.4 Truncation

In 4.4.2.3.2 it was concluded that the distribution f{G) of the G factors (antenna factors) is
lognormal or in mathematical form
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(12)

However, by adopting this lognormal distribution it is automatically assumed that a G factor
may range from zero to infinitely large. In practice, infinitely large will never occur as
wavelength effects and effects of coupling with nearby structures create an upper limit (G or
L) of the antenna factors [28]. Consequently, for correct use in the prediction models (4.4.3
and 4.4.4) f(G) has to be truncated. Similarly, truncation has to be applied to the distribution

of the building-effect parameters.
Unfor ; L) of
an acfjual telephone-subscriber line taking into account the length and t a line
inside|the building and, buried, outside the building. However, it has tobg dythatt such
a limit|exists and the best approach is to use the experimental upper h
In addition to the upper limit, one may also consider a lower li e flG)
at the|lower end. It is found that in the range of parameter va 4.4.3
and 414.4, the influence of G| (or L|) is negligible.
The truncated probability density function reads

G)dG

A6 = LN )
(GG
Js

The mathematical form of nex E.
Table [6 summarizes the er Ay.
Note that or differs v L oo Or
-0 < 4], (dB) <  beca —0,5. The upper and lower limit in dB(m) of

the L
in dB(

factor ran are
(Om). @

;y of truncation parameters of f{G)

51,5 dB(Q) from the corresponding G flactors

G falctor /\BQE& G, F(Gy) F(G) e
o mateig) dB(em) F(dpy) F(Ap) o,
Q (a8)
i BIW , 11,5 0,480 5 0,499 3 1,d21
4 R 78,5 20,5 0,498 5 0,492 2 1,doo
d, B/IW 69,5 16,5 0,487 3 0,497 1 1,416
G, c 54,5 3,5 0,495 0 0,497 1 1,008
A, B/IW 12,0 ~10,0 0,495 3 0,498 1 1,007
Ay c 41,0 2,0 0,490 5 0,483 7 1,026

4.4.2.4 The equivalent asymmetrical-source resistance

The equivalent resistance of the induced asymmetrical source can be determined from data
pairs {U,,, U}, where U, is the open-circuit voltage and U, the voltage measured across 150 Q,

using the simple relation:



https://iecnorm.com/api/?name=3f95fd60554b8f889ac02e1d02a6059e

TR CISPR 16-3 © IEC:2010(E) —-43 -

Uy -U
R, =%15o Q) (14)

The normal probability plot of R, dB(Q2) is given in Figure 12. It can be concluded that
R, in dB(Q) follows a normal distribution and, hence, R, in Q follows a lognormal distribution.
The numerical results have been summarized in Table 7. The average value found is close to
the value 150 Q used in existing immunity tests [24], [14]. In Table 7, R,, and R, are the
upper and lower limit of the range of experimental R, data. The relatively large and small
values of R,, and R, compared to the average value of R, stem from resonances and anti-
resonances in the common mode circuit of the subscriber line. No clear frequency
depengenee v 4— i he—buHereg—raterial
was opserved.

Table 7 — Summary