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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 3: CISPR technical reports
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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization.comprising
all national electrotechnical committees (IEC National Committees). The obj is to prom te

international co-operation on all questions concerning standardization in the ele To
this end and in addition to other activities, IEC publishes International Standarg Wi € ificatio s,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a ittee’interested
in the subject dealt with may participate in this preparatory work. ioh 3 n-
governmental organizations liaising with the IEC also participate in thi bly

with the International Organization for Standardization (ISO) in &dccorda fith. iti i by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matte possible, an internatiofal
consensus of opinion on the relevant subjects since eac } as representation from [all
interested IEC National Committees.

al
EC

Independent certification bodies provide conformiity
marks of conformity. IEC is not responsible for any

employees, servants or agents including individual experts and
EC National Committees for any personal injury, property damage|or
v whether direct or indirect, or for costs (including legal fees) and
the) publication, use of, or reliance upon, this IEC Publication or any other IEC
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Attention is to the possibility that some of the elements of this IEC Publication may be the subject|of
patent rights. {E€ shall yot be held responsible for identifying any or all such patent rights.

e mainxtask of IEC technical committees is to prepare International Standards. However,| a
hnical-committee may propose the publication of a technical report when it has collectg¢d

ta of a different kind from that which is normally published as an International Standard, flor

example "state of the art "
b Ll

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.
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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.

Allist of all parts of the CISPR 16 series can be found, under the general title Specificationfor
radio disturbance and immunity measuring apparatus and methods, on the |EC website

stability date indicated on the IEC web site under "http

T}e committee has decided that the contents of this publication
lated to the specific publication. At this date, the publication

* | reconfirmed,

* | withdrawn,

* | replaced by a revised edition, or
* | amended.

Albilingual version of this publication may be\Ng

IMPORTANT - The ‘cplo
that it contains colour
understanding its\ cont

XL
Wer page of this publication indicate
idered to be useful for the corre

shauld therefore print this document using

oS

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

Part 3: CISPR technical reports

1 Scope

This part of CISPR 16 is a collection of technical reports (Clause 4) that serve as background
and supporting information for the various other standards and technical feports in CISPR 16
sgries. In addition, background information is provided on the history
higtorical reference on the measurement of interference power fro and similar
appliances in the VHF range (Clause 5).

Oyer the years, CISPR prepared a number of recommendati ) ]
significant technical merit but were not generally availapfe. NS
were for some time published in CISPR 7 and CISPR 8.

Af{ its meeting in Campinas, Brazil, 2 of
cqntents of Part 3, and to publish the reports fq sieti iving the reports a permanent
place in Part 3.

With the reorganization of CISPR 16 in-2 ; ifi imi i 5
mpved to CISPR 16-4-3, whereas regom i isti i ints
and on the report on the determination\of | 3 e MoX -4-4, of

NQTE As a consolidated

hajve differing meanings fra
possible at the time'

2| Normativer

at
nt

TIe following/re nents are indispensable for the application of this document
For dated referencesy'only the edition cited applies. For undated references, the latest editipn
of{ the refér acumext (including any amendments) applies

C|SPR\16-1-1, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1-1: Radio disturbance and immunity measuring apparatus — Measurifg

£
appearatts

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.

3.1
asymmetric voltage
radio-frequency disturbance voltage appearing between the electrical mid-point_of .the’ maips

terminals and earth. It is sometimes called the common-mode voltageg the vector

sym of V, and Vy, i.e. (V4 + V)2

NOTE 7, is the vector voltage between one of the mains terminals and 2 i e\vector voltage
between the other mains terminal and earth.

3.01.2

bandwidth

B

width of the overall selectivity curve of the wO points at a stated

attenuation, below the mid-band response

h%ves

NQTE The bandwidth is represented by the sy attenuation in decibels.

30.3
C|ISPR indicating range
range specified by the

phe maximum and the minimum meter

infications within which the ats\the reqllifements of CISPR 16-1-1

3./1.4

electrical char

I'q

time needed after a application of a constant sine-wave voltage to the stage
immediately precedi C ¢ detector for the output voltage of the detector to reagh

63 % of its fi

NQPTE This time\constant is Yetermined as follows. A sine-wave signal of constant amplitude and having| a
frgquency esg id-band frequency of the IF amplifier is applied to the input of the stage immediat¢ly
preceding the d idication o455 Of an instrument having no inertia (for example, a cathode-fay
osfcilloscope) conne ted to\a terminal in the d.c. amplifier circuit so as not to affect the behaviour of the detector/is
noted. The level’of thexsighal is chosen such that the response of the stages concerned remains within the lingar
operating range. A sine-wave signal of this level, applied for a limited time only and having a wave train|of
regtangularenvelope is gated such that the deflection registered is 0,63« . The duration of this signal is equal|to
th¢ chargé time of the detector.

345

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
Bimp
o A(t)max
imp 2GO XAimp
where

(1)

is the peak of the envelope at the IF output of the receiver with an impulse

AOmax  area 4imp @pplied at the receiver input;

Gy IS the gdalin or the CIrcult at the centre irequency,

specifically, for two critically coupled tuned transformers,
Bimp = 1,05)(36 = 1,31)(33

where Bg and B; are respectively the bandwidths at the —6d
C|SPR 16-1-1 for further information)

3n.7
in[:ulse area (sometimes called impulse strength)

V( Itage -time area of a pulse defined by the integral:

impulses of pulse duration T at frequencies

N.8

N3 w
=3
o
>
o
3.
o
=
:F
3
o
o
o
S
~*
o
E)

where T| is the pg

NOTE 1

where
& is the deflection;
i is the current through the instrument;
k is a constant.

It canhe deduced from this relation that this time constant is alsa pqunl to the duration of a rnr‘tnngulnr 'nnIQn

(3)

S

(4)

(5)

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 2nT,,, damping is added so that oqy = 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 ory = 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 indicating
instrument

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

io-frequency disturbance voltage appearing between the wires of a two-wire circuit, su¢h
a single-phase mains supply

TE Symmetric voltage is sometimes called the differential mode voltage and is the ence betwelen
v and v, i.e. (V, — V). Refer to the NOTE in 3.1.1 for definition of V7, and 7,.

A1
upsymmetric voltage
amplitude of the vector voltage, V', or V',

NQTE Unsymmetric voltage is the voltage measured by the us€ of am ins Whetwork. Refer to the

NQTE in 3.1.1 for definition of Va and V-

3.M1.12
weighting (of e.g. impulsive disturbance
pUlse-repetition-frequency (PRF) depe
impulse voltage level to an indication
rejception

D
o

io

—

NQTE 1 For the analogue regeivex, i

(aydible or visual, usually not a &

y

NQTE 2 For the digital reqgeive

bif error ratio (BER) grbit &rror probability (B
obfective and repro .

3./1.12.1
weighted disturb

measurement of di i weighting detector

an objective quantity that may be defined by the critigal
¥hich perfect error correction can still occur, or by another

weighti
peak voltag
system, i.e. the.disturba

ction of PRF for a constant effect on a specific radiocommunicatipn
nce is weighted by the radiocommunication system itself

3/0.12.3
weighting detector
dgteCtor 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
ER Bit error rate MPEG Moving picture expert group
CMAD Common mode absorption MW Medium wave
device MWO Microwave oven
COFDM Coded orthogonal frequency OATS i
division multiplex OFDM
DAB Digital audio broadcasting
pDC Digital down-conversion PC
DECT Digitally enhanced cordless PHS
telephone PRBS
DIF Decimated in frequency
DIT Decimated in time
DPCH Dedicated physical channel
DPDCH Dedicated physical data
channel
DQPSK Digital QPSK

PRM Digital radio mondiale :

DVB-T Digital video broadcasting adio frequency
terrestrial oot-mean square

EMC Electromagnetic compatih Ring-shaped area

EM | Electromagnetjc emissions Semi-anechoic chamber

ERP Equivalent radiating power Short-open-load-through

B
B
B
EUT Short-time FFT
FER Short wave
KFT Transverse electromagnetic
M 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| Technicalwepokts

a1 Correlation between measurements made with apparatus having characteristics
differing from CISPR characteristics and measurements made with CISPR
apparatus

4.1.1 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
used), image and other spurious responses, and meter time constant and damping.

(if

i
o}:
im
th
th
im

For purposes of discussion, reference is made to three fundamental types of radio~noisle:

al ny
of ) hat type of waveform,
th Y ¢ hy
ir;Ftrument with adequate overload fagfor indep i width. Thus, with a purgly
random interference or a purely imp repetition rate, calibratipn
cdn be made using a corresponding solxce, 9 facCtor calculated on the basis [of
known circuit parameters.

If [a particular interferenceg”w OTM_i of%\ iediate type between these three typgs,
then the correction or correlati il\also Bbeintermediate. In any given case, it will be
ngcessary to classify t } ch @ manner that a significant correlation factor
cgn be established. Hence 8 op this subject to any significant extent, it will be
ngcessary to ex typi sogdrces and to determine the extent to which they

the"type of interference can be assessed by measuring t
yith these detectors. These ratios will, of course, depend up

ne
pNn
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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
Rgndom - 1,85 JAf & 0,88 JAf, & NI
Kgy
e is the rms value of the applied sine wave.
P(pr) is given in Figure 2.
E is spectral strength in rms V/Hz bandwidth.
o is impulse strength. It is assumed the instrument is calibrated in terms of the
assumed that characteristics of the envelope are measured by thed
Afmp is the impulse bandwidth.
Afl, is the random noise bandwidth.
Joi is the pulse repetition frequency.
r T T T L Trr 1 T T J
' 2 3 4567 7 8910° 2 3 4/56
! 1 |
t-=10ms \
HEELS {tg =10s
SN
- uasinea
P
Pra
// AN
A /AN
// \ L]
v
™
N >« Ms ///
1
\ | A
[ ——" / Average value
1 Therm eastiyng devi the i.f. 4
T output p3
4 "’
” T
P 7
-7 Indication of the interference indicator for
Ve 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,

w
al
ha
Fi

ar
st
ol
urn
hd
a

Iibil fUI LL;IC pdbbluallul bildldbtclibtibb typlbdi Uf IIIUbt ;IItUIItUIUIIbU |||caami||g Uquiplllcllt,
out 5 % less than the so-called impulse bandwidth. A theoretical comparison of instrumen
ving various bandwidths and detector parameters with the CISPR instpument is shown
gure 3.

measure with any degree of precision. Furthermorg

ar
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P(c)
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107° 10 10 10 10" @
_ (”RCAF)
_ (Ryfpr)
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


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

TR CISPR 16-3 © IEC:2010(E) - 25—

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

Ope of the advantages of the rms detector in correlation work is that for broadband noise-the
output obtained from it will be proportional to the square root of the bandwidth, i.e. the)noi
pgwer is directly proportional to the bandwidth. This feature makegs
particularly desirable and is one of the main reasons for adopting the r,
atmospheric noise. Another advantage is that the rms detector make
ngise power produced by different sources, for example, impulsiv

thus for instance allowing a high degree of background noise.

tol AM sound and television reception. However, the
uging very wide-band instruments for measuring A
detectors to narrow-band instruments.

4.1.6 Discussion

The preceding paragraphs have indicate& S i s for comparing measurements
oltained with different instruments. ione iously, the possibility of establishing
significant correlation factors depends upo it 0 which noise can be classified and

identified so that the pr ma be used. In many frequency rangsgs,
impulsive interference Qst ser| ¥s; however, for power lines where corona
interference is the pr re
characteristic. Add S.
Another importa

a4n.7

41.71 Comyp

The noisg~generated>py gomrn i inati i m
ngise. Th \ r ]
ngise is ge f'e switching action at the commutator bars. For optimum adjustment

pulse noise can be minimized. However, where variable loading |is
pgssible, measurents have confirmed that for the peak and quasi-peak detectors, the
dgminant-noise is of impulse type and the random component may be neglected. While the
rejpetition rate may be of the order of 4 kHz, the effective rate is lower because the amplitude
o] the impulses is usuaIIy modulated at twice the line frequency Hence expenmental resu ts

: n

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 abiainaed-on-colrcoa-nrads H-V- IRV 2Vl P-XVV] v-nnni— Hon rata ~ulonc
o oot et oo OuTrCes Pluuuulllv veTy TOW T ettt urstoT

41.7.3 Ignition interference

“GISPR Recommendation 35” recognizes that correlation between/q i k¢-@and peak
detectors can be established as a practical matter. The converdo 0 dB |is
explained partly on the basis of theory for uniform repeated |mpuls - thbe badis
ofl the actual irregularity of the amplitude and wave shape of sug

NQTE “CISPR Recommendation 35”, from CISPR 7:1969, Recommendations
reference:

(This RecommendationCloses St d Qu tion NO»

@f 1961y

s ofinteriral combustion engines there will, in

igniti yste
d qak;

The C.I.S.P.R,,
CONSIDERING

that for the measurement of interference from th

general, be two types of detectg

RECOMMENDS
that a correlation factor of P <peak measurements of interference from ignition
systems be adopted for fre que ies In 1.S.P.R. Publication 2, i.e. when peak
measurements arefiade imi 3bove the corresponding quasi-peak measurements;
for peak measur ine ed at anhy speed above idling speed but for quasi-peak
measurements the Spéed & e possible to 1 500 rev/min for multi-cylinder engines and 2500

rev/min for single cylind

41.7.4 Dependenc

Comparisons\of mea made in the UK with two instruments having bandwidths |of
90 kHz 3 spectively have been reported to show that for most interference sources,
the values.obtaigediare inthe ratio 14 dB to 18 dB. This figure is consistent with the concelpt
that the interfegenceNs dominated by impulse type noise but that some random components
are present.

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
ngrmally not fulfiled by an actual interference source, and the simulator output waveforqm
should show a good resemblance to the actual interference signal.

4.2.2 Types of interference signals

The following interference sources can be simulated.

a) Narrowband interference sources generating sine-wave §i ivier
oscillators and ISM equipment. An appropriate RF stagdard_signg bd
to simulate these sources. ISM interference is of 9 2 malns voItage,

which can be simulated by modulating the RF signalN\with NS
signal.

b) Broadband interference sources p oducm e,
gaseous discharges and corona. ‘ a ise
source (saturated vacuum tube disede, i tube followed by a suitaljle
broadband amplifier) can be used. ing-f this type, mains modulation|is
present, but because of the non-lifea - gaseous discharges the envelope |of
the actual noise signal mv'the normal full-wave rectified maips
waveform. In this case ulator at a repetition frequency of twigce

amplitude in aM\R | 2 itioh frequency equal to twice the mains frequendy.
Standard pu gené i arrQw gutput pulses (107 s to 10-9 s width) of the same
repetition frequep S asily simulate these sources.

d) Ignition syste echanical co acts and commutator motors generate short periogls
(bursts) of.guasi- c . This type of noise is caused by very short pulses |of

regular qf irregt at random time intervals; if the average interval betwegn
adjacent pulses i 'the reciprocal of the channel bandwidth under test (z,, < 1/B),
the » D, and because of the random phase conditions, a random fluctuating

gsults. Therefore, bursts of quasi-impulsive interference of this type
a gated broadband noise signal.

The duration and the repetition frequency of the bursts depend on the type of interferenge
squrcel(see 4.2.3, Table 2).

Ig IiiiUlI illtUIfclUllbU ib b;ldldbtUIiLUUI lUy IUUIDi u'watiunb IL.)GtVVUUII 20 },LD dllul ZGG },Lb d Id
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-?
G43seous discharge Continuous /\Yes/no b
Ignition 20 ps to 200 ps 30 bursts/s to 300 bursts/s/| \ N \w)

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

Cgmmutator 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-2fy insand gate wi of1 ms to 2 ms may pe
more appropriate.

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

appreciably.

Another way to producp - d R In
thjs design, nanoseco ’ :J0]
recovery diode j m
time intervals a el
under test in order ¢ y z e
rejpetition rates of/A\fe 3 S st
100 kHz for measure ne
rahdom occ 9 hd
signal. For this purpage the 0 is
followed/by~Na gatig-circit for burst simulation. The gated noise signal is fed to a bistable
multivibratar m
which narrow le

multivibrator$

The advantage of this system over the circuit of Figure 4 is that the usable frequency rangelis
dg¢termined by the output pulses of the step-recovery diode only. An example of such a circuit
is givpn in Figurp 6 _in which circuit output Inulqpq are gpnpmfpd hy 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



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

TR CISPR 16-3 © IEC:2010(E) -29-

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.

@%
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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43 q or open-area test site and the reverberation

specified in _seweral CISPR publications. For equipment that can be measured using t
refjverberation{cha
ofl the open-area test site (OATS) limit. The procedure is described in this subclause.

4.3(2 Correlation between measurement results of the reverberation chamber and

bet method, a procedure is required to relate the limit to be used with th

he
at

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.

R+G=F+2 (6)

4.3.3 Limits for use with the reverberation chamber method

Consider the case of an EUT which is exactly on the limit, L,, when measured in the open

area test site. ie PH=Iu

This EUT should also be exactly on the corresponding limit, L, when it js measuredin the
reverberating chamber, i.e. P, = L,.

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

L =Ly +2-G (7)
The value of L, is dependent not only on L, but also on G. e \GoWdll not be the same for
all EUTs, it is not possible to set L, to treat all EUTs i the effect of L |If
sqy L, = L, then it is correct only for EUTs with G = ater than 2 will find it
egasier to pass the reverberation chamber limit, apd

It|is necessary to determine the valu a Oom measurements of P, and
P{ Figure A.1 shows the curves of P, v ari aldes of G. The shaded regionl|is
fol g.in this region are caused by failure |to
lopate the maximum open-site radiatio ' S he maximum radiation lying outsifle
of{ the horizontal plane.)

An example is given in Kigut of plicrowave ovens were measured for P, and
P{ It can be seen fhat:
i the majority have values around 2;

The procedure to determine the reverberation chamber limit is as follows.

i)

erberation chamber results can be related to those of an
yération chamber appears to be a more effective method in the
representative of the maximum radiation.

Measure a sample of equipment for the maximum radiation on an OATS. Convert the

i)

<l F % o H 1 4+ £ baolf. P~ H 1 L $l 414 I
MTcadouru yudrTiiiiCo tU 1T TUUTVAITITIit pUWTUTT TTUTTT A TTIdiT™vwdadve UTPyulc. udll riro quallllly ps q,

in dB(pW).

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

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
applying 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 semiconduct

or

devices demodulate the induced RF signals [1], [17], [18], [19], [20].1 The latter effect gives

rise to a d.c. sh|ft Wh|ch may alter the operatmg pomt of such a device, thus, for exampl

e,

regueng-the-Roise-margi-oraighardevices—h-the-ease-oramphidae—mod ne
ngn-linearity gives rise to a baseband S|gnal that may become audible |n the telepho1y
system. AM broadcasting transmitters in the LW, MW and SW bands form 5S
ofl RF-field sources

he
dip ion
lifes is expected to be the dominant disturbance source. The ty
tept (current-injection test) is relevant for this equipment. In this is
applied via the telecommunication lines. As a consequerice U S he
characterization of the unwanted antenna properties of te ) ion lines and with
prediction models supplying information about the pfobabih bS
will be met in practice. Moreover, BN
specifying the disturbance source used in the ip ill
be limited to parameters relevant at thg’subscribg

In he
sU idld
strength, and an equ|valent re3|stanc ion
mpdels are needed in iqal
dipturbances, i.e. 4.4.3, and wk ne
view that the disturbapsge source i it
vqgltage and a source it

All mathematical ; Dy
the user of this s re
gi

This subcla gsults of experimental investigations carried out on burigd
telephong-subscrif i in- Germany [21], [22] and in the Netherlands [23]. In these
inpestigatians i -voJtage and current data and magnetic-field-strength data wefe
r e humber of locations, permitting a statistical evaluation of the parameter
values. 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 flor
rahdom.coupling with nearby metal objects, while the buildings cause a random scattering [of
the RE fields.

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 needed.

1 Figures in square brackets refer to the bibliography.
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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 using a loop antenna positioned in a vertical plane and rotated about its vertitl
ajis to find the maximum reading. One datum, H;,, was measured near the outlet. under

inyestigation inside the building, and one datum, H,, was measured outside a
distance of about 10 m from that building. In order to obtain a sufficient duced-signal-
torambient-noise ratio, the measurements were carried out in areg jh
vdlue of the RF field strength. This is not expected to influence thedap s,
a of
te he
Nng of
th

4,

Al it forms the origin of the
in

a H,

(8)

NQTE Although~broas transmitter antennas usually are monopoles (in the frequencies of interest), the hglf-
wgve dipole formula in Equation (8) has been used for convenience.

b) Theseffect of the building on the field strength, which can be expressed in a building-effgct
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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a) Scatter plot of the measured outdéox magn€ ability plot of the building-effect
field strength Hy normalized to the ¢ 3 arameter A, dB, all data

the reported power [26] versus the dista
the transmitter

Figure 8 a) shows the ratio”F S e distance between the point of observation and

the transmﬂter,’ < icates a slope —1. It can be concluded that, ¢n
ayerage, the data i opeNairly well. The associated intercept is higher than that
expected from Eq Whi v’agreement with the (H, + 10) dBuA/m limit observed
in|Figure 7.

Figure 8 b) shows™the Ror probability plot of all building-effect data. If these data wefe
ngrmall ibuted, @ straight line would have resulted. This is not the case, and the data
syggest i der approximation, two distributions are superimposed. The tyo
diptributions when distinguishing between data associated with buildings
cqnstructed from~brick and/or wood (B/W) and data associated with buildings construct¢d
from reinforced concrete (C). The normal probability plots of these distributions are given [in
Figure 95d) and 9 b). The negative values of 4, predominantly stem from measuremeryts
wheré H; was measured on an upper floor of the building, whereas H, was already measured
atl about 1,5 m above ground level outside the building. Effects of re-radiation also influenge
the actual field-strength data.
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The numerical results have been summ lear frequency dependence [of

Cd
m

ng-effect, 4, analysis

Building material Ayexage Sta Miation Median Number of data
dB dB
Brick andior wbod > [ 18 4,0 1,0 138
Reinforced concrete! | \"20,6 N 87 20,1 84

nnected during

en-circuit voltage normalized to the field strength

e-measured voltage will be normalized to the measured magnetic field strength in 4.4.2.3]

the 'yoltage measurements was the outlet to which the telephone set was
measurements. The investigations showed that the influence on t
pasuredwoltages of the telephone set and its standard lead (4 m long) could be neglected.

/2000


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

TR CISPR 16-3 © IEC:2010(E) -39-

80 - ' ' - - 80"

60

: 60
F 1 L
S 3
e | g
g 40 z 40
QJ_ "" Q_ -
S + 4 L
ade
20 ‘ 20 PR

A . N N ‘ T
-10 10 30 50 70 -10 \!(;\} 50 70
a G, (dBQm) (All data) b (9] (Briek/Wood)

IEC | 794/2000

a) All data ssociated with buildings construdted

44.2.3.2 G factors

is

T¢ obtain an antenn

narmalized to the field

Gi,o =

where

Hino  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
G, C 26 5 109 26 0 a0

4.4.2.3.3 L factors

In[ 4.4.2.3.2, Uy, was normalized to the measured magnetic field stre vielding the
G|factors. Assuming far-field conditions, the electric field strength f zy with
Z{= 377 Q. If the outdoor field strength is considered, this ems” to be

ref@@asonable and the G, factor can be converted into an L, factoy

1 =G0 __Un Un
° ZO HoZO Eo

(11)

where Uy is in uV and E, is in pV/m.

The L factor can be considered as the effectiveNe R.Or € e height of the subscriber line
agting as an antenna. The results for umarized in Table 5, where Ly and [
ane the upper and lower limit of the range (me factors (see 4.4.2.3.4).

tors (far-field)

L factor Buildin verage® Standard Ly L,
aterial deviation
dBln) dB dB(m) dB(m)

Lo "B NAE Y 10,6 18,0 35,0

L, < \e 25,0 10,9 3,0 55,0

In| the i actox of —3,0 dB(m) average (standard deviation 10 dB, number of data
pgints = rted [27] for a cable running 1 300 m underground and 1 000 m to
3 P00 m overhead (aerial cable) towards the subscriber. Broadcasting frequencies wefe
594 kHz 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 results
rejported-in [27] are in line with the results for L, (B/W), as given in Table 5. However, more
recentiinvestigations 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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1 _ 2
£(g)dG = Te('”G m120° 46 (12)

o T

However, by adopting this lognormal distribution it is automatically assumed that a G fac
may range from zero to infinitely large. In practice, infinitely large will never occur
wavelength effects and effects of coupling with nearby structures create an upper limit (G

tor
as
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 distributi
of the building-effect parameters.

on

Unfortunately, no theoretical study is known which predicts the upper limit of G (or E) [of
an actual telephone-subscriber line taking into account the length and the routing.'of-a line
inpide the building and, buried, outside the building. However, it has tobg expected_that su¢h

a Jimit exists and the best approach is to use the experimental upper

In[ addition to the upper limit, one may also consider a lower liry
af| the lower end. It is found that in the range of parameter va
and 4.4.4, the influence of G| (or L|) is negligible.

The truncated probability density function reads

SUGMG = Gjl:(G)dG (13)
jGL £(G)dG

The mathematical form of 1 i Gy) and F(G\) is given in Annex E.
Table 6 summarizes the satio : t factors and the building-effect parameter 4.
Note that or differs v PR \EAN e value of ar if —o < G dB(Q2m) < « jor
-o¢ < 4, (dB) < « beca 3 ; —0,5. The upper and lower limit in dB(m) [of
the L factor ran are i 51,5 dB(Q) from the corresponding G factors
in|dB(Qm). @

;y of truncation parameters of f{G)

G factor /\BQ\.& \>Gu G, F(Gy) F(G,) atg
or Ay ety gatam) dB(am) Fldy) Fldy) a,
Q N (o) (a8)
G; B/W\ 70,5 11,5 0,480 5 -0,499 3 1,021
G; b/ 78,5 20,5 0,498 5 -0,492 2 1,009
G§ B/W 69,5 16,5 0,487 3 -0,497 1 1,016
Go C 54,5 -3,5 0,495 0 -0,497 1 1,008
Ay B/W 12,0 -10,0 0,495 3 -0,498 1 1,007
Ap C 41,0 2,0 0,490 5 -0,4837 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
using the simple relation:

Qa
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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 Rau and Ra: compared to the average value of Ra stem from resonances and anti-
resonances in the common mode circuit of the subscriber line. No clear frequéengy
dg¢pendence of R, could be observed (see 4.4.2.5), and no influence of the building material

was observed.
Table 7 — Summary results of equivalent-resistange\ aly%

R, Standard Median R, Number R,, al R,y R,
(dverage) | deviation (average) of data

dB(Q) dB dB(Q) Q points dB(%)’\ dB,@) Q Q

44,2 6.8 435 162 204 6 NN ) 531 18

RO
| ¥ N
RN

99

25 35 45 55 65 75 85
R, (dBQ)

IEC 796/2000

Figure 12 — Normal probability plot of the equivalent asymmetrical
resistance R, dB(Q)

4.4.2°5 Frequency dependenceofthe parameters

In the frequency range determined by the measurements in the LW, MW and SW bands, no
clear frequency dependence of the building effect 4,, the G factors G, and G;, and the
equivalent resistance R, could be observed. This is illustrated in Figure 13a) and 13b) the 4,
data for brick/wood buildings, the R, data, the G, data for brick/wood buildings, and for
reinforced concrete buildings.

Because no clear frequency dependence of the various quantities could be observed, it will be
assumed in 4.4.3 and 4.4.4 that the building effect, the G and the L factors and the equivalent
resistance are independent of the frequency in the frequency range of the LW, MW and SW
bands. A possible frequency dependence is then incorporated in the standard deviation of the
respective distributions.
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Figure 13 — Examples of the frequency dependence of some parameters

4.4.3 Prediction models and classification
4.4.3.1 General

This subclause presents some simple prediction models for fields and voltages needed in the
process of classification of the electromagnetic environment and when setting immunity limits
for the telephone sets to be connected to the subscriber lines.
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Because the measuring locations were not chosen randomly in order to obtain a sufficiently
high induced signal-to-ambient noise ratio, the basic data from which the parameters reported
in 4.4.2 were derived cannot be used directly because they form a non-random sample from
their actual distributions. The models to be discussed permit an estimate to be made of the
complete distributions of the field strength and induced voltage. In addition, the complete
distributions allow for a classification of these quantities. This subclause gives only the

procedure for this classification. The actual class limits are outside its scope.

4.4.3.2 Field-strength classification

As$ mentioned In 4.4.2.2, the field strength i1s not a property of the subscriber line. Nevd

theless, information about the field strength is needed in order to make a prediction of“t
induced voltages.

strength, to be indicated by E, and H, for the electric and
refspectively, is inversely proportional to the distance r betwee
the transmitter, and proportional to the square root of the trangmitte
symmarized in 4.4.2.2 it follows that, in the worst case, th

factor of 3 (= 10 dB) larger than the constant of proporfiona
dipole.

A| classification of the outdoor electric or magr
probability pr{E, > E|} or pr{H, > H| } tha{ the ot}
ajgiven limit value, indicated by the subscxp

be written as

where

the probability has to be estimated.
Under fars Rditions both relations in Equation (15) are equivalent.

Considering.aring
follows_(see Annex B) that

(El’%ax —E% )Er%in Er%in

—

-

the maximum field strength in the geographical region in

aped area (RSA) around a transmitter having a circular antenna patter

>

L h
Piito = L=
min

where

E is the field strength at the inner boundary of the RSA and

max

E is the field strength at the outer boundary of the RSA.

min

A similar expression is valid for the magnetic field strength (see Annex B).

(Ehax — B JE2 B2 o
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The inner boundary of the RSA has to be specified, as the relation between E, and r derived
from the measuring data will not be valid arbitrarily close to the transmitter, i.e. in the near-
field region of the transmitter. A non-zero outer boundary field strength is needed, as E;;, = 0
would mean that pr{E, > E| } = O for all values of E . Note that by definition p{E, > E } = 0 and
that pr{E, = Epin} = 1 (= 100 %). The approximation given in Equation (16) is valid if
Emax >> {Eminy EL}, which is normally the case. Hence, it can be concluded that in the present
model the value of £, ;, to be specified is very important. The choice of E,;, and E ,, will be
discussed further in 4.4 .4.

min

E 60 V/m WhICh is an example of a radlatlon hazard I|m|t in the MW band of frequenmes,
= 0,01 V/m [= 80 dB(uV/m)]. The latter value is of the order of magnitude™of the
mnimum field strength in the service area of a broadcasting trans
probability values are almost completely determined by E,;,,.

pH{Ey 2 E} E, Epin P\soo ?w\ V%

JPr{Eo 2 EL} %ﬁ-’\ k;22
% Vim / X mL

0 60 F\K}} & Neo) (260)

100 0,01 {\\ % U ‘@?ooo 1550 0pO

10-1 0,32 N\ W \_/ 15 652 49 193

10-2 ( (-\1% 4 950 11 556

10-3 \ 3,16 > 1565 4919
AN

10-4 0,00 495 1556

BY expressing t \Q}( a field strength, and not, for example, in terms
ofl the distance itter Mand the point of observation, Equation (15) [is
applicable to any tra field strength which is inversely proportional to the
distance. Howeve sses have been established, a certain transmitter will have| a
cqgrtain value of t 1 ortionality k. Then class boundaries can be associaté¢d

with distances RI/EX between transmitter and point of observation. In Table 8 examples
of| R are given, Wl (as in the case of a half-wave dipole) and k£ = 22 (the worst-
cgse valde faund ¥ d:4.2\2), while the transmitter power P = 500 kW. The R values for E||=
60 V/m have begng-put\in between brackets, because, in the considered frequency range, the

far-field conditian“is not valid at these distances.

The advahtage of choosing the field-strength boundaries first is that the classes are the same
for all Kinds of transmitter, while the choice of a class is then determined by the probabil|ty
that-vietim equipment will be at a certain distance from the chosen class of transmitters. |In

g
probability.

4.4.3.3 Asymmetrical-voltage classification

A classification of the induced open-circuit common-mode voltage U,, may be based on the
probability pr{U, = U} that U, is equal to or larger than a given limit value U . If f(G)
describes the truncated distribution of G factors (see 4.4.2.3.4), f,(H,) the normalized field-
strength distribution and use is made of the relation U, = G, x H,, in Annex C it is shown that
this probability can formally be written as
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Gy Uy 1 U
priUn 2UL} = [dG, | dUhG—f(G—“th(Go) (17)
Gy Uy o o

where G4, G5, Uy and U, are suitably chosen boundaries (see Annex C). In Equation (17) the
product of the two distributions, i.e. the joint distribution, is needed because pr{U, = U,}
depends on simultaneously meeting a certain field-strength value H, = (U,/G,) and a certain
value of G,. In Equation (17) the factor 1/G, stems from the transformation of f{H,) into

AUplGy).

N

the point of observation as a consequence of the fact that the boundarié

b
E

C
cl
cl
as
Er
ol

bte that Equation (17) is not an explicit function of the distance between the transmitter-a
the RSA ha

en defined by field-strength values. A similar remark was magde
huation (15), and similar conclusions are possible here.

bnsidering again the ring-shaped area as introduced 4.
bssification of Uy, i.e. U values corresponding with chosen ve 52 .}, /are given

sumed that the outdoor field strengths FE,,
Lin = 0,01 VIm (Hq,;, = 27 uA/m) have been specifiéd.
tdoor field strength, the building effect has to aKe

and specifying t

——" -

nt, as is explained |i

nd
e

pection with

Annex C.
Table 9 — Example of voltage classific e outdoor field strength:
Emax =
) G,

Building material <B/\h\ /\ \ \M:) N > B/W c
4 L ENENDES WXL - -
Sy NN 8.7 - -
A, D L 12,08 41,0 - -
Ay a8 [ { \Jda NN 20 _ _
Gl aBamf| \ '\ 4% 45,9 45,8 26,5
s e\ O\ N2 10,5 10,6 10,9
G dB\(\Qm) N \703\/ 78,5 69,5 54,5
G| \_dBlaty M5 20,5 16,5 35

pr{Uy 2 UL} UL UL UL UL

dB(uV) dB(uV) dB(uV) dB(uV)

101" 115 101 114 96
1012 125 111 124 106
1008 135 121 134 116
1974 145 131 143 125
Key
B/W is brick and/or wood
C is concrete
4.4.4 Characterization of the immunity-test disturbance source
4.4.41 General

The results presented in 4.4.2 and 4.4.3 may be used to specify the open-circuit voltage and
the internal impedance of the disturbance source in a conducted-immunity test that would be
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needed to achieve a sufficiently high probability that TTE to be connected to the subscriber
lines will be electromagnetically compatible.

The specification of the open-circuit voltage U}, should be based on the distribution of the

voltages over all telephone outlets to be considered. Therefore, this distribution is calculated

first, using models and parameter values derived in the preceding subclauses. Once the

distribution is known it is possible to calculate N (U = U|), i.e. the number of outlets in the

respective geographical region showing a voltage U,, = U, where U may be considered as

the open-circuit voltage in the |mmun|ty test. The internal impedance may be Chosen dlrectly
v

TTe derivation of the outlet-voltage distribution is described in\detaiN .|In
s derivation, the following steps have been taken.

experiencing an
N transmitters to be
by a maximum figld

(1)) Determine the total probability density n(H,)
outdoor magnetic field strength H, in ring-shapg
considered, where the inner boundary of the

strength H,,, and the outer boundg

(2 o) X flG,) describing the density [of
and, simultaneously, the antenpa
o» then and convert the result into the

= H,G,.

(3 \
dary conditions are taken into account such that
U } =1 (or = 0), then the number of outlets N,(U,, = ;)

It i
fo

)t committee to choose a value of N, (U, = U ) from which {/,
-circuit voltage of the disturbance source in the immunity test.

A i gngth to be inversely proportional to the distance between the outlet apd
the transmitfer, and~ assuming constant densities of outlets around the transmitters, it |is
shown incArnnex D that the field-strength distribution n(H,) can be written as

N
ZEﬁu k5P
%:1 A . (18)
EO EO
where
4; is the outlet density,

k; is the constant of proportionality of the j-th transmitter and
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N is the total number of transmitters considered.

If the density x4 is the same around all transmitters and all transmitters have the same
constant of proportionality k, CH, is simply a constant times the sum over all transistor
powers.

When considering the electric field strength £, = (k/P)/r, the distribution n(E,) reads

N
ZﬁZujka-Pj
~Cro (15)
EO EO

sq that C,, = C,.Z>. In Annexes B and C it is explained how th

Ho™o
when the indoor field strength H, or E; is to be used.

AN

T
4 '1.4'///2 /A,//JIIIIIIII_

E (V/m)
IEC 798/2000

the field-strength increment is AEj = 1 V/m.

ple of the frequency histogram AN(E,,AE,)

gral, will not be homogeneous around a transmitter. To derive n(H,)

In[ practice, the magnitude of the electric field strength is mostly considered, so n(E,) may be
dgtermined first, after which n(H,) follows after assuming far-field conditions. An example |of
AN(E,,AE,) 1S given in Figure 14, where the diiferent shadings indicate the various
contributions resulting from various transmitters and non-homogeneous outlet densities
around these transmitters.

A drawback of the method leading to Figure 14 and a drawback of the model leading to
Equations (18) and (19), is that the fields of the various transmitters overlap, particularly in
the lower field strength regions. As a result, the same outlets in these regions are counted
more than once if no discrimination is made with respect to the broadcast frequency. In
4.4.2.5 it was explained that no real frequency dependence could be observed, so this
discrimination is not possible, which leads to an over-estimate of AN(E,,AE,) at the lower
field-strength values.
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A procedure which might be followed is then to determine n.,(E,), i.e. the distribution of the
maximum field strength in the respective geographical region resulting from the N relevant
transmitters in (and in the direct vicinity of) that region. An example of such a distribution is
given in Figure 15. This distribution is a result for a part of Germany (having an area of
2,5 x 105 km and 42 x 108 outlets) by calculating the maximum field strength in each node at
a 1 km by 1 km grid over this region as caused by one of the seventy-nine actual broadcasting
transmitters in the respective frequency range, with a total ERP of 12,2 MW. The resolution of
the field strength, i.e. AE, was taken to be 0,1 dB(uV/m). It was assumed that the density u
was a constant (42 x 108/2,5 x 10% = 168 km=2) throughout the region. When performing
these calculations it was found that n,(E,) does not vary much beyond a certain number (fifty
in[this case, with a total power of 7,5 MW) of transmitters taken into account.

1E9

4
1E8 22 %

1 G Y
1E7 | »
X
< \\ 3
c TN PN
= e
> 1E6 ! :
CE = N 3
1E5 4 £ P
8 L < $ \ R
1E4 b "

aximmum E, (V/m) IEC 799/2000

; Ef,* with n(E, =1 VIim) =n_(E = 1V/m)x E_, chosen such that
and n(E,) both yield the total number of outlets in that region.

The solid ling'in Figure 15 represents n(E,) = —Cpo/ES with Cp, taken such that n.,(E,) = n(H,)

when E;551 V/m. This value is somewhat smaller than Cp, calculated from Equation (19), dye
to| thelaforementioned fact that »,,(E,) seems to "saturate" when the number of transmitters|is
increased.

When integrating the distributions over the entire respective region, the total number of
outlets N1 shall follow the equation

E max
C 1 1
Nt = jn(Eo)dEo= 1250J CE— (20)
Emin lEmm Etax
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where the right-hand side of Equation (20) follows when Equation (19) is used. Equation (20)
indicates that for a given or agreed maximum field strength E ,,, the value of E;, follows
when Cp, is given or that C., follows when E;, is given. The former approach was used to
calculate E;, = 008 V/m, as indicated in Figure 15,  assuming

np(Eg = 1VIm) = CpolES = Cgg) 5,4 x 105 V2/m2.

Table 10 — Summary of the parameters used in the numerical
examples presented in Figures 16 and 17

Figure 16 rraj )

cdrve - 1 3 4 2 3 4
L-factor L, L, L, L, L@ m L2
Bilding BIW BIW BIW BIW Bw N\ c
material

M| dB(m) 5,7 5,7 5,7 5,7 —4,2\ \256\ 5,6
s, dB| 106 10,6 10,6 10,6 Q1.2 A\ 109 10,5

t] @Bm)| 180 beo 18,0 180 J N1 x\\>o 27,0
L, m 7,9 beo 7,9 7,9 8, 2 22,4
| dBm)| -350 oo 35,0 —36,0 —40\,8\ 55,0 ~31,0
L, m| 002 e 0,02 f\)gz/(? A0, 0,002 0,03
M dB - - ( N N\ 6— ( ) W - 20,6
s, dB - - N NOTNL_Ao - 8,7
4], dB - - (- A 12,0 - 41,0
4, dB - - \ - N | -100 - 0,0
N, miltions 42 N 2 (P | 42 42 42 42

a
=

a
=

N
L VvZm2 | 54x10° [ 5,4 %10° 4% 85\j4 x 105 - 5,4 x 105 -
L vZm? - 2 - 3,3 x 10* - -

txy

3
[
x

V/m 1W \ 10})\ \Q 10,0 3.0 3.0 3.0

El..  Vim - K A NN - 9,5 - 2,4
g, vim| 0B \N_ w8\ | /o008 0,008 0,08 0,08 0,08
DRI DY - - 0,02 - 0,000 7
Ulee DA\ 7R\ 24 79 85 42 53

o
\“4
o)
o
zZ
o
_|
o
=
c
o
o
o
c
(2]
o

NQPTE Some curves-have the same parameter values: Figure 17 a) curve 2 and Figure 16, and Figure 17 b) cuive
1 @nd Figure{17'a) curv

Kdy
B/Wris, brick and/or wood

C is concrete

This subclause is concluded by giving several numerical examples of Ny(U,, = U)), i.e. of the
number of outlets in the respective geographical region showing an induced open-circuit
voltage U,, = U, where U may be considered as the open-circuit voltage in the immunity test.
The region in these examples is the aforementioned part of Germany. The relations used in
the calculation of N (U, = U ) can be found in Annexes C and D. The values of the various
parameters used in these calculations are summarized in Table 10.

Figure 15 shows an example of Ny (U, = U,) in the voltage range U| < U5 = 79 V, based on
L, data for buildings constructed from brick and/or wood (B/W) and assuming that all

42 million outlets are in these types of building. U, (see also Table 10) is given by
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Unmax = EmaxLy, Where FE. ., is the maximum outdoor field strength in the respective
geographical region, and L, the upper limit of the range of L, (B/W) data (see 4.4.2.3.3). Uy ax
is quite large in this case. The maximum value measured in the experimental investigations is
22 V.

Ny(Up2U,)

\\ /wa
| \( Nt

1

IEC 800/2000

N(

with an induced asymmetrical
=79V (see Table 10)

, the higher range of U values is of interesgt.
ave been replotted as curve 2 in Figure 17a). Curye
e same situation as in Figure 16 but neglecting the
In that case U,y is infinitely large, which is not very

‘ deémonstrates how the results represented by curve 2 afre
mpdified whe X b from 10 V/m to 3 V/m; then U5, = 24 V. Finally, curve 4|in

T;I: set the spec@
Therefore, the re S
11]in Figure 17 a) gj¥
trlincation of the
r

Figure 17a_de qtet e results represented by curve 2 are modified when E;,|is
reduced wWm to\0,008 V/m. The latter curve clearly demonstrates the importance [of
the minimun i In the geographical region.

In| Figure 17,b) the™wfluence of the building material (B/W or reinforced concrete, C) and the
choice of-L*factor (L, or L;) on the results can be observed. Curve 1 in that figure is identidal
to| curve™3 in Figure 17 a), so it concerns L, data for B/W-buildings. When using L; data the
byilding effect has to be taken into account because there is no direct model to predict the
indUUl f;c:d'btlcllyth d;Otl;bUt;Ull. B_y dU;IIs oV, thc ICDUHG IUpIUOUIIth by CuUurve 2 al'c fUUI d
As for curve 1 the maximum outdoor field-strength £, = 3 V/m, but due to the building effect
the maximum indoor field strength E; .., = Epax 4pi, Where 4y is the lowest building effect as
determined from the experimental data. In thls case 4,; = =10 dB, so that £ =9,5 Vim,
hence there is an amplification of the outdoor field strength.

I,max
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NOTE See Table 10 for the various parameter values used, and below for key. Total number of outlets 42 x 106,
homogeneous density of the outlets: 4= 168 km™<.

Figure 17 — Examples of number (left-hand scale) and relative number (right-hand scale)

of outlets with U < U, < U4
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Key to Figure 17 curves:

a) B/W buildings

Curve 1:  nontruncated L, factor,  E 5, =10 V/m, Emin = 0,08 V/Im
Curve 2:  truncated L, factor, Emnax = 10 Vim, Epmin = 0,08 V/Im
Curve 3: truncated L, factor, Epnax = 3V/im, Epmin = 0,008 V/m
Curve 4: truncated L, factor, Epax = 10 Vim, Epin = 0,08 V/Im

b) Truncated L factors, maximum outdoor field strength 3 V/m

)

Curve 1:  B/W buildings, L, factor

Curve 2:  B/W buildings, L; factor

Curve 1:  C buildings, L, factor

Curve 2:  C buildings, L; factor
Ope might argue that a negative value of 4,; is not realistic ne
ng¢gative values predominantly originated from measurements whe th
was measured at an upper floor of the building, and the ou i 1,5 m aboye
ground level. Furthermore, re-radiation effects also influenced™t X Id -strength dafa.
Ope may decide to truncate the building-effect d|str| o5 . In thiat
cgse, Ej max @nd Uy o, reduce from 85 Vto L E 5y =
Assuming that all 42 million outlets aye\located ts
rejpresented by curve 1 in Figure 17 b le
cyrve 4 follows if the L; data are used. W
and C buildings. Then Nt in the calculati c 3 of
building, and the results for both types{of buHdingthave tosbe added.
NQ@TE 1 Although the number\of o ‘ iven ih Figure 17 may have non-negligible values, the
relative number is very low.\ his ¥ > i ance of the "tails" of the various distributions used and of fhe
applied truncation. In additipn\f the { ns—given in the annexes are not used, but a full-numerigal
cajculation is made [for exalmple 3 ing )], care has to be taken that the accuracy of the numerig¢al
cajculations is suffici igh. the relative number Ny(U,, 2 U )/N7 form an indication of the
acfcuracy needed. The i is(ideqticaNo pr{Uy, = U} in per cent.
NOQTE 2 In all calculz S iy of the outlets 1 was considered to be a constant over the entire respective
region. The results can be i S examiple, when the calculations leading to n,(E,) (see Figure 15), takq a
logation-depender i
NQPTE 3 Curves 2 and 4 7 b) are based on L; and 4, data, and a warning has to be given hefe.
Aq mentiopfed t is nof very likely that inside the bmldmgs the far-field condition will be satisfied anpd,
foymally speaking rived from G;. In addition, 4, was determined from magnetic field-strength data
and 4, for the™e } eed not be the same. In the calculations leading to curves 2 and 4, it was tacitly
aspumed that L; = = 377 Q). However, the same curves for Ny(U,, 2 U, ) would have been found when
cofrectly using \the , but quoting rows 15 and 16 of Table 10 means the magnetic field quantities
H{ax = Enaxt4o etc., and replacing Cy; by Cyy; = Cpi/ Zg (see B.4).
4.44.3 Summary of disturbance source parameters

4.4.4.31 General

Assuming that the disturbance source in the conducted-immunity test is sufficiently described

by an open-circuit voltage and internal impedance, the following parameters are
importance.

4.4.4.3.2 The internal impedance

of

The internal impedance may be specified as a purely resistive quantity, for which the
magnitude is chosen on the basis of the results for the equivalent asymmetrical resistance R,
as given in 4.4.2.4. The choice depends on the reference for the asymmetrical disturbance
source considered to be relevant in the situations where interference problems have to be
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prevented. An often used value is R, = 150 Q [24], [25], [14] which is not in conflict with the
R, results presented in 4.4.2.4.

4.4.4.3.3 The open-circuit voltage

Because the induced asymmetrical voltage has been measured at non-random locations in
order to have a sufficiently large induced-signal-to-ambient-noise ratio, the raw U, data
cannot be used and the procedure described in 4.4.4.2 has to be followed. From that
procedure, described in more detail in Annexes C and D, it can be concluded that the
following parameters have to be considered (see also Table 10).

a Nt The total number of outlets in the geographical region (country):Mo-he
considered. Nt is either the grand total of outlets orthe totalsnumbger
of outlets in a certain type of building (brickiwood™or~reinforced
concrete).

b Mgor M, The average value of the G or L factor

Table 4 and Table 5). If the G; or L; facto ng
building effect parameters shall be kng ):
M : the average building effect 4}, in
S ,: the standard deviation of 4 i
Ap,: the maximum building effe
c)| SgorsS;
d Gy, G 7
Ly, L,
e Hpax ) ield strength, in A/m or V/m,
ne
S.
ne
a
jh
le
ngth is equal to or smaller than X (A/m or V/m),
in
m

3 (simultaneously) a complaint occurs.
f)l  Hpin iimum field strength determining the outer boundary of the

his value needs to be chosen only when the field-strength
distribution n(H) or n(E) is unknown. If this distribution is known, H},
or Enin is calculated from an equation like Equation (20).

g n(H)Nor n(E) The field-strength distribution, as discussed in 4.4.4.2 and Annex B.

4.5 Predictability of radiation in vertical directions at frequencies above 30 MHz
4.51 Summary

CISPR 11 set limits for the electromagnetic disturbances emitted in situ near the ground from
industrial, scientific and medical (ISM) radio-frequency equipment. In CISPR 11:2003 with
Amendment 1 (2004) [5], referring to protection of safety of life services, it was stated, "Many
aeronautical communications require the limitation of vertically radiated electromagnetic
disturbances. Work is continuing to determine what provisions may be necessary to provide
protection for such systems."

This subclause considers the calculated vertical radiation patterns of the E-field which will be
emitted at frequencies above 30 MHz from electrically small sources physically located close
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to the surface of real homogeneous plane ground. Its purpose is the study of the predictability
of radiation in vertical directions based on in situ measurements of the strength of the E-field
near the ground. The sources considered are electrically small balanced electric and magnetic
dipoles excited in the frequency range from 30 MHz to 1 000 MHz.

The effects on the vertical radiation patterns caused by a wide range of the electrical
properties of the ground, varying from wet ground to very dry ground — and the special case of
a ground that behaves like a near-perfect conductor — have also been considered.

These : ‘ S . - - -
bdsed on measurements near the ground. The subclause identifies some of the factors to be
nsidered when developing and specifying limits of radiated electromagnetic disturbances
and methods of measurement which are intended to protect aeronautical/radio aV|gat|on and

cqmmunication systems operating at frequencies above 30 MHz. For exg at
vgrtical patterns of the fields over good conductors do not represen filelo q er
refal grounds. Moreover, the subclause shows that for good predicta NS
at| elevated angles, the in situ measurements near the groungkshs 3 ixed
hg¢ights but instead they shall use height scans and, i n
distance from the equipment which is the source of the radiati

4,5.2 Range of application

This subclause considers the pred|ctab|I|ty o iati i i i i DN
measurements of the strength of the ) ar
the ground. It is intended to give g at
elpvated angles by electrical equipmeni\jn Sy \in pa iqal
(I18M) radio-frequency equipment. For th el i i iatipn
patterns of the E-fields which will be [emi G i ically
small sources located close~to the surf

TtLe vertical radiation patterns of i i i -fi , i ing
thie surface waves, haye bee ’ i , iopis
electrically small/50 is
way, a general % aingd of the shapes of the vertical radiation patterns,
showing the magnitud i ngths near ground compared with the magnitudes |of
the E-field compo#e ated angles, and the ways in which the relative magnitudes can
bg expected to va r a plane ground.

The sour vereNefectrically small balanced electric and magnetic dipoles excit¢d
in| the om 30 MHz to 1000 MHz. For the purposes of the study, an
electrically is"defined as one whose largest linear dimension is one-tenth or legs
of| the free-space wavelength at the frequency of interest.

Slibclause*4.5 also considers the effects on the vertical radiation patterns caused by a range
of| electrical properties of the ground, varying from electrical conductivities and dielectric
cqnstants of wet ground to those of very dry ground [31], [32], and the special case of|a

ground-thatbetavestikeamear-perfectcomductor:

The effects on wave propagation near the ground of walls, buildings, terrain irregularities,
watercourses, vegetation cover, and so on, are not within the scope of this subclause. It is
important to note, therefore, that the additional uncertainties in wave propagation caused by
the presence of such discontinuities, and their effects on predictability based on
measurements in situ, have not been considered.

4.5.3 General

Table E.1 of CISPR 11:2009 provides radiation limits for the protection of specific safety-
related radio services. The limits apply to ground level measurements of the electromagnetic
disturbances emitted by ISM radio-frequency (RF) equipment in situ, not on a test site. Above
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30 MHz the five frequency bands listed in Table 9 are all used for aeronautical services,
including the instrument landing system (ILS) or instrument low-approach system marker
beacon, localizer, and glide path frequencies, as well as a survival frequency and other radio-
navigation and communication frequencies bands.

The in situ measuring distance specified in Table 9, for all five frequency bands above
30 MHz, is 10 m "from the outer face of the exterior wall outside the building in which the
equipment is situated." It is important to note that the precise measuring distance from the
ISM apparatus itself is not specified.

Tie heights at which measurements of horizontally and vertically polarized E-fields inthe
frequency range from 30 MHz to 1 000 MHz are made using a balanced dipole, and: are
specified in 7.3.4 of CISPR 11:2009. “The nearest point of the antenna to’grotd shall,be not

leps than 0,2 m...For measurements in situ the centre of the antenna shall be fixedat 2,0 m| +
0,2 m height above the ground...For measurements on a test site ib ha
shall be varied between 1 m and 4 m height for maximum indicatidn at & y.”
CISPR 11:2009 specifies that “Class A equipment may be meast iteNef in sifu,

ag preferred by the manufacturer” and notes that “Due to S|ze ¢ i operating
cqnditions, some equipment may have to be measured | compliange
with the radiation disturbance limits...” It goes on to sa ipment shall be
measured on a test site.”

ar

b) How predictable are the ¥i 3 - ) i ing

ot
specified)? (See 4.5
c)| How is the e
measuring aR
d if
al
To prowde SO i iqal
Pgl: 3 i ion
ef al
hg ) w
badly, the calculated patterns show that ground-based measurements of the vertically and

hgrizontally Jpolarized E-fields emitted from the various sources will correlate with the
mpximum. strengths of either vertically or horizontally polarized E-fields (whichever afe
g£ater) at elevated angles. The patterns have been calculated for the simplest of sources

fating into the half-space above ground. If these patterns identify problems |of
predictability, it is unlikely that predictability will be improved when real ISM devices, like
plastics welders or RF diathermy machines, are the sources.

Vertical polar patterns and linear height scan patterns have also been calculated for the
E-field radiation emitted from the small sources over a copper ground plane. A copper ground
plane provides boundary conditions which distinguish, in effect, a perfect conductor from a
real ground, and allows identification of the differences between the vertical radiation patterns
that will exist close to the surface of a real ground when compared with those calculated close
to the surface of a perfect conductor. The differences determine how large the errors will be if
predictability is judged by considering vertical patterns calculated over a perfectly conducting
ground plane.


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

- 58 - TR CISPR 16-3 © IEC:2010(

E)

The four kinds of sources considered were electrically small vertical and horizontal balanced
electric and magnetic dipoles. There is justification for the use of small dipole sources as
models in the study of the predictability of radiation at elevated angles from real ISM
equipment. Airborne measurements of the fourth harmonic field radiated from 27 MHz ISM

apparatus over real ground reported in [33] have been studied further in [34]. In [34] it

is

shown that the vertical distribution of horizontally polarized fields at approximately 109 MHz,

encountered by an aircraft during any single flight pass over the ISM apparatus, can be w
matched with a field distribution produced at elevated angles by a simple small electric
magnetic dipole source. Some of the work in [34] is summarized in Annex F.

ell
or

4.5.4 Method used to calculate field patterns in the vertical plane

4.5.4.1 General

The E-field vertical polar patterns and linear height scan patterns haveg ing
a [double precision version of the method of moments computer coge umeridal
Electromagnetics Code (NEC) [35]. NEC2 with the companion cqde s the
Sommerfeld integral evaluation of the field interactions at the gif-ground | 50
includes the contribution of the Sommerfeld-Norton surfac al
E{fields above real grounds (discussed in 4.5.6.4). The ng ne
cglculations for results in this subclause.

The small vertical and horizontal balanced electric (di értical and horizon{al

bglanced loops (magnetic dipoles) used as the(mode

nit

dipole moment [i.e. a dipole (currenty’mo le
mpment of 1 A-m2 for the loops]. All Ve
gnound of either 1 m or 2 m in order to DN
th of
r ne
g
The geometries of the models I
al pattern computations, are shown in the top right
(of¢ ]
The planes in he
di
4.5.4,
The five frec ed
bdnds [38] listed:in Table E.1 of CISPR 11:2009, are shown here in Table 11.
Table 11 - Frequencies of interest in ITU designated bands
from Table 9 of CISPR 11:2009
Kbil.dl.iull i-I—U u'eaiglml.ed 'uanda
frequency
MHz
75 74,8 MHz to 75,2 MHz, Aeronautical Radionavigation (Instrument Landing System (ILS) marker
beacons, horizontal polarization)
110 108 MHz to 137 MHz, Aeronautical Radionavigation and Aeronautical Mobile (R) (including ILS
localizers (108 MHz to 112 MHz), horizontal polarization)

243 243 MHz is for use by survival craft stations and equipment used for survival purposes

330 328,6 MHz to 335,4 MHz, limited to ILS (glide path, horizontal polarization)

1000 960 MHz to 1 215 MHz, reserved on a worldwide basis for the use and development of airborne

electronic aids to air navigation
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Most attention has been devoted to the small sources placed above a “medium dry ground”
[31] (CCIR: medium dry ground; rocks; sand; medium sized towns [32]). The electrical
constants, the relative permittivity & and the conductivity o (mS/m), for “medium dry ground”
at 30 MHz and the other five frequencies of interest are listed in Table 12.

N
1
VE

T

thf ground constants on the vertical radiation p
fo X

Table 12 — Electrical constants for “medium dry ground” [31]
(CCIR: medium dry ground; rocks; sand; medium sized towns[32])

Frequency & o
MHz mS/m
30 15 1
75 15 1,5 N
110 15 2

e : AN

1000 15 NN

“wet ground” and “very dry grou at
ble 13.

Table 13 — Electrical constants fo
cultivated land [24]) and “very

o e

hd
Al
of
ts
in

Frequency We un \J Very dry ground

que N (areuns
c
mS/m
0,1
0,1
0,15

4.5.5

45.5.1

4.5.5.1.1 “General

C(

is ‘iseful to observe the relatively small influence of widely differing values of the grou
nsfants on the predictability of the field strengths at elevated angles. A small vertical lo

hd
pp

(horizontal magnetic dipole) at a centre height of 2 m above ground was chosen as the source
model. The geometry of the model is shown in Figure 18. For this source, the best
predictability is obtained when the vertical E, field component is measured near the ground to
estimate the maximum strength of either the horizontally oriented E_ field or the vertically

or

4,

iented E, field at elevated angles.

5.5.1.2 Influence of the ground constants at 75 MHz

In Figure 18, the vertical polar patterns at 75 MHz show the horizontally polarized E, field
strengths in the Y-Z plane at scan radii R of 10 m, 30 m, and 300 m, over real grounds having
the electrical constants in Tables 12 and 13. It can be seen that at each of the three scan

ra

dii, the total spread in the maximum E, fields in the vertical direction is less than 3 dB.
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In Figure 19, the height scan patterns calculated up to a height of 6 m at 75 MHz show the E,
field strengths in the Z-X plane at the three corresponding horizontal distances over the same
three types of real ground. It can be seen that the spread in magnitudes of the E_ field
strengths at ground level for the three ground types is much greater than 3 dB. However, if
measurements of £, are made at heights from 1 m to 4 m, then at a horizontal distance of
10 m the underestimates of the maximum E, field strengths in the vertical direction vary from
about 3,9 dB to about 4,7 dB (a spread of only 0,8 dB), at a horizontal distance of 30 m, the
underestimates vary from about 5,1 dB to about 5,7 dB (a spread of only 0,6 dB), and at
300 m, the underestimates vary from about 18,4 dB to about 22,1 dB (a spread of 3,7 dB).
Thus, for the range of values of the ground constants and measuring distances considered

Gre e WO c pread o var Of [ e undere 1 e O I XImury SJ[e ey N

e vertical direction is only 3,7 dB, and this occurs at the largest measuring distance’of
300 m.
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4.5.5.1.3 Influence of the ground constants at 1 000 MHz

)

In Figure 20, the vertical polar patterns at 1 000 MHz show the horizontally polarized E, field
strength in the Y-Z plane at the same three scan radii R around the small vertical loop over
the same three types of real ground with the electrical constants at 1 000 MHz given in Tables
12 and 13. It can be seen that for a source height of 2 m at this frequency, multiple grating

lobes are established.

Figure 21 shows the vertical polar patterns of the vert|cally orlented E, field strengths in the Z-

ight

s of the maximum E-field strengths at elevated angles, when t
m to 4 m height scan measurements of £, at horizontal distance

4.5.5.1¢4. Predictability estimated over a “medium dry ground”

TheZForegoing shows that in the frequency range from 75 MHz to 1 000 MHz it is justifiable

ut
er
m

oY

ihs

to

make general judgements of the predictability of the strength of radiation in vertical directions
above ground by considering the E-field patterns calculated over a real ground having the

electrical constants of a “medium dry ground.”
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z
d VERTICAL LOOP
SOURCE
HEIGHT )

SCAN
PATH

GROUND
X

Scan distance =
6 T

metres

Height,

N
4 120 130 140 150 160 170 180 190
E-field strength, dBuV/m

FREQUENCY =1 000 MHz

————— "wet ground" €, =30, O =140 mS/m

"medium dry ground” €,=15, G =35 mS/m

m . L a o
very-ary-grourna < 9 O—=710;

PR -Y)
TI IO

IEC 808/2000

NOTE Loop dimensions 0,02 m x 0,02 m. Loop centre height 2 m. Dipole moment 1 A-m2. (Reproduced from [39]).

Figure 22 — Height scan patterns of vertically oriented E_ field strengths
emitted at 1 000 MHz from the small vertical loop (horizontal magnetic dipole),
at horizontal distance of 10 m, 30 m and 300 m in the Z-X plane
over three different types of real ground
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4.5.5.2 Predictability based on height scan measurements near real ground at 10 m
distance from the source

4.5.5.2.1 General

Here we can provide an answer to the first question raised in 4.5.3.

In summary, the answer is that the predictability of the maximum E-field strengths at elevated
angles by means of 1 m to 4 m height scan measurements at a horizontal distance of 10 m,
for all four types of sources placed either 1 m or 2 m above a “medium dry ground” is very

g¢od. Underestimates at all five of the irequencies used for aeronautical services are le
thian 6 dB.

Al the two lower frequencies of 75 MHz and 110 MHz, the larger undegestimates_oecur whg
the source is either a small horizontal electric dipole 1 m above the ground © all vertig
lopp (horizontal magnetic dipole) with a centre height 2 m above greung:

Al the frequencies of 243 MHz and 330 MHz, the larger ufideres when t
squrce is either a small vertical electric dipole or a small verticaNoop_with a centfe height 1
abhove ground.

A1 1 000 MHz, the larger underestimate occurs whe
cgntre height 2 m above ground.

4.5.5.2.2 Predictability at 75 MHz

Figure 23 shows polar plots of £ in the
the horizontal electric dipole placed 1

ground do not give the¢ bes ict i strength at high elevation angles. Therefor
Figure 24 show zan i of horizontally polarized E, in the Y-Z plan
reaching an £,

height of 4 m. In ca
off 10 m will unde

04 m height scan measurements of £, at a distan
E  at 73° elevation by almost 5 dB.

a pmall e at a height of 2 m above a “medium dry ground.”

E] field strength hes a maximum of over 142 dB(uV/m) in the vertical Y-Z plane. T
cqlculatedihgeight scan patterns in Figure 19 show that a vertically polarized measurement

5S

BN
al

ne
m

nd
bS

al

he
of

E] at a_horizontal distance of 10 m in the Z-X plane will reach a maximum of almg

i

of{ the radiation in the vertical direction.

st

138 dB(uV/m) at 1,2 m height. This underestimates by less than 5 dB the maximum strenﬂth

Column (4) of Table 14 summarizes the estimated errors to be expected in the predictability
radiation in vertical directions when based on measurements in height scans from 1 m to 4

of
m

at a horizontal distance of 10 m from each of the four sources operating at 75 MHz. Column

(1) lists the radiation sources and their heights. Column (2) lists the field components th

at

contribute the maximum field strengths in the vertical polar patterns, and the elevation angles

at which the maximum field strengths occur. Column (3) lists the field component that shou

Id

be measured in a linear height scan at a horizontal distance of 10 m to provide the best

estimates of the maximum field strengths.
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Table 14 — Estimates of the errors in prediction of radiation in vertical directions based
on a measurement height scan from 1 m to 4 m at known distances, d;
frequency = 75 MHz (adapted from [39])

M) @) (3) 4) (%) (6) (7) (8) 9) (10)

Source of Max. E, At hor. Estimated | Max. E, At hor. Estimated | Max. E, At hor. Estimated
radiation at angle, | d = 10 m, | prediction | at angle, | d = 30 m, | prediction | at angle, | d =300 m, | prediction
at height in 10 m measure error, at in 30 m measure error, at in 300 m measure error, at
polar plot | this field | d =10 m | polar plot | this field | d =30 m | polar plot | this field | d =300 m
Vertical E E 0dB E E =2 dB E E =17 5 dB
elecfric at 15,25° at 17,75° at 18°
dipole
at1m s
Vertical E, E, 0 dB E, E, -1dB E -16 [dB
electric at 8° at 12,75° ay13

dipole
at2m

Horizontal E, E, -5 dB E, E, -12 Ey -31,4dB
elecfric at 72,5° inY-Z at 67,5° inY-Z 62 inY
dipole inY-Z plane inY-Z plane @ in\Ysz pténe

at1m plane plane %@{e

HoriZontal E, E, ~1,5dB E, E s E, 26,4 dB
elecfric at 30° inY-Z at 28,75° inY-Z at 28)5° inY-Z

dipole inY-Z plane inY-Z lane 7 -Z plane

at2m plane plane H\ /\ plane

Vertical loop E, E, -0,5dB A Z Q&_S)ﬁ\/ E, E, -18dB
(horigontal at 17,5° in Z-X t 19,%5° in ¥X-X at 20° in Z-X

magnetic in Z-X plane mZ-X plan in Z-X plane

dipole) plane plane plane

at1m N

Vertical loop E, -4,5 E)\ -5,5dB E, E, -20,9dB
(horigontal at 90° 90< at 90° in Z-X

magnetic plane

dipole

at2m

Horifontal E 2,5 ?/ E —9dB E E 28,9 dB
loop |(vertical | at 37,5° »K at'36,75° | in Z-X at38,5° | inZ-x

maghnetic in Z-X in Z-X plane in Z-X plane

dipole plane plane plane

at1m

Horizontal - dB E E -6,5 dB E E -25,9dB
loop |(vertical at\27° \> at 2%,5" in Z}-X at 2}}5° in Z—X

magnetic < i . plan in Z-X plane in Z-X plane

dipole) pl plane plane

at2m

N

4.5.5,2:3~ Predictability at 110 MHz

110 MHz, around a small horizontal electric dipole placed 1 m above the ground. At a scan
radius of 10 m, E_reaches a maximum field strength of over 141 dB(uV/m) at an elevation
angle of 41°. The polar plots of E, in the Z-X plane show that vertically polarized
measurements near the ground will not give good guidance to high-angle field strength.
Figure 26 shows height scan calculations of £ in the Y-Z plane. At a horizontal distance of
10 m the magnitude of E_ reaches almost 139 dB(uV/m) at a height of 4 m, and a height scan
measurement of horizontally polarized E, therefore underestimates the maximum strength of
E_ at 41° elevation by less than 3 dB.

Figure 27 shows vertical polar plots of E, in the Y-Z plane and E, in the Z-X plane, around a
small vertical loop (horizontal magnetic dipole) placed at a centre height of 2 m above ground
and excited at 110 MHz. The maximum field strength reached at a scan radius of 10 m is the
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vertical £, component, 146 dB(uV/m) at an elevation angle of 40°. The height scan plots of E_
in Figure 28 show that at a horizontal distance of 10 m the magnitude of E_ is almost
144 dB(uV/m) at a height of 1 m, which underestimates the strength of £, at 40° elevation by
less than 2,5 dB.

Column (4) of Table 15 summarizes the errors expected in the predictability of radiation in
vertical directions based on measurements in height scans from 1 m to 4 m at a horizontal
distance of 10 m from each of the four sources operating at 110 MHz.
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Table 15 — Estimates of the errors in prediction of radiation in vertical directions based
on a measurement height scan from 1 m to 4 m at known distances, d;
frequency = 110 MHz (adapted from [39])

M) 2) (3) (4) (5) (6) (7) (8) 9) (10)
Source of Max. E, At hor. Estimated | Max. E, At hor. Estimated | Max. E, At hor. Estimated
radiation at angle, | d = 10 m, | prediction | at angle, | 4 =30 m, | prediction | at angle, |d = 300 m, | prediction
at height in 10 m measure | error, at in 30 m measure | error, at | in 300 m measure error, at

polar plot | this field | d =10 m | polar plot | this field | ¢ =30 m | polar plot | this field | d =300 m
Vertical E, E, 0dB E, E, -1,5dB E, E, -17,5dB
electric at 13.5° at 15,25° at 15.25°
dipole at 1 m
Vertigal E, 1 -1dB E, E, -0,5dB E, E, -15;4 dB
electfic at 36,5° at 10,75° at 11°
dipolp at2 m (
HoriZontal E, E, -2.5dB E, E, -9,5dB x\\ Ep -29(dB
electfic at 41° inY-Z at 40° inY-Z 75° \E
dipole at 1 m inY-Z plane inY-Z plane in\Y- plane
plane plane lahe
HoriZontal E, E, -0,5dB E, E, -4,5dB ” ED -23,9dB
electfic at 20° inY-Z at 19,25° inY-Z at 25 4
dipolp at 2 m inY-Z plane inY-Z plane in\Y-z plane
plane plane lane
Vertital loop E, E, -2 dB E E > 5\uB\ E, -19dB
(horigontal at 90° in Z-X at 9VO° in Z-X at 99° in Z-X
magnetic plane lane plane
dipolg)
at1mh
Vertifal loop E E, -2,5dB - —2\,5’d E, E, -17,4 dB
(horikontal at 40° in Z-X t 48 in X at47,5° | inZ-x
magnetic in Z-X plane Y-Z lan inY-Z plane
dipole) plane plane plane
at2m
HoriZontal E E -1,5 E -8 dB E E -27 dB
loop |(vertical | at 31),)75° in ZV-<\(dB\ 3Y1° at 6}}1° in Z—X
magnetic in Z-X plane in Z-X plane
dipole) plane plane plane
at1m
Horifontal E 0,5\dB \%/ E -4 dB E E —23/dB
loop fvertical | at 19,2 i b}\{/\ g\,\ at185° | inZ-x at18.25° | inZ-x
magnetic in Z-X plane iwrzZ-X plane in Z-X plane
dipole) plane plane plane
at2m
4.5.5.2.4 Predicta }z\@nm
Figure 2%<sho lar plots of E, and E, in the Z-X plane, at 243 MHz, around the
small vertica le placed at a centre height of 1 m above ground. At a scan radipis
off 10 m thepmaxi field strength of almost 144 dB(uV/m) is contributed by E, at an
elpvation.angle of 33,75°. Calculations of the vertical field component £, in a height scan frgm
1m to.4m at a horizontal distance of 10 m produce a peak magnitude of almgst
143 dB(uV/m) at a measuring height of 1,65 m, as shown in Figure 30. This underestimatges
thie'maximum field strength by only 1 dB.

Figure 31 shows vertical polar plots of E_in the Y-Z plane and E, in the Z-X plane, around the
small vertical loop placed at a centre height of 1 m above a “medium dry ground.” It can be
seen that, at a scan radius of 10 m, the maximum field strength of more than 159 dB(uV/m) is
reached by E_ at an elevation angle of 36,25° in the Z-X plane. The calculated E_ height scan
patterns shown in Figure 32 produce a peak field strength of 157 dB(uV/m), at 10 m horizontal
distance and a height of 1,65 m. This underestimates the maximum E_ by approximately

2,5 dB.

The vertical polar plots of horizontally polarized E-field emitted at 243 MHz by a small
horizontal loop placed at a height of 1 m above a “medium dry ground” are shown in
Figure 33. The peak of the major lobe, nearest the ground, occurs at an elevation angle of 17°
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and is therefore reached at a height of 2,9 m at a horizontal distance of 10 m. The height scan
plot at a horizontal distance of 10 m in Figure 34, which is of E_ in the Z-X plane in
this example, underestimates the maximum field strength in a vertical polar scan by less
than 0,5 dB.

Column (4) of Table 16 summarizes the errors expected in the predictability of radiation in
vertical directions based on measurements in height scans from 1 m to 4 m at a horizontal
distance of 10 m from each of the four sources operating at 243 MHz.
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Table 16 — Estimates of the errors in prediction of radiation in vertical directions based

frequency = 243 MHz (adapted from [39])

on a measurement height scan from 1 m to 4 m at known distances, d;

(1 (2) (3) (4) (3) (6) (7) (8) 9) (10)
Source of Max. E, At hor. Estimated | Max. E, At hor. Estimated | Max. E, At hor. Estimated
radiation at angle, | d = 10 m, | prediction | at angle, | d = 30 m, | prediction | at angle, | d =300 m, | prediction
at height in 10 m measure | error, at in 30 m measure | error, at | in 300 m measure error, at

polar plot | this field | 4 =10 m | polar plot | this field | ¢ =30 m | polar plot | this field | 4 =300 m
Vertical E E =1dB E E =05 dR E E =16 dB
electfic at 33,75° at 10,5° at 10,5°
dipolg at 1 m
Verti¢al E, E, -0,5dB E, E, -0,5dB Z E, -13dB
electfic at 18,25° at 18,25° at W
dipolg at2 m
Horizontal E, E, -0,5dB E, E, -4 dB -22,9dB
electfic at 17,5° inY-Z at 17,5° inY-Z
dipolg at 1 m inY-Z plane inY-Z plane

plane plane
HoriZontal E, E, 0dB E, E, —0,5\1& —17B
electfic at 9° inY-Z at 8,75° inY-Z
dipolg inY-Z plane inY-Z pla
at2m plane plane s
Vertigal loop E, E, -2,5dB dB E, -17 dB
(horizontal at 36,25° in Z-X 6 >at 36,5° in Z-X
magrjetic in Z-X plane in Z-X plane
dipolg) plane \_)/ plane
at1m
Vertigal loop E, -2,5dB -3dB E, E, -15dB
(horizontal at 70,5° in Z X at 69° in Z-X
magrjetic inY-Z plane inY-Z plane
dipolg plane \(\ plane
at2m
N

Horizontal ,5d E E -3,5dB E E -22,4dB
loop [vertical at 6),}7 in i}-X at 16y,75° in i—X
magrjetic in plane in Z-X plane
dipolg) ne plane
at1m
Horizontal \t)\@/ £, E 0 dB E, E —17jB
loop [vertical at875° | inZ-x at875° | in Z-x
magrjetic in Z-X plane in Z-X plane
dipolg) plane plane
at2m 4

to 4 m at 10 m horlzontal distance produce a peak magnltude of almost 146 dB(uV/m) at a
measuring height of 1,45 m, as shown in Figure 36. This underestimates the maximum field
strength by less than 2 dB.

Figure 37 shows vertical polar plots of E_in the Y-Z plane and E, in the Z-X plane, around the
small vertical loop placed at a centre height of 1 m above a “medium dry ground.” It can be
seen that, at a scan radius of 10 m, the maximum field strength of almost 167 dB(uV/m) is
reached by E_ at an elevation angle of 69° in the Y-Z plane. The calculated E, height scan
patterns in the Z-X plane shown in Figure 38 produce a peak magnitude greater than
162 dB(nV/m) at 10 m horizontal distance, measured at a height of 1,45 m. A height scan
measurement of the vertical E, field therefore underestimates the maximum strength of the
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radiation in vertical directions, the horizontal polarized E, at an elevation angle of 69°, by
approximately 4,5 dB.

It is interesting to observe the vertical polar plots of horizontally polarized E-field emitted at
330 MHz by a small horizontal loop placed at a height of 1 m above a “medium dry ground,”
shown in Figure 39. The peak of the major lobe, nearest the ground, occurs at an elevation
angle of only 12,75°. It is therefore measured at a height of only 2,2 m at a horizontal distance
of 10 m, see Figure 40. Thus, there is virtually no error in this example of the estimation of
maximum field strength at elevated angles.

Column (4) of Table 17 summarizes the estimated errors in the predictability of radiatign,|in
vgrtical directions based on measurements in height scans from 1 m to 4 m at a horizonfal
diptance of 10 m from each of the four sources operating at 330 MHz.
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Table 17 — Estimates of the errors in prediction of radiation in vertical directions based
on a measurement height scan from 1 m to 4 m at known distances, d;

frequency = 330 MHz (adapted from [39])

M (2) (3) (4) (5) (6) (7) (8) (9) (10)
Source of Max. E, At hor. |Estimated | Max. E, At hor. |Estimated | Max. E, At hor. Estimated
radiation at angle, | d = 10 m, | prediction | at angle, | d = 30 m, | prediction | at angle, | 4 =300 m, | prediction
at height in 10 m measure | error, at in30 m measure | error, at | in 300 m measure error, at

polar plot | this field | d =10 m | polar plot | this field | ¢ =30 m | polar plot | this field | d =300 m
Vertical E, E, -2 dB E, E, -0,5dB E, E, -15dB
elecfrtc dl £ dl £ dl J
dipole
at1m
Vertigcal E, E, -0,5dB E, E, 0dB E, E, -11,9dB
elecfric at 27,25° at 5,75° at &
dipole
at2m
Horizontal E, E, 0dB -2 dB -20dB
elecfric at 13° inY-Z in %Z
dipole inY-Z plane la
at1m plane
Horizontal E, B, 0dB BN }N B, ~14,5 dB
elecfric at 6,5° inY-Z at §,5° inY-Z
dipole inY-Z plane in plane
at2m plane 7 e
Vertical loop E, E, -4,5 dB < dB E E, -17,%dB
(horigontal at 69° in Z-X > at 68° in Z-X
magnetic inY-Z plane inY-Z plane
dipole) plane plane
at1m
Vertical loop E, E, -2,5dB D -2,5dB E, E, -12,4dB
(horigontal at 66,75° in Z-X ° Ing- at 66° in Z-X
magnetic inY-Z plan in Y- > plan inY-Z plane
dipole) plane ne plane
at2m [\ ~
Horizontal E E dB E E -2 dB E E -20(dB
loop |(vertical | at 12’,}7 in X-X @ in 2-X at 15,5° in 2-X
maghnetic in Z- plake n plane in Z-X plane
dipole) plane <\ pkane plane
at1m h
Horifontal E % E E 0dB E E ~14,4 dB
loop|(vertical | at ° iNZ- at 6y,5° in 2-X at 6),}5" in i—X
magnetic iZ- plane in Z-X plane in Z-X plane
dipole) plane plane plane
at2m /] \
4.5.5.2.6 Predictability at 1 000 MHz
Figures 2040 22 show vertical polar plots of £, and E,, at 1 000 MHz, around a small vertidal
lopp placed at a centre height of 2 m above ground. At a scan radius of 10 m over a “mediym
drly-ground” the maximum field strength of 187 dB(uV/m) is contributed by the horizontally
palarized F‘ at an elevation angle of 77 5° in the Y-Z plane Calculations of the vertica ly

oriented E, fleld in a height scan from 1 mto 4 m at 10 m horizontal distance in the Z-X plane
produce a peak field of almost 184 dB(uV/m) at a height of 3,2 m, as shown in Figure 22.
A vertically polarized height scan measurement therefore underestimates the maximum field
strength by approximately 3 dB.

It is interesting to observe the vertical polar plots of horizontally polarized E-field emitted at
1 000 MHz by a small horizontal loop placed at a height of 1 m above a “medium dry ground,”
shown in Figure 41. The peak of the major lobe, nearest the ground, occurs at an elevation
angle of only 4,25°. Shown again in Figure 42, it occurs at a height of 0,74 m at a horizontal
distance of 10 m, and therefore will not be measured in a 1m to 4 m height scan
measurement. The next grating lobe is encountered at a height of 2,3 m, and its measurement
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contributes to an underestimate of less than 0,5 dB to the prediction of maximum field
strength of the major (lower) lobe.

Column (4) of Table 18 summarizes the errors estimated for the predictability of radiation in
vertical directions based on measurements in height scans from 1 m to 4 m at a horizontal
distance of 10 m from each of the four sources operating at 1 000 MHz.

@%
S
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Table 18 — Estimates of the errors in prediction of radiation in vertical directions based

frequency =1 000 MHz (adapted from [39])

on a measurement height scan from 1 m to 4 m at known distances, d;

M (2) (3) (4) (5) (6) (7) (8) (9) (10)
Source of Max. E, At hor. |Estimated | Max. E, At hor. |Estimated | Max. E, At hor. Estimated
radiation at angle, | d = 10 m, | prediction | at angle, | d = 30 m, | prediction | at angle, | 4 =300 m, | prediction
at height in 10 m measure | error, at in30 m measure | error, at | in 300 m measure error, at

polar plot | this field | d =10 m | polar plot | this field | ¢ =30 m | polar plot | this field | d =300 m
Vertical E, E, -0,5dB E, E, 0dB E, E, -9,5dB
elecfffic at 17,5 at 4 at 3,75
dipole
at1m
Vertigcal E, E, -0,5dB E, E, 0dB E -5 dB
elecfric at 17,75° at 2° a
dipole
at2m (\
Horizontal E, E, -0,5dB E,. E, 0dB E, -11dB
elecfric at 4,25° inY-Z at 4,25° inY-Z ,25% in Y3
dipole inY-Z plane inY-Z plane inYZ e
at1m plane plane <\ ane
HoriZontal E, E, 0 dB E, E, h\a\ E, —5,5dB
elecfric at 2,25° inY-Z at 2,25° in YAZ at 2,25° inY-Z
dipole inY-Z plane inY-Z pldne ny plane
at2m plane plane F\ A plane
Vertical loop | £, E, —2,5dB - /N B N E, ~9,5|dB
(horigontal at 64,5° in Z-X at 64 in\Z-X at 4° in Z-X
maghnetic inY-Z plane i Y- plake in Z-X plane
dipole) plane ne plane
at1m
fa

Vertical loop E, E, -3 dB EN -1,5dB E, E, -5 ¢B
(horigontal at 77,5° in Z- at\/7,282 at 2° in Z-X
magnetic inY-Z plane N2 in Z-X plane
dipole) plane ptan plane
at2m Q
Horifontal E, \&’/ 0dB E, E —11jB
loop|(vertical | at 4,25 i at4,25° at 4,;25° in i}-X
magnetic in Z-X plane iwrzZ-X in Z-X plane
dipole) plane plane plane
at1m
Horizontal Ey E 0 dB Ey E -5,5|dB
loop |(vertical i AX at225° | inZ-x at225° | in Z:x
maghnetic an in Z-X plane in Z-X plane
dipole) < plane plane
at2m

4.5.5.3 Predictability based on height scan measurements near real ground

af an unknown distance, greater than 10 m, from the radiation source

Hereywe can answer the second question posed in 4.5.3. This measurement situation |is

building containing ISM equipment that is located at an unknown distance inside the building.
As mentioned earlier, we do not consider here the attenuation that may be introduced by
intervening building materials.

Calculations have been made of vertical polar patterns and linear height scan patterns at
distances of 30 m and 300 m. The reader will have already seen that patterns for those
distances have also been included in the figures.

The figures, together with the comprehensive summaries presented in columns (7) and (10) of
Tables 14 to 18, show that the predictability of fields at elevated angles based on height scan
measurements near real ground becomes more prone to underestimation as the horizontal
measuring distance increases beyond 10 m, especially at the lower frequencies.
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Underestimation can become very large at a distance of 300 m. At the lower frequencies
underestimates can reach more than 30 dB at that distance when the source behaves as a
small horizontal electric dipole. The underestimates for both horizontally and vertically
polarized fields occur in spite of the significant contributions that can be made by surface
waves at the lower frequencies near 30 MHz [40]. Predictability improves as the frequency
increases, primarily because at higher frequencies the surface wave contributions decrease
and the maximum field strength measured in the height scan is created by the sum of the
direct and reflected space wave components (the sum is sometimes called, somewhat
misleadingly, the “ground wave”). The contributions of the space wave signals increase at
lower elevation angles as more grating lobes form with increasing frequency.

—

It|lis particularly important to recognize that, at horizontal distances of 30 m and more, the
worst-case underestimations of the maximum levels of field strengths at glevated angles Wwill
génerally occur when the fields are horizontally polarized. This is very, nfortu ate;, because
the signals for the ILS (marker beacons, localizer, and glide pat 1) are gll

hgrizontally polarized transmissions and therefore require the m
hgrizontally polarized disturbances.

The figures also provide guidance to the rates of cha e.
Calculations and measurements made at a constant hei VQIANDE 5 ne

mpximum rate of change of the fields with distance/€an~a 2 ; ly

is
idld

to] be expected at a constant measurjng he|
in simple proportion with

st engths anng radlal paths at conStant e

Therefore it is to be expected that the fiehdds m he ground (the so-called “ground
waves”), in general, will attenuate mg t creasing distance than do the fields
from the same source which_are propagati i Q_iNto space.

If[the horizontal dista i ight_scan) measurements are made in situ are not
known, very large errg ) ] rUnderestimates — in the predictability of the

strength of radiaion i a1 all four types of source and at all frequenci
from 75 MHz to @*4

11%
(7]

45.5.

In| i he
us ion
of S.
Thus, if a~mea em|SS|ons is made in SItu from a Group 2 Class A ISM equmemt
in of
2,

The obvious risk with fixed height measurements is that a measurement will be made at a n{ll
in| the “field strength pattern. The risk of this happening is increased if the electrical height
ahove. grnnnd of the radiation centre of the source increases for nvampln with inhrnnci1g
frequency — which contributes to the formation of an increasing number of grating lobes, and
hence nulls. A few examples of the effects these nulls can have on a measurement made at a
height near 3 m (or any other fixed height) are shown in several of the figures.

For example, Figure 22 shows that, depending on the type of ground over which the
measurements are made, at a horizontal distance of 10 m from a small vertical loop source
located at a height of 2 m, the measured vertically polarized field strength at 1 000 MHz might
vary by more than 6 dB for measurements made somewhere in the height tolerance range of
2,8 m to 3,2 m, and that at 30 m horizontal distance a measurement made at 3 m height is
also close to a null.
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Figure 40 shows that a horizontal distance of 10 m from a small horizontal loop source

located 1 m above ground with the measured horizontally polarized field strength

at

1 000 MHz might vary by more than 12 dB in the CISPR measurement height tolerance range
from 2,8 m to 3,2 m. It also shows how the field strength can vary with distance in an
apparently anomalous manner when measurements are made at a fixed height. Note that at a

height of 3 m, the field strength at 30 m distance is the same as the field strength at 10
distance. At other heights, the field strength at 30 m distance becomes greater than that
10 m distance.

m
at

Comparison of the height scan curves in Figure 43 with those in Figure 40, at 1 000 MHz,

shows that as the small horizontal loop source height varies between 1 m and 2 m, deep pu
will pass through the measuring height of 3 m at horizontal measuring distance of 10.m.a

30 m. These effects can be encountered at greater horizontal measuring distagces and-low

frequencies if the height of the radiating source is increased.

W
pr
sh
S8

H
cd
m
heé

Is
hd
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HORIZONTAL LOOP
SOURCE
HEIGHT

SCAN

PATH GROUND

Scan distance = 300m 30m

| /

Height, metres

1
K
LN

15\0,( 0,0 170,0 180,0 190,0
E-field strength, dBuV/m

G&

FRE( NCY =1 000 MHz

IEC 830/2000

; loop height 2 m; dipole moment 1 A-m2; horizontal
Hz; ground constants: ¢ = 15, 0 = 35 mS/m; Z-X plane

patterns of horizontally polarized E-field strength
ted from small horizontal loop
(vertical magnetic dipole)

4.5.6 Differen

as between the fields over a real ground and the fields over a perfect
conductor

4,5.61 ‘General

There are significant differences between the field distributions above a real earth plane and
over a perfect conductor. There are several reasons for the differences, not the least
being that the reflection factors for both polarizations over a perfect conductor always have
a magnitude of unity at all angles of incidence, whereas over real ground they have a
magnitude less than unity except at grazing incidence. In addition, for vertically polarized
waves over a perfect conductor there is no Brewster's angle, or expressed in another way, at
all reflection angles a vertically polarized image in a perfect conductor is always in phase with
the vertically polarized source above the conductor. This contrasts with the situation of
vertically polarized waves impinging upon a lossy dielectric such as real ground, where
reflections taking place below Brewster's angle experience a large phase change, and the
image can be visualized as being in approximate anti-phase with the source. It should also be
observed that the reflection factor for a vertically polarized wave reflecting at Brewster's angle
has a very small magnitude for most types of real ground encountered in practice.
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The behaviour of the fields above a metal ground plane compared with the fields over an
earthen ground plane is discussed at length in [40]. The brief discussion below, derived from
[40], serves to provide an answer to the fourth question posed in 4.5.3.

4.5.6.2 Vertically polarized fields over a perfect conductor

The contribution of the vertically polarized surface wave over real ground can be significant.
However, it cannot increase the total field strength created by a small vertical electric dipole
over real ground to equal the strength of the fields created by the same vertical dipole
moment over a perfect conductor. Figure 44 displays the vertical components of the fields
emitted at 30 MHz from a small vertical electric dipole situated 1 m above a "medium-dry
ground,” calculated using NEC and SOMNEC to include the surface wave, compared with-the
figlds calculated over an almost perfect conductor (in this case annealed ceopper).

Comparisons of the fields over real ground with those over the gog¢d cond how why
vgrtically polarized measurements at 30 MHz on a measuring S|te metal ‘ground plane
a not comparable with measurements made on sites plangs
Specifically, they show why measurements of vertically polafized\d ade on|a
metal ground place for comparison with field strength dist ped for eanth

sifes may penalize the equipment under test (EUT). The f
plane can exceed the limits, even when the fields fro an earthen ground
plane are comfortably below the limits. The compayiso S 5 Ny calculations of the
vagrtically polarized fields created at 30 MHz over & erfc cahdictorer’a metal ground planie,
for a given dipole moment, are a bad i i i achievable for the fields
created at elevated angles by that dipols ground. If the fields over the
ggod conductor are mistakenly belie i gver a real ground, they will
erjcourage a false sense of confidence tha 3 aSurements over real ground will
give good guidance to the field strengtlis to be expectedat elevated angles.

In| Figure 45, the height scan i components of the E-fields emitted frdm
the small vertical dipg , just as was the case at 30 MHz, the
vgrtically polarized fi : \ ean a~wmetal ground plane at 1 000 MHz are mugh
stronger than th ¢ jum dry ground.” The same conclusions whi¢ch
were reached a\{% regarding the possible penalties imposed on an EU[T,
when the disturb : aymetal ground plane site are compared with figld
strength disturbanee of earth sites, also apply at a frequency of 1 000 MHz.
Similarly, it can Be s&en ! 45 fhat at 1 000 MHz the patterns of the vertically polariz¢d

figlds over a n dyplane are a bad guide to the predictability of the fields created |at
elpvated angles b S

T}Le heigh 3 in Figure 45 also clearly illustrate the effect of the phase reversal [of
thi vertical digole i age in a lossy dielectric when reflection take place below Brewste

angle. The dashed. hgrizontal line across the height scan pattern for 10 m distance shows the
height to the' field point, approximately 1,6 m, which corresponds with a reflection taking plage
af| Brewster's angle when the source is 1 m above the “medium dry ground.”

In Figllrn 45 it is quifn clear that at 10 m distance the field nulls and maxima at hnig ts
greater than 1,6 m above both the copper ground plane and the “medium dry ground” are in
phase, signifying that the images in the two kinds of ground planes have similar phases when
reflection from the real ground takes place at elevation angles above Brewster's angle.
However, it is also quite clear that vertically polarized waves reflected below Brewster's angle
over the “medium dry ground” are reversed in phase with respect to the corresponding
reflected waves over the copper ground plane. In other words, the vertical image in the lossy
dielectric is reversed, producing destructive interference (a null) at the surface of the “medium
dry ground” whereas constructive interference (a maximum) occurs at the surface of the
copper ground plane (the direct and reflected path lengths being the same in both cases).
With the vertical dipole source at a height of 1 m, a maximum occurs in the field at 10 m
distance at a height of 0,75 m above the “medium dry ground”, whereas a very deep null
occurs at that height over the copper ground plane (the direct and reflected path lengths differ
by 4/2 in both cases).



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

TR CISPR 16-3 © IEC:2010(E) -89 -

The height scans at 30 m and 300 m, up to a height of 6 m, take place below Brewster's
angle. Maxima in the height-scanned fields over the metal ground plane therefore coincide
with minima in the fields over real ground in both those height scans. This is largely the
reason why it shall not be believed that the height scanned vertically polarized fields
calculated over a good conductor will resemble those over real ground, especially at the
larger horizontal distances. Such a belief will create false confidence that measurements
made near real ground, without regard for the horizontal distance from the source, can give
good guidance to the field strengths to be expected at elevated angles.

@%
S
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4.5.6.3 Horizontally polarized fields over a perfect conductor

Although the contribution of the horizontally polarized surface wave over real ground at
30 MHz is small, nevertheless the height scan patterns in Figure 46 show that the horizontally
polarized fields near the “medium dry ground” are stronger in this case than
the corresponding fields near the copper ground plane.

In both cases a null is required in the vertical field pattern at the ground, to satisfy the
boundary condltlons and the null |s deeper |n the copper ground plane example This

measurements of horizontally polarized fields made on a metal ground plane for comparison
with radiated disturbance limits developed for earth sites may slightly favour the EUF when
measuring for compliance with the limits.

In| Figure 47, the height scan patterns of the horizontally polagris iel i at
1000 MHz from the small horizontal electric dipole show that at height i ¢ m
and more, with no useful contribution from the surface wayée g M i ly
pglarized fields over a “medium dry ground” are very similar nd
plane. The similarity of magnitude in regions of constru N ne
similar reflection factors (magnitudes close to unity) 9 ) of
reflection. At higher reflection angles, and a shorie he
mAxi pla e € ceed those over an
es he
be ne
Cq

The behawour of the horlzontally pdglarized ot
cq nd
al ne
cq 8ome small differences in field strengths
are created over real [ground compa e over a metal ground plane at the lower
frequencies by the pr B0 e s _wave over a real ground. Differences are al$o
created at shor 3 gher frequencies at which the surface wave |is
ingignificant, bec itude e’horizontal reflection factor decreases below unity

ag the waves reflect iQ opr the earth plane.
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4.5.6.4 Fields over a perfect conductor as guides to the fields over real ground

We can now answer the fourth question raised in 4.5.3.

In summary, the horizontal polarized field patterns created over real ground at frequencies of
30 MHz and above resemble the corresponding patterns over a metal ground plane. There are
some differences of a few decibels in field magnitudes. At the lower frequencies some small
differences are also created by the existence of the surface wave over a real ground. At the
higher frequencies the f|eld strength d|fferences at short measurmg distances are caused by
d
when reflection takes place at angles significantly above grazing incidence. ConstrucCtiye

F:

H bd
fig ly
crl bS
fr w
B re

ost notably at t
na is the main reas¢n

pr
syrface of the ground plane. This contrapositioning

why the height scanned vertically polarized fields~ca ot
bg assumed to resemble those over real group S i : i i §]
when reflection take place near grazifng incidé . ot i Ce
encourages false confidence that measuremen sal g , Wi he
hgrizontal distance from the source, g be
eXpected at elevated angles.

Vertically polarized field patterng ‘ plane do not resemble the shapes and
mpgnitudes of the verfi ize 5
oVyer a real ground.

45.7 Uncertai

T % e
ranges of uncertaintie ‘ ili iati i at
fr quenmes 3 ing
th & G :n
predicticgas o f gths at elevated angles are based on E-field measurements in 1|m
to]4 m heigh NS 8 izontal distances of 10 m, 30 m and 300 m.

Figure 48(llustrates”the uncertainties in predictability based on measurements made at|a
hgrizontal-distance of 10 m. The bar for the uncertainty range at 330 MHz shows that the begst
predictability at 330 MHz is obtained when the source behaves as either a small horizon{al
di ole (dh) or as a small horizontal loop (I ) There is nominally zero error predicting the

330 MHz results in an underestimate of approxmately 4,5 dB for the maximum horizontally
polarized field E,, emitted at elevated angles from a small vertical loop (Iv).

When measurements are made in a height scan at a horizontal distance of 30 m, the bar for
the uncertainty range at 110 MHz in Figure 49 shows that the best predictability at 110 MHz
occurs when the source behaves as a small vertical dipole (dv). There is a negligible
underestimate, by 0,5 dB, predicting the £, vertical component of the vertically polarized field.
The poorest predictability at 110 MHz produces a greater underestimate, by 9,5 dB, of the
horizontally polarized E,, field emitted at elevated angles from a small horizontal dipole source
(dh).
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Figure 50 graphically illustrates the very large uncertainties in predictability that occur if the
horizontal measuring distance is as great as 300 m. At 243 MHz, the bar illustrating the
uncertainty range shows that the poorest predictability at 243 MHz introduces a very large
underestimate by 22,5 dB for the horizontally polarized E,, fields emitted at elevated angles
from a small horizontal dipole (dh) and from a small horizontal loop (lh). The best
predictability at 243 MHz also produces a large underestimate, by 13 dB, of the vertical E,
component of the vertically polarized field emitted at elevated angles from a small vertical
dipole (dv). Figures 49 and 50, in particular, graphically illustrate the very Ilarge
underestimates which can occur when attempts are made to predict the strength of radiation
in vertical directions based on measurements near the ground at unknown horizontal
diptances greater than 10 m from the Sources.

75 MHz 110 MHz 243 MHz 330 MHz
Over- L ' l
estimate
E, (dv) E, (dv) E, (dh) E, (dh)&(lh)
Uncertainty, 0 0 0 1 0
dB i I '
-2,5 -2,5
5L 5 En (V)&(dh) E, & E, (Iv) &
Under- E, (dh) Ey
estimate
o b

IEC 835/2900

NQTE The predictability is based on measurements of the ally and vertically polarized E-fields in a height

schn from 1 m to 4 m at a horizontal distance af 10
chprt can be interpreted. At 243 MHz, the bak sh
obtained when estimating the pfaxin um F

frgm a source behaving as a s
bylas much as 2,5 dB, can ¢«

. The following example shows how the i
predictability, with nominally zero error,

strengths of the horizontally polarlzed Ep, fields a

th
s

mitted at elevated angles from a source behaving ag

ar
is
les
te
hd
a
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o 75 MHz 110 MHz 243 MHz 330 MHz 1000 MHz
ver- | i 1
estimate E,, @) E, (@)
E, (h) E, (h) E, (dh) & (Ih)
Uncertainty, 0
dB 0 -1 -0,5 A log frequency
E, (dv) @E, (dv) 4 35 . IY
5 - E. (ch) E, (V) n ™)
-10 |- 9.5
Under-
estimate -12 En (dh)
1-4 m height scan at 30 m horizontal dista
a5 L E, (dh)

NQTE The predictability is based on measurements of the horizontally and

schn from 1 m to 4 m at a horizontal distance of 30 m from the sources. The O||0WI g \eXaw pIe

chiprt can be interpreted. At 330 MHz, the bar shows that the best prédj

obtained when estimating the maximum strength of either the horizo
angles from a small horizontal loop (Ih) or the E, vertical compopen
el¢vated angles from a small vertical dipole (dv). But at 330 M
underestimate by as much as 3,5 dB when predicting the strengf

maximum field emitted at elevated angles

(Reproduced from [39])

from a

small

vertical loop

ight

ar

,|is

at
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o 75 MHz 110 MHz 243 MHz 330 MHz 1000 MHz
ver-

estimate S

dB 0 = log frequency
E, (dv)&(lv)
5 - 5

N

e
ch
un|
co|
lo
wh
SO

4.5.8

C
an

dip

11,5 11

V
V
E & (Ih
sLE @ B @) 13 (h)
-16 -15,5
-20 -20
225

E, (dh)&(h

Under-

estimate
25 |- E, (dh)&(Ih)

-29

IEC 837/2

art can be interpreted. The bar at 1 000 MHz show 3 ictability at that frequency, which is
derestimate by as much as 5 dB, will be obta R c¢ting the maximum strength of the £, verti

T
p
r

b
n

e largestunderestjrates of the fields at elevated angles will generally occur for horizonta
larizedfields. This is a cause for concern, because the aeronautical safety of life servic
uiring-greatest protection from disturbances originating at the ground are those provid
the. horizontally polarized marker beacon, localizer, and glide path signals of the aern

)

in
bd

ly
BS
bd

utical I1 S

Under some conditions, measurements are specified in CISPR 11 at a fixed height of 2,0 m.
Measurements at a fixed height should not be specified if they are being made to determine
protection for specific safety services. There is a risk that fixed height measurements will be
made in, or close to, a null. The risk increases at the higher frequencies and when the height
to the radiation centre of the source is unknown. Fixed height measurements can seriously
underestimate the true field strength near the ground and, in consequence, the maximum field

st

rength at elevated angles.

Calculations or measurements of the field strength patterns of vertically polarized fields over a
perfect conductor or metal ground plane do not provide good guidance to the fields to be
expected over a real ground. At reflection angles below Brewster's angle over real ground the
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field minima and maxima are contraposed with those created by the same source over a metal
ground plane.

To provide protection for aeronautical safety of life services, and other communication
systems, height scan measurements and limits for radiated disturbances from in situ ISM
equipment located near the ground shall be specified at a known horizontal distance from the
equipment. Height scan measurements at a horizontal distance of 10 m from an ISM
equipment in situ allow accurate estimates to be made of the fields emitted at elevated
angles. If for practical reasons the in situ measurements shall be made at a distance greater
than 10 m from the equipment which is the source of the radiation then the limits at the larger
digtance, particularly if it is more than 30 m, shall be derived from the 10 m limits by adjusting
them in inverse proportion with increasing distance squared. This shall be so in order’'fto

A Range of application

This subclause considers the vertical radiation patterns of ic
(H) fields emitted at frequencies up to 30 MHz from el to
the surface of real homogeneous plane ground, for ilfty
off radiation in vertical directions based on measuré ar
the ground.

The vertical radiation patterns of the fi z i m
various electrically small sources, and the s of the fields at greater distances haye
bgen calculated so that the field vari § s¢ can be quantified. In this way,|a
ggneral knowledge has been obtained S e vertical radiation patterns, showing
the magnitudes of the fie d compared with the magnitudes of the figld
cqmponents at elevat ¥ which the relative magnitudes can be

expected to vary with

The sources co
in[the frequency rang

dll balanced electric and magnetic dipoles excit¢d
. For the purposes of the subclause, an electrically

small source is def rgest linear dimension is one-tenth or less of the frege
space wavelengthat the ofinterest.

This subc sthe effects on the vertical radiation patterns of locating the
electrically sources\close to real grounds having several different values of electridal
cqnductivity i icconstants [43], [44], and includes the special case of a ground that

bgehaves as a ¢

The possiblé effects on the vertical radiation patterns produced by walls, buildings, reinforcg¢d
cqncrete~structures, and the like, in the vicinity of the sources, and the effects on waye
p pagatlon near the ground that could be produced by changes with dlstance of the eIectrlcaI

and so on, are not W|th|n the scope of thls subclause. It is important to note, therefore, that
the errors in predictability that may be produced by such effects have not been considered.

4.6.2 General

CISPR 11 sets limits for the electromagnetic disturbances emitted near the ground from
industrial, scientific and medical (ISM) radio-frequency equipment. The limits are intended to
provide protection of the reception of radio services. At frequencies below 30 MHz the limits
apply to the horizontally oriented components of the H-fields emitted by the ISM apparatus.
For measurements on a test site, the limits apply at a distance of 30 m from the source. When
measurements are made in situ the distance to the measurement point is defined as 30 m
from the exterior wall outside the building in which the ISM equipment is situated; the distance
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from the source is not defined. Measurements are to be made with a vertically oriented loop,
the base of which shall be 1 m above the ground.

It is acknowledged in CISPR 11 that many aeronautical communications require the limitation
of vertically radiated electromagnetic disturbances, and that work is necessary to determine
what provisions may be required to provide protection of such systems.

The aeronautical radio services to be protected may be either horizontally or vertically
polarized transmissions. Thus, the field components at elevated angles, emitted from potential

interference sources located near the ground, that are of interest in a study of field strenagth
priedictability include the vertically and horizontally oriented H- and E-field components.

In| this subclause the judgements of predictability of radiation in vertical irect Qns-are based
of s
eni or
\:

A re
Si ied
fr igs,
né in
th of
3( in
w ts
af e
es m
th

In -figld
cqnditions as the wayelength ied, requency range 100 kHz to 30 MHz the
electrical behaviour of|real g ies. geneftal, real ground has the characteristics off a
lopsy conductor aklo i and\the characteristics of a lossy dielectric at the highler
fréquencies. M < aleCtrical constants of real ground can vary widely;
they may range typica 2 ivity of 10~4 S/m and relative permittivity of 3 to|a
cqnductivity of 10— e \permittivity of 30 [43], [44]. Even this wide range [of
vdlues of the grognad S ot encompass all of the values that may be encountergd
in

The subgfau e\ limitations of the predictability of radiation in vertical directions. |In
particulansit id ti ies. the)critical importance of a knowledge of the precise measurement
distance — thegactual distance between the source and the field measuring point near the
ground — if itsis be possible to make predictions of the radiated field strengths at elevated
angles with a’known margin of error.

Slibclause 4.6 indicates the ranges of magnitude of the significant errors in predictability that
celn still occur when the precise measurement distance over real ground is 30 m from the

sources, and the large errors that can arise from the approximation that the influence of real
ground can be determined by assuming it behaves like a perfect conductor. It also shows how
magnitudes of the errors in predictability above real ground may be reduced, although they
remain significant, by supplementing measurements of horizontally oriented H-fields near
ground with height scan measurements of vertically oriented H-fields at heights up to 6 m,
when the measurements are made at a distance of 30 m from the sources.

4.6.3 Method of calculation of the vertical radiation patterns

The H- and E-field vertical radiation patterns in this subclause were calculated using a Method
of Moments computer code known as the Numerical Electromagnetics Code (NEC) [35]. A
double precision version, NEC2D, with the companion code SOMNEC2D, was used. NEC with
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SOMNEC allows the Sommerfeld integral evaluation of the field interactions at the air-ground
interface [36] to be included in the determination of the E-fields above real grounds.

In the version of the NEC codes that were first released for public use, a section of code for
calculation of the near H-field in the presence of real ground was omitted, which can lead to
large errors in the H-field calculations [45], [46]. In the version of NEC2D used to calculate
the radiation patterns in this subclause the missing code has been restored, allowing
calculation of all the H-field components close to the surface of a real ground. The restored
section of code calculates the H-field components by using a six-point finite-difference
approximation of the curl of the E-field obtained by the Sommerfeld method.

The spatial sampling interval used in the finite-difference calculation of H-field in NEC [is
ngrmally fixed at 103 1. For the H-field radiation patterns calculated af thefrequéhcies |of
100 kHz and 1 MHz the spatial sampling interval has to be altered
refspectively, in order to obtain accurate calculations of the near H-fi

Spme remaining problems of numerical stability, arising hex finite-difference
approximation of the H-fields from E-fields, which in some ca anis whose cuirl
is|mathematically zero but which have become numerica Q small numeriqal
inpccuracies [48], have required smoothing of some calculated /H-field radiatipn

patterns.

46.4 The source models

The electrically small sources that fora ( . IS ause consist of small vertiqal
and horizontal balanced electric dipol i d-horizontal balanced magneftic
dipoles (horizontally and vertically orfented lobp pectively), each having a unit dipgle
mpment [i.e. a dipole (current) moment of flectric dipoles and a dipole moment
off 1 A-m2 for the magnet; very close electrically to the air-ground
interface (within a small f v/the height above ground of the base |of

edch dipole was varied betwe i 15 Ccm and a maximum of 1 m to determine the

sgnsitivity of the hae o) te 1 _patterns to changes in the source height. The
patterns con5|d bhi »Se that exhibited the greatest variation in shape
with height.

The geometries of the i used fof the field-pattern computations are shown in Figures $1
to] 52, including ' e radial scans about each source; advantage has been taken [of

the verified azimuthal sym of the fields around the vertical magnetic and vertical electfic
dipoles to ' i e radial scans around those sources in only the Z-X plane.

) nd 54 that two generators drive each loop. Although the loops usg¢d
in| the models~were electrically small, it was found that when driven by one generator only,
edch displayed sufficient current asymmetry to produce a significant electric dipgle
cqntribution to the electromagnetic fields — because of their finite size the small loops did not
bghatve' as electrically infinitesimal magnetic dipole sources. In the models used here,
therefore, each loop was driven by two identical aiding generators located as shown, and the
electric dipole contribution produced by current asymmetry arising from the use of a single
generator was reduced to insignificance. Of course, in the case of the horizontal magnetic
dipole (vertical loop), there is always a loop current asymmetry (and a resultant electric dipole
moment) caused by proximity to the ground and this effect also occurs in the models used in
this subclause.
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SCAN PATH

R
SCAN PATH VERTICAL DIPOLE SCAN PATH
SOURCE
- o -
GROUND \ GROUNDV
HORIZONTAL DIPOLE
K X
IEC B42/2000 3/2000
Higure 51 — Geometry of the small vertical Figure 52 eometr
electric dipole model horizontal electri
z Z
) 3
HORIZONTAL LOOP
SCAN@IH SOURCE
GROUND
y
IEC B44/2000 IEC  815/2000
Figure 53 — Ge Figure 54 — Geometry of the small vertical
horizontal i magnetic dipole model
i (small horizontal loop)

46.5
Mpst attentionx¥n this\subclause has been devoted to radiation sources located close to|a
gnound hayving a corductivity, o = 10-3 S/m and a relative dielectric constant, g of 15; thege
electrical-constants are in the CCIR category of a medium dry ground [43], [44].
Al the upper and lower extremes of the frequency range, i.e. 30 MHz and 100 kHz, examples
of tWo other sets of values of ground constants Were used with the smatthorfzontaletectric

dipole model to illustrate the influence of differing values of the ground constants on the
vertical radiation patterns. The electrical constants mentioned in 4.6.2, with the numerical
values of o = 102 S/m and & = 30 (ITU-R — cultivated land and fresh water marshes) and
0=10"4S/m and & =3 (ITU-R — very dry ground and granite mountains in cold regions),
were chosen as the examples [43], [44].

For each type of source, the field patterns above a perfectly conducting ground were also
been compared with the patterns generated above real grounds, to identify the errors that can
arise from the approximation which is sometimes made so that the influence of real ground
can be determined by assuming it behaves as a perfect conductor.
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In general, it is necessary to recall that specific boundary conditions apply to the fields at the
surface of a perfect conductor that do not necessarily apply at the surface of a real ground. In
particular, the H-field component normal to the surface of a perfect conductor shall go to zero
at the surface, as shall the tangential E-field component at the surface, and it will be recalled
that this is why a horizontally polarized surface wave cannot exist at the surface of a perfect
conductor. Further, a vertically polarized surface wave travelling on a perfectly conducting
ground plane experiences no ohmic loss — it merely attenuates with distance at the free space
rate. Those boundary conditions, however, certainly do not apply at the surface of a real
ground; thus the boundary conditions identify the most general set of differences between the

vertical radiation patterns that will

w O d dled 0Se 1O urrace of a perfectly condu

4.6.6 Predictability of radiation in vertical directions

4.6.6.1 Tabular summaries of predictability

equency considered in this subclause.

Table 19 — Predictability of radiation in vertical dire

exist close to the surface of a real ground when compared
[ per na Ng ground.

e
oth
in
Ch

based measurements of horizontally (or
3 km from the s@ox(f' es-are (o

Type of source Predictability based on \ Predjctabilitkbase Predictability based on
measurements near real situ mgasurements near vertical radiation patterns
ground at 30 m distance eal n the calculated at a known

fromrthe source a istance distance from the source,
assuming the ground behaves
N as a perfect conductor
Electrically small \/éxcellent Excellent
vertical electric see Figures 57 to 60) (see Figure 57)
dipole
Electrically small Very good Poor
herizontal electric (see Figures 49, 63 to 65) (see Figure 61)
dipole , Note 3
E|ectrically sma Excellent Very good Very good
horizontal magQetic (see ures66, 68) (see Figures 66, 68 to 70) (see Figures 66, 67)
dipole (very'(gl op) N 4 Note 5
Electrica Poor Impossible Impossible
vertical magnetic ( igures 71, 81) (see Figures 71, 73 to 76) (see Figures 71, 72)
dipole (horizonta Note 6 Note 7 Note 8
loop)
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NOTE 1 The measurement of the horizontally oriented H-field emitted by the small horizontal electric dipole near
the ground can overestimate the maximum vertically oriented H-field strength emitted at an elevated angle by
approximately 1 dB (see Figure 61). Note, however, that the measurement overestimates the strength of the
horizontally oriented H-field emitted in the vertical direction by 5 dB.

NOTE 2 The small influence exerted on the small horizontal electric dipole vertical radiation patterns at 100 kHz
by a wide range of the electrical constants of the ground is shown in Figure 62.

NOTE 3 The horizontal electric dipole's H-field pattern calculated assuming a perfectly conducting ground shows
that such an assumption causes an underestimate of more than 20 dB in the absolute field strength, and falsely
indicates that the ground-based measurement underestimates the maximum field strength by 6 dB (refer to NOTE
1) (see Figure 61).

NOTE 4 The measurement of horizontally oriented H-field emitted by the small horizontal magnetic dipoje
Vertical loop) near the ground can overestimate the maximum vertically oriented H-field _strength at €levatgd

—

angles by less than 1 dB (see Figure 66). Note, however, that the measurement overestiry he strength of the
horizontally oriented H-field emitted in the vertical direction by more than 3 dB.
NOTE 5 Vertical patterns of the horizontally oriented H-fields emitted by the spfa e
(qertical loop), calculated assuming a perfectly conducting ground, can overe k d
sfrength over real ground by 6 dB, but the shapes of the patterns are a goothguide tg th : dl grounf.
Hpwever, boundary conditions are such that the vertically oriented H-field surface of the
pérfectly conducting ground which is not the case at the surface of a real, g N 6
NOTE 6 The measurement of horizontally oriented H-field emitted e e
(Horizontal loop) near the ground at a distance of 30 m underestiprates i S y
more than 16 dB (see Figure 71). However, measurement of the i S d
improves predictability; it provides an underestimate of the (vertically ori Fi<fig i i icpl
direction by approximately 6 dB, and an underestimate of i i pt
elevated angles by about 3 dB.

OTE 7 The relative magnitudes of the H-fiel ly

ependent on the actual distance from the small

OTE 8 The small horizontal loop field patterps cafctlated
ound have no resemblance, in shape and absolute gitu
ound. See Figures 71 and 7(\ /\

Qaz az
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Table 20 — Predictability of radiation in vertical directions at 1 MHz, using ground-based
measurements of horizontally oriented H-field at distances up to
300 m from the source (figures are located in 4.6.8)

Type of source

Predictability based on

measurements near real

ground at 30 m distance
from the source

Predictability based on in
situ measurements near
real ground when the
measurement distance
from the source is not
precisely known

Predictability based on

vertical radiation patterns

calculated at a known

distance from the source,

assuming the ground behaves

as a perfect conductor

Qo

op)

E Cbi.libd“y bllld“ E}\bU“UII‘l EA\;U“UII;. EA\;U“UII;.
vertical electric (see Figures 77, 78) (see Figures 77 to 79) (see Figure 77)
dipole

Electrically small Very good Good or
horizontal electric (see Figures 80, 82) (see Figures 80 to 83) (see Figuxe 80)
dipole Note 1 te 2
Electrically small Excellent Good m
horizontal magnetic (see Figures 82, 87) (see Figures 82, 86 to 88 |gu s
dipole (vertical loop) Note 3

Electrically small Excellent Impossible

vertical magnetic (see Figures 89, 92) (see Flgures 89, (se Flgure 90)
dipole (horizontal Note 5 \ Note 7

Q=Z

ound is a radially

the perfect ground.

OTE 3 The measureme
n overestimate the maxi

NOTE 4 The pattg Qf
pérfectly conducting™grou

rizontally‘oriented H-

NOTE 7 At 1MHZ

the real ground. Compare Figures 89 and 90.
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direc

the vertlcal radlatlon pattern of the horlzontally orlented Hfleld emltted by the small

In general,

o
4
=
=y
[¢]
(]
=
<
(o]
]
>
Q.
c
(]
=
>
«Q
«Q
=
[e]
c
>
(o
(2]
=y
. O
=
—_
=
(V]
=4
(%]
c
[¢]
=
(O]
>
(O]
[7]
(%]
[=
=
O
=
(]
]
(V)

t d y th hoMI electric dipole near th

k€ maximum horizontally oriented H-field emitted at elevated angles |
sasurement of the vertically oriented H-field, Hz, near ground reduces tH

d component which attenuates more rapldly with increasing distance than does tH
eld at elevated angles. The vertically oriented H-field near the ground is a component
the horizentally polarized ground wave launched by the horizontal loop and attenuates very rapidly wi
increasing-distance from the source at 1 MHz. See Figures 89 and 91.

S>30 o

strength calculated above a real ground. The shape of the vertical pattern of the vertlcally orlented Hfleld
calculated close to a perfectly conducting ground bears no resemblance to the vertical pattern calculated close to
the boundary condition which requires the vertically
oriented H-field strength to be zero at the surface of a perfectly conducting ground means that the pattern of
vertically oriented H-field at the real ground, which is non-zero, does not resemble the corresponding pattern at
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Table 21 — Predictability of radiation in vertical directions at 10 MHz, using ground-
based measurements of horizontally oriented H-field at distances up to 300 m
from the source (figures are located in 4.6.8)

Type of source

Predictability based on

measurements near real

ground at 30 m distance
from the source

Predictability based on in
situ measurements near
real ground when the
measurement distance
from the source is not
precisely known

Predictability based on
vertical radiation patterns
calculated at a known
distance from the source,

assuming the ground behaves

as a perfect conductor

g iGbilibd“y bllld“ EA\;U“UII;. E}\bU“UII‘l illlpUbbibiU
ertical electric (see Figures 93, 94) (see Figures 93 to 95) (see Figure 93)
dipole Note 1 Note 2
Blectrically small Poor Good Impessible
Horizontal electric (see Figures 96, 97) (see Figures 96 to 98) (see Figure 96)
dipole Note 3 Note 4 A Wte
Blectrically small Very good Impossible | o&gl\eg}
Horizontal magnetic (see Figures 99, 100) (see Figures 99, 100) ee ur )
dipole (vertical loop) Note 6 Note 7 (\ Note
lectrically small Poor Impossibl X M

(see Figures 101, 102) (see Figures 10, 102

Note 9 No/te/ﬁ?\

(see\Figures 101)

ipole (horizontal Note 11

H
Vertical magnetic
q
1pop)

OTE 1 The horizontally oriented H-field near the ground.is eMIIy polarized ground wa

dbout 3 dB. Measure
Jee Figure 96.

rounds therefore differsignificantly in that range of measuring distances. See Figure 96.

NOTE 6>~The measurement of the horizontally oriented H-field near the real ground at 30 m distance from f
mall‘vertical loop can underestimate the horizontally oriented H-field strength emitted in the vertical direction

ve

ve near the ground attenuafes

he

tal
bal
ng
bal
bal

all
he
by
e.

th
on

he
HB
ut

ng

he
by

less than 3 dB, but it overestimates the strength of the vertically oriented H-field emitted at elevated angles

by

approximately 3 dB. See Figure 99.

NOTE 7 The horizontally oriented H-field components near real ground attenuate much more rapidly w

ith

increasing distance from the small vertical loop than do the sky-wave components, at 10 MHz. The excess

attenuation is approximately 8 dB over the distance from 30 m to 300 m. See Figure 99.

NOTE 8 At a distance of 30 m from the small vertical loop over a perfectly conducting ground the vertical
radiation pattern of the horizontally oriented H-field is within about 4 dB of the pattern of the H-field over a real

ground. However, the vertically polarized wave near a perfectly conducting ground attenuates with increasi

ng

distance at the free space rate, unlike a vertically polarized wave over a real ground which attenuates more

rapidly with distance at 10 MHz — see NOTE 22 and Figures 99 and 100. Vertical radiation patterns calculat
over a perfectly conducting ground can therefore be very misleading as guidance to the patterns to be expect
over real ground at distances much beyond 30 m at 10 MHz.

ed
ed
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Table 21 (continued)

NOTE 9 The measurement of the horizontally oriented H-field components near the real ground at 30 m distance
from the small horizontal loop can underestimate the maximum horizontally and vertically oriented H-field
strengths at elevated angles by more than 6 dB. Note, however, that a measurement of the vertically oriented H-
field, Hz, at a height of 6 m underestimates the maximum H-field, the vertically oriented H-field, at elevated
angles by approximately 5 dB at 10 MHz. See Figure 101.

NOTE 10 The relative magnitudes of the H-field components near the ground and at elevated angles are
strongly dependent on the actual distance from the horizontal loop source at 10 MHz. The horizontally oriented H-
field near the ground is a radially directed component which attenuates more rapidly with increasing distance than
doesthe hortzontatty ortented -l at etevated—angtes.  1he verticatty ortented—77-ftietdear theground 1§ a
domponent of the horizontally polarized ground wave launched by the horizontal loop and attenuates very rapigly
with increasing distance from the source. See Figure 101.

NOTE 11 The shape of the vertical radiation pattern of the horizontally oriented H-field ed at a“distance
df 30 m from the small horizontal loop over perfectly conducting ground is very simitar\to that calculated ovef a
real ground at 10 MHz. The absolute value of the field strength calculated over p 3g ground|is
gbout 5 dB less than the field strength calculated over real ground. Both calcula i adiation patterns|at
30 m distance indicate that ground-based measurement of horizontally orien H-freld/undersstipfates the
maximum field strength at elevated angles by more than 6 dB. The megz 8 i grietited H-figld
domponents near the ground in both cases are the remnants of radially dirested neaci ponghts, not a phprt
df propagating waves, and they attenuate more rapidly with increasing ance frqm<the source than do the fields
gt elevated angles. See Figure 101. It must also be recalled thatNi I e boundary condition which
requires the vertically oriented H-field strength to be zero at the S { lysQnddcting ground mealns
that at all frequencies up to 30 MHz the patterns of verticall i i ich are non-zero at the real
dround do not resemble the corresponding vertically oriented/ H-fi vhich go to zero at the perfedtly
donducting ground

Type of source Predictability based on
vertical radiation patterns
real ground when the calculated at a known
ement distance distance from the source,
om the source is not assuming the ground behaves
precisely known as a perfect conductor
E|ectrically small ry good \> Impossible Impossible
vertical electric see |gu s 1 (see Figures 103,104) (see Figure 103)
dipole /\ Note 2 Note 3
Electrically smal Impossible Impossible
herizontal elec{ric (s Figures 05 106, (see Figures 105, 106, 108) (see Figures 105, 106)
dipole Note 6 Note 7
(\ \ otes 4, 5
Electrically s II\ \/ Good Impossible Impossible
he¢rizontal magn&tic ee Figures 109, 110) (see Figures 109, 110) (see Figure 109)
dipole (vertical{leop Note 8 Note 9 Note 10
E|ectrically 'small Poor Impossible Good
vertical magnetic (see Figures 111, 112) (see Figures 111, 112) (see Figure 111)
dipolei(horizontal Note 11 Note 12 Note 13
loop)

NOTE 1 The measurement of the horizontally oriented H-field near the real ground at 30 m distance from the
small vertical electric dipole underestimates the maximum field strength at elevated angles by about 3 dB at
30 MHz.

NOTE 2 The horizontally oriented H-field near ground is a component of the vertically polarized ground wave
emitted from the vertical electric dipole. At 30 MHz the vertically polarized wave attenuates rapidly with increasing
distance near ground, such that there is an excess 13 dB attenuation of the ground wave in addition to the 20 dB
sky-wave attenuation over the distance from 30 m to 300 m. See Figures 103 and 105.
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Table 22 (continued)

NOTE 3 At a distance of 30 m from the small vertical electric dipole over a perfectly conducting ground, the
vertical radiation pattern of the horizontally oriented H-field is within about 8 dB of the pattern of the H-field over
real ground. However, the very high rate of attenuation with a distance of a vertically polarized ground wave over
real ground at 30 MHz is apparent even at the short range of 30 m (see Figure 103). Moreover, at 30 MHz there is
an excess 13 dB attenuation of the ground wave in addition to the 20 dB sky-wave attenuation over the distance
from 30 m to 300 m. Over a perfectly conducting ground the excess ground-wave attenuation does not occur, so
that the vertical radiation patterns over perfectly conducting ground cannot give guidance to the patterns over real
ground at the distances from the small vertical electric dipole that are considered in this subclause.

oriented H—field
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eal ground at 30 m distance from the smal
vertical loop can underestimaté \ H-field strength emitted in the vertical directid
by less than 6 dB. It gives an exact indicati acstrength)of the vertically oriented H-field emitted at elevate
angles. See Figure 109.

NTE 9 The horizgntally ogiented pi-fie 3 i ith i i
distance from the sq i R -wave components, at 30 MHz. The excess attenuation |is
a i ey ist 30 m o 300 m. See Figure 109.

proximately 13 dB

[oRg=]

N all vertical loop over a perfectly conducting ground the verticpl
rg ed’ H-field is within about 8 dB of the pattern of the H-field over a refl
gfound. Howev, Ily>polarized wave near a perfectly conducting ground attenuates with distance at the
fre he vert||Iy polarized wave over a real ground which attenuates more rapidly with
distance g and 110). Vertical radiation patterns calculated over a perfectly conducting
gfound c& {sleading as guidance to the patterns over real ground at a distance of 30 m and
bé¢yond

NOTE 11 the horizontally oriented H-field components near the real ground at 30 m distange

frpbm the small horizontat’loop can underestimate the H-field strengths emitted at elevated angles by more thdn
16 dB. Netfe,” however, that a measurement of the vertically oriented H-field, in Hz, at a height of 6 m
underestimates the maximum H-field strengths at elevated angles by less than 6 dB. See Figure 111.

NOTE 12 The relatlve magnltudes of the H-f|e|d components near the ground and at elevated angles afe

the ground is a radially dlrected component which attenuates more rap|d|y W|th increasing distance than does the
horizontally oriented H-field at elevated angles. The vertically oriented H-field near the ground is a component of
the horizontally polarized ground wave launched by the horizontal loop and at 30 MHz it attenuates very rapidly
with increasing distance from the source. See Figures 111 and 112.



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

TR CISPR 16-3 © IEC:2010(E) - 107 -

Table 22 (continued)

NOTE 13 The shape and magnitude of the vertical radiation pattern of the horizontally oriented H-field
calculated at a distance of 30 m from the small horizontal loop over perfectly conducting ground at 30 MHz are
very similar to the shape and magnitude of the pattern calculated over real ground. Both the calculated patterns
indicate that ground-based measurement of horizontally oriented H-field will underestimate the maximum field
strength at elevated angles by 16 dB or 17 dB. However, the measurable horizontally oriented H-field components
near the ground in both cases are the remnants of radially directed near-field components, not a part of
propagating waves, and they attenuate more rapidly with increasing distance from the small horizontal loop than
do the fields at elevated angles. See Figure 100. It must also be recalled that, in general, the boundary condition
which requires the vertically oriented H-field strength to be zero at the surface of a perfectly conducting ground
ans-that at all fraaugneigs ||p 1030 MH=z thg nattarne of vagrtically arigntad ILfigld which arg naon_zgra ot the
rgal ground do not resemble the corresponding vertically oriented H-field patterns which go to zero at™the
perfectly conducting ground.

4.6.6.2 Error ranges

It|is possible to present pictorially the ranges of errors of the p ed|t|I|t ati in
vgrtical directions at different frequencies, when the precise hoyizqntal meas \ i Ce
from the sources is known to be 30 m. Figures 55 and 56 s QW [ or
raEges to be expected Figure 55 is for measurements oft . ! ] i ar
th f of

hari
a

in

T the various notes to the

ta ples serve to illustrate the
w

In| Fi , ich i - in vertical directions is to be base¢d
of y oriented H-field components at 30(m

haori
esgti
bg¢having as a small h
mEximum stren

mpximum vertica

ow that at 100 kHz the largest ovar-

and the error is an overestimate by 5 dB of the
H-field. The largest error in overestimating the
at 100 kHz is an overestimate of only 1 dB, as

inficated in the cha again for the case of a source behaving as a small
hari ig” dipo AL 100 kHz Figure 55 shows that the largest error in prediction |of
the strength of radiati i directions occurs in the case of a source behaving as|a
small verticy stic\di worizontal loop) and the error is an underestimate by 16 dB [of

th i ientéd H-field. The largest error at 100 kHz in predicting the
mpximud izont ented H-field strength emitted in vertical directions is an under-
egtimate by R iQ_jn the case of a source behaving as a small vertical magnetic dipdle
(hforizontal loop

In| Figure-66, which is used when predictability of radiation in vertical directions is to be base¢d
ol measurements near ground of the horizontally oriented H-field components supplementgd

wlth 6'm height-scan measurements of the vertically orlented H-fleld components at 30|m
di of

radlatlon in vertical directions still occurs for the vertically oriented H-field components
emitted from a source behaving as a small vertical magnetic dipole (horizontal loop), but that
the magnitude of the error has been reduced to an underestimate by 6 dB (solid bar). The
magnitude of the largest underestimate at 100 kHz of the maximum strength of the
horizontally oriented H-field emitted in vertical directions has been reduced to 3 dB, and this
also occurs for the case of a source behaving as a small vertical magnetic dipole (horizontal
loop).

O
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- =~ = error range of predictability of horizontally oriented

+10 ¢ dhi- 9 H-field strength at elevated angles
. |
Overestimate | L —— error range of predictability of vertically oriented
+5 L ! | H-field strength at elevated angles
P!
dhg 3
|
i | log frequency
Error, dB 0 dvgo >
Ih & -2
-5 r
Underestimate
- 10 -
- 15 L
|
100 kHz 1 MHz

IEC 846/2000
Elgctrical constants of the ground: o= 1 mS/m, ¢ = 15.
Sdurce identification:

dh| = horizontal electric dipole

dv| = vertical electric dipole

Ih [ vertical magnetic dipole (horizontal loop)

Iv F horizontal magnetic dipole (vertical loop)

Fjgure 55 — Ranges of inthe i r

9,
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El

Sdurce identification:
dh| = horizontal electric dipole

dv| = vertical electric dipole

-

electrically sma
horizontally @
vertica

- =~ = error range of predictability of horizontally oriented

+10 1 dhi-~ 9 H-field strength at elevated angles
. ! !
Overestimate || e = grror range of predictability of vertically oriented
| X
o5 | dh - 5 : : H-field strength at elevated angles
[ !
X dh g 3 v g3
' | |
dh 1 i | | 0 og frequency
Error. dB 0 | dv I 0 . =
| Ih B4 | |
|
i |
5| "
h®_6 L
Underestimate N
-10
-15 -
| |
100 kHz 1 MHz IEC 847/2000
pctrical constants of the ground: =1 mS/m, 15.

= vertical magnetic dipole (horjzontal loop

g the ground, based on measurements of th
¢ d supplemented with measurements of the
i a height scan up to 6 m at a distance

from the sources

ty of radiation in vertical directions fror

4.6.7

Vertical rns\have been calculated for electrically small sources located close [to
refal homogeneQus_plane ground, ignoring the possible contributions to pattern distortion that
mjght arise frg ence of nearby buildings or other field disturbing objects, or frgm
dipcontinuities-in~the yelectrical constants of the ground. Nevertheless, even with such|a
simplification, the studies still show that in the case of solitary electrically small sources
lopated._€lose to a plane homogeneous ground the predictability of radiation in vertiqal
directions can be subject to large errors, when the predictions are to be based o¢n
measurements of the strength of the horizontally oriented H-field at the ground in the mannjer

presently described in CISPR TT.

In particular, this subclause has identified many examples of the impossibility of making
predictions of field strength at elevated angles with a known margin of error, using ground-
based measurements, when the measuring distances from the sources are not precisely
known. The limits and methods of measurement of radiation in situ for which the precise
measurement distance from the ISM equipment is not defined in CISPR 11 cannot provide a
known level of protection of aeronautical communication services. For example, this limitation
applies over the entire frequency range from 100 kHz to 30 MHz if the radiation source
behaves like an electrically small vertical magnetic dipole (horizontal loop).

The large errors in calculation of the vertical radiation patterns that can arise from the
approximation, which is sometimes made, that the influence of real ground can be determined
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by assuming it behaves like a perfect conductor have also been indicated. Apart from the

more complex interaction between the source and its image in a real ground, two mo

re

obvious reasons for the errors are: that the boundary condition that requires the vertically
oriented H-field strength and the horizontally oriented E-field strength to be zero at the
surface of a perfectly conducting ground does not apply at the surface of a real ground, and
the vertically polarized ground wave attenuation with distance over real ground is greater than
the attenuation with distance over a perfectly conducting ground, especially at the higher

frequencies.

Subclause 4.6 has also shown, even when the measurement distance over real ground

is

precisely known, that predictability of the strength of radiation in vertical directions based
measurements near the ground at a distance of 30 m remains subject to significant errors.

Figure 55 depicts the error ranges that can apply when predictability| is based_solely
measurement of the horizontally oriented H-field near ground at 30 ||

that over the frequency range from 100 kHz to 30 MHz the margin fQr egro
+9 dB (overestimate) at 1 MHz, or as much as —16 dB (underestimate) at &

fréquency range, i.e. 100 kHz and 30 MHz.

Figure 56 illustrates the reduced error ranges obtained fo i i diation in vertio

difections when measurements of horizontally the ground 4
sypplemented with measurements of vertically oriented f~field\ab hei up to 6 m above t
gnound. It can be seen that the potential overesti - 1 MHZz remains a possibilit
byt the potential underestimate of 16/dB at AQ Z MHz has become a possib

underestimate of 6 dB at 100 kHz and\of 12

sgrvices operating below 3

perfectly condu

In| addition, the co i diation patterns over real ground with those oV
sessments of tﬁ

as
cd
te

46.
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agcount when determining limits and \methods, ol\measurement of radiated electromagnefi
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4.7 Correlation between amplitude probability distribution (APD) characteristics of
disturbance and performance of digital communication systems

4.7.1 General

The relationship between the degradation in quality of digital communication systems and
APD of disturbance is shown in the following experimental results. Actual microwave ovens
(MWO), such as the transformer and the inverter types, and a noise simulator, were used as a
noise source in the following experiment. Bit Error Rate without error correction was basically
used as a parameter of communication system performance (e.g. W-CDMA and PHS).

PHS).

Qpantitative correlation between noise parameters and system perform
and 4.7.7 by using measured and simulated results.

Q)

interference potential on digital communication systems. There D¢
applicable to the compliance test of some products or prgduct\famili
oyens.

4.)7.2 Influence on a wireless LAN system

TT: set-up for measuring communica
measurement conditions are shown

cgmmunication quality evaluation. It wa
tolreceive data of a fixed size.

jas chosen as a measure

Access point
PC
(FTP server)

Carrier power
APD measuring point

Co-axial cable

own-in 4.7).

e taken to transmit and tin

Throughput 1s used It error correction could not be removed (e.g. W-LAN, Bluetooth -and

ts
he

d

r
ne

Wireless | Torminal
LAN PC
card
Noise
simulator / ¢ »| MWO
Double ridged
guide horn antenna IEC 1008/05

Figure 113 — Set-up for measuring communication quality degradation
of a wireless LAN
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Table 23 - Conditions for measuring communication quality degradation

Frequency (channel number) 2 462 MHz (channel 11)
Wireless Transmission data 20 MB
LAN Protocol FTP (GET command from terminal PC)
Transmission mode Packet transmission
Others Noise power density (Bm/Hz) | 45, 4a/H7 (set by ATT4)

and root-mean-square (rms) values of the noise level normalized b
the MWO noise and noise simulator noise are shown in Table 24

APD of the noise simulator at ATT2 = 0 dB was in good & RD of the inverter

type MWO at ATT2 = 10 dB.

&
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IEC 1009/05
igure 114 — APD characteristics of disturbance
Table 24 — Average and rms values of noise level normalized by N,
ATT2 White naise
0dB 10 dB 20 dB 30 dB
Transformer Average (dB) 111,2 101,0 92,6 77,6
type MWO
Rms (dB) 117,1 107,0 98,8 78,7
Inverter type Average (dB) 100,6 91,4 83,4 77,6
MWO
Rms (dB) 104,4 94,8 86,2 78,7
Noise Average (dB) 100,6 91,9 83,8 77,5
simulator
Rms (dB) 105,1 96,2 87,6 78,6

The measured communication quality degradation for various amounts of attenuation of
injected noise is shown in Figure 115. The horizontal axis shows C/Ny, where C is the sub-
carrier power and N is the noise power density.
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<«

by ‘a transformer type MWO is 400 kbytes/s or more when C/N,|is
al es rapidly when C/N, is below 90 dB. This tendency is almost the
sgme irrespesti e’ noise level. On the other hand, the throughput influenced by an
inverter type decreases almost in proportion to the noise level. The throughplut
influencediby'a nois& simulator has almost the same degradation characteristics as that for an
inverter_type MWO.

4.[7.3 Influence on a Bluetooth system

The set-up for measuring communication quality degradation is shown in Figure 116, and
measurement conditions are shown in Table 25.

Throughput was chosen as the measure for communication quality evaluation.


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

TR CISPR 16-3 © IEC:2010(E) — 143 -
Carrier power
APD measuring point
Co-axial cable
Signal
Terminal PC Bluetooth l Bluetooth Terminal
(FTP server) card card PC
(client)
ISO: Isolator
ATT: Attenuator
WNG: White-noise generator Fully anechoic
chamber
Noise ? 1m
simulator » <_<] ¢ > MWO
/V
Double ridged d
guide horn antenna 100405
Higure 116 — Set-up for measuring the communication qualj ation af etooth
[able 25 — Conditions for measuring communication guality\degradation of Bluetooth
N
Frequency 2 400 MHz/r(z 4&5\%& \
Transmission data 2,5 MB ( §7 \/
Bluetooth ~—\ A
Protocol FTR E\;&{nq{an ??Pm t?ayninal PC)
~
Transmission mode \ \Eé&‘{et e&hang\e\data trénsmission mode
Noise power density
Others (dBm/Hz) -148\dBry/Hz (set by ATT4)
The APDs at a frequencyof 41 re in Figure 117, and the average and rms
vdlues of noise level nptmalized by a own in Table 26.
10° grr AT T T TR R T TR Y 10° g =T Ty
: AN o S ]
E /=2441MH N—— E f=2441 MH 5 E
3 o2 e MHi/\ AN \:“i\b i3 Al Mz \‘\L\
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107 : i \ \ : -g 107 : ; \ % :
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a) Transformer type MWO b) Inverter type MWO
IEC 1012/05

Figure 117 — APD of disturbance of actual MWO (2 441MHz)
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Table 26 — Average and rms values of noise level normalized by N,

I,

ATT2 White noise
0dB 10 dB 20 dB 30 dB
Transformer type Average (dB) 89,8 80,8 73,7 67,1
MWO
Rms (dB) 99,2 90,2 82,5 68,3
Inverter type Average (dB) 70,7 65,4 63,5 67,1
MwWO Rms (dB) 80,6 73,3 66,0 68,3
The APDs measured at 2 460 MHz, where the noise level of an MWO js—at maximum, are
shown in Figure 118, and the average and rms values of noise normalized yareshiown|in
Table 27. The noise level is about 10 dB larger than that at the freque MHz. The
PD of the noise simulator at ATT2 = 0 dB is in good agreement wi rter type
WO at ATT2 = 10 dB.
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c) Noise simulator (adjusted with inverter MWO)

Figure 118 — APD characteristics of disturbance (2 460 MHz)

IEC 1013/05
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Table 27 — Average and rms values of noise level normalized by N,

ATT2 White noise
0dB 10 dB 20 dB 30 dB

Transformer Average (dB) 87,8 78,4 71,4 67,1
type MWO

Rms (dB) 94,9 85,4 78,0 68,3

Inverter type Average (dB) 70,7 65,4 63,5 67,1

MWO

Rms (dB) 80,6 73,3 66,0 68,3

Noise Average (dB) 77,6 69,8 67,1
simulator

Rms (dB) 84,1 75,5 y— 68,3

The measured communication quality degradation for various am
injected noise is shown in Figure 119.

Tlere is only a minor difference in degradation caused by<the
tr

hgpping, and is hard to be influenced by noise continuous
difference in communication quality degradation for a
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[=] L
2 20 .
= r —O—ATT2=0dB 1
L —1—ATT2=10dB}-... _:
---<0----White noise
I R S
40 35 30 25
ATT1 dB
simulator (adjusted with inverter type MWO) EC 1014/05
hroughput of Bluetooth influenced by noise
A¢cording tox¥ ecifications, Bluetooth controls the transmission power automatically
depending __on~the munication situation. The sub-carrier power at the reception point
cgnnot be obtained uniquely since transmission power may change when ATT1 is changed.
The horizontal axis in this figure shows the attenuation of signal power.
4.7.4 __Influence ona W-CDMA system

The set-up for measuring communication quality degradation is shown in Figure 120, and
measurement conditions are shown in Table 28.

Bit error rate (BER) was chosen as the measure for communication quality evaluation.
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Base station simulator

i

N

Data BER
measuring
> L caenen
p— |
diffusion search
=
- Signal Receive
W-CDMA
terminal

ISO: Isolator
ATT: Attenuator
AMP: Amplifier

Noise ;
simulator

Carrier power

Fully anech0| tham

APD measuring poin

Double ridged
guide horn antenn

@@g%

IEC 1015/05

Baseban
simulator

gasens

2 137,6 MHz (downlink)

3,84 Mc/s

Uplink: DPDCH 64 / downlink: DPCH 128

12,2 kb/s (acoustic)

6 Mb

ission mode

o

3GPP TS34.121 [84]

RMC communication test (UE turn)

meastred APDs”of the noise are shown in Figure 121, and the average and rms values
noise_fevel normalized by N, are shown in Table 29. The APD of the noise simulator
[ T2¢=X0 dB is in good agreement with the APD of the inverter type MWO at ATT2 = 10 dB.

of
at
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c) Noise simulator (adjusted with inverter MWO)

IEC 101605
igure 121 — APD characteristics of disturbance
Table 29 — Average and rms values of noise level normalized by N,
ATT2 Receiver noise
0dB 10 dB 20 dB 30 dB
Transformer Average (dB) 71,1 67,7 67,2
type MWO
Rms (dB) 75,1 69,4 68,6
Inverter type Average (dB) 71,6 68,0 67,2
MWO
Rms (dB) 74,7 69,4 68,6
Noise Average (dB) 77,1 70,4 67,7 67,2
simulator
Rms (dB) 83,3 74,7 69,3 68,6

The measured communication quality degradation for various amounts of attenuation of
injected noise is shown in Figure 122.
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For both types of MWO, the BER was degraded by several dB after a 10 dB change in noise
level. Moreover, BER characteristics influenced by the noise simulator are in good agreement
in these measurement results.

10*1;...1.1!...............-; 10’15....1.1...-

o —4 X 14 4
w 10 R x® 10
o \l o
|
-5 NS 5
10 ; \g \ 10
o r V‘\ N 1 6 | | —o—ATT2=04B
10" [ —o—ATr2=0a8 3 107 B| —a—arm2=1008
E | —m—ATT2=1008 ‘i\n 3 E | ---<---- Without noise
[ | --—o--- Without noise ] F -
o7 L b T e i T i I S A .
40 45 50 55 60 65 40 4 65
C/No dB

a) Transformer type MWO
0 @
T — 7 "X

O3

ATT2 w 3

—WIT2-20d 7
ATS2230dB =T

----0---Witholhoise 3

w 50 55 60 65

oise simulator (adjusted with inverter MW Q)

LT AT

A Uk

b SO T
> A !

5 1“\\)‘1 \\

IEQ 1017/05

2 — BER of W-CDMA caused by radiation noise

Personal Handy Phone System (PHS)

4
The set-ups/for measuring communication quality degradation are shown in Figures 123 and
124, and-conditions for measuring throughput and BER are shown in Tables 30 and 31.

The measured APDs are shown in Figure 125, and the average and rms values of noise
normalized by N are shown in Table 32.
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ATT: Attenuator
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Noise ? <« 5| mwo
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Double ridged
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Figure 123 — Set-up for measuring the PHSth ut

Carrigr power
D measuring point

Terminal
PC

Signal
generator

ISO: Isolator
ATT: Attenuator
WNG: White-noise gg
Fully anechoic
chamber

MWO

IEC 1019/05

TW Conditions for measuring the PHS throughput

Transmission data About 376 kB data
PHS Transmission system Non protocol
Transmission mode 32 kb/s real time data transmission

Noise power density N

Others | irmitiz)

-160 dBm/Hz (set by ATT4)

Table 31 — Conditions for measuring the BER of PHS

Frequency (channel number) | 1 907,15 MHz (channel 41)
PHS Transmission data 5 Mb PN9
Data rate 32 kb/s

Noise power density

Others | 1Bm/Hz)

—160 /Hz (set by ATT4)
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c) Noise simulator (adjusted with inverter MWO)

igure 125 — APD characteristics of disturbance

Table 32 — Average and rms values of noise level normalized by N,

IEC 102p/05

ATT2 W hite-nois.
0dB 10 dB 20 dB 30dB

Transformer type Average (dB) 60,6 58,1 61,2
Mwo Rms (dB) 64,9 59,4 62,4
Inverter type MWO Average (dB) 72,6 64,9 59,9 58,0 61,2
Rms (dB) 76,7 68,9 62,5 59,3 62,4
Noise simulator Average (dB) 72,3 64,2 59,1 57,8 61,2
Rms (dB) 77,0 68,2 61,1 59,0 62,4

NOTE The values of ATT2 are 22 dB, 32 dB, 42 dB and 52 dB, respectively for the noise simulator.

-
-y
o
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The measured throughput for various amounts of attenuation of injected noise is shown in
Figure 126.
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e 126 — PHS throughput caused by radiation

Similarly,.the'measufed BER is shown in Figure 127. The BER characteristics caused by the
ngise simulator were in good agreement in the measurement results of the invertg
type MWO.

P
1
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47.6 elation between noise parameters and system performance
4)7.6.1 Genera
Correlations between the noise parameter of the disturbance (levels of disturbangce

Cd
o

rformance (throughput and/or bit error rate) are evaluated for the communication syste

rrespond to certain probability that is derived from APD) and degradation of systq1m

S

described in 4.7.Z210 4.7.D.

4.7.6.2 Wireless LAN (throughput)

From Figures 114 a) and 114 b), the disturbance voltage for each probability, e.g. 10-1, 10-2,
10-3, 104, was read. C/Ny values that are necessary to assure the throughput of 500 kByte/s
under microwave oven disturbance were obtained from Figures 115 a) and 115b). The
correlation between the disturbance voltages and the C/N, values is plotted in Figures 128 a)
and 128 b) for a transformer type oven and inverter type oven, respectively.
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4,7.6.3 Bluetooth (through
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From Figures 118 a) 3
shown in Figure 116,

cgmmunication lipt 3
eXceeds the wh i
=2.10-3 and 104 y

gssary to assure the throughput of 40 kByte/s under
ere obtained from Figures 119 a) and 119 b) (relatiye
= 43 dB). The correlation between the disturbance voltages



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

TR CISPR 16-3 © IEC:2010(E) - 155 —

120

""" Regression line (>107%) el 120 ----- Regression line (>107%)
51 O prop. (107 9 ] 115 O Prob. (>10% ]
= A 5 A i A -3
@ 110 | Prob. (>107°) Lo l @ Prob. (>107°)
° O Prob. (>107% S 410 © Prob.(>107)
8 o, 8
= 105 | i E =
£ o £
2 100 t o E 2
] ’ ©
P95 | L o0 1 s
9] Pid [}
> e >
B o0 | y =-4,5x + 93 i 3
L’ 2_
o R =0,982
85

Relative C/Ng dB : x

a) Transformer type microwave oven

4[7.6.4 W-CDMA (BER)

Fom Figures 121 a) an
10—* were read. C/N, val
oyen disturbance wer

available are in the APD a

88 g 88 . i
O Prob. (>107%) ©
86 _ 86 | A Prob.(>107) i
- O Prob. (>10™)

4 84 k o 84 | A E
h ©
D 82 T [0 82 | 4
D o
3 g
$ 80 E 2 80 i
3 E o o
P 12}
$ 78 E T 78 | i
$ 5 A
b 76 & E o 76 | i
p [)
H |

T4 N o E 74 | o i

713 ) 50 5T 52 53 78 79 50 5T 52 53
C/N, dB C/Ng dB
a) Transformer type microwave oven b) Inverter type microwave oven

IEC 1025/05
Figure 130 — Correlation of the disturbance voltages with the system performance

4.7.6.5 PHS (BER and throughput)

Same analyses were performed on PHS data. C/N, values correspond to the signal input that
is necessary to assure the BER of 10~4 under microwave oven disturbance. The correlation
between the disturbance level and the C/N; values is plotted in Figures 131 a) and 131 b) for
a transformer type oven and inverter type oven, respectively.
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Because only one set of data was usable in the APD and BER for the transformer type oven,
regression analysis was not performed. On the other hand, excellent correlation was

confirmed in the case of inverter type oven.
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Additional analyses were performed Figures 125 a) and 125 b),
dipturbance voltages for each probabili o values corresponding to the signal
input that was necessary to assure the 8,5 kByte/s under microwave ovén
disturbance were read f 5 b). The correlation between the
digturbance level and t in Figures 132 a) and 132 b) for|a
transformer type ovenfand pectively. The same results were obtaing¢d
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Figure 132 — Correlation of the disturbance voltages with the system

performance (C/N)
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4.7.7 Quantitative correlation between noise parameters of repetition pulse and
system performance of PHS and W-CDMA (BER)

Correlations between APD of repetition pulse noise and communication quality degradation of
PHS and W-CDMA are obtained by the following additional experiment and simulation. The
experimental set-up for measuring communication quality degradation of the PHS or W-CDMA
is shown in Figure 133. Repetition pulses combined with Gaussian noise are used as a
disturbance. The Gaussian noise level is adjusted to the same noise floor level of vector
signal analyzer for BER measurement and spectrum analyzer for APD measurement.
Concerning repetition pulses, the pulse width is constant (100 ps) and the repetition
fr ' i —Fi =i ' ' i or
egtimating communication quality degradation. In this simulation, the same noise parametelrs
ane used as for the experiment.

SG1 .
W-CDMA downlink Vector S('gr;;?@
or PHS \ x
SG2 Spe ﬁ
Pulsed RF disturbance alyzer

l 1028/05

ng communication quality
W-CDMA

Figure 133 - Exp as

imental st-ume
i ofta b

: wW-C w Demodulation
ol (BER)
P\l§e>lF disturbance APD

WNG

IEC 1029/05

Figure 134 — Simulation set-up for estimating communication
quality degradation of a PHS or W-CDMA

Measured APD are shown in Figure 135. Marker type represents the duty cycle of the pulse
disturbance, i.e. circle, inverted triangle, triangle, diamond, square and star indicate 40 %,
10 %, 4 %, 1 %, 0,4 %, respectively. The dashed line shows the APD of Gaussian noise
without repetition pulse.
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Measured BER and estimated BER by numericg
Figures 136 a) and 136 b) for PHS system and W-CDMA
cdn be verified by the numerical simulation results.

a shown |in
. Measured BER

gsults, simulatipn
results do not show full agreement at high signal le imulation model of receivier
is[simplified as 774 QPSK with a synchronized detector (that is rom the experimen{al
sgtup.
10°
107
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2|
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Figure 136 — BER degradation of PHS and W-CDMA caused by repetition pulse
(Carrier power, —35 dBm)

Figure 137 explains the evaluation method for quantitative correlation between BER and APD.
For the level comparison, ALggr and ALapp can be defined as disturbance effects on BER
and APD. They are measured by the difference of level between Gaussian noise (without
repetition pulse) and disturbance (with repetition pulse) at a certain rate of BER and at a

certain probability of APD, respectively. Similarly, pgggr and pppp are defined as the
probabilities caused by disturbance on BER and APD, respectively.
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Figure 138 where the pulse has constant duty cycle
dipturbance is generated by modulating a carrier wi
is| set from —-45 dBm to —35 dBm with 2 dB step BI
characteristics of W-CDMA and PHS, respectivély\E
sglected for these evaluations are (a) A0
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Correlation between measured pgegr and papp for several duty cycles of the pulse disturban

ane also shown in Figure 139, where the d|sturbance has constant carrier power (-35 dBm).
Trlge duty cycle is changed as 40 %, 10 %, 4 %, 1 %, 0,4 % and 0,1 % i
m W st - ively. i ; le
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Le

Black mark and white

and square marks indicate the results for the pulse width 1 000 pus, 100 us, 10 us and 1 us
respectively. BER and probability values (BERy, APD,) selected for these evaluations are (a)

-2, (b) 10-3 and (c) 10~4.
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Infall cases, APD indices (ALppp, papp) have close correlatioy’with BE
(ALger, PRer), respectively. It is therefore concluded thaf APD
dipturbance is one of the most effective methods for eva ;

services depends on the type of interference (e./g.

of
io
DN
R

S

5 rate etc.) and on the type of service itself. The effect of t

e

perience has shown that the rms voltmeter might give a more accurate
e/quasi-peak type of voltmeter has been retained for certain reasons|—



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

TR CISPR 16-3 © IEC:2010(E) - 161 -

34

I T TTIII I

32 | 30 MHz-1000 MHz (band C and D)
T “5-4— '
28 M
LN
Jis}
T o | 0,15 MHz-30 MHz (band B) \\
. i N
= 20 N\
8 “‘L. \\ N
2 16 }9 kHz-150 kHz (band A) >~
= N
c
§ 12 \\\ \\\ 43548
[
8 8 N \\\\
c N
g 4 \\\ \\\\ (
[5) N N
> N [N
2, - S N
5 AN
E 4 I~ N
& -8 \ \7L~
~N
o LURIASN ‘
Single pulse 1 Ulse rate 1 kHz

IEC 2010/06

NQTE The weighting factor is shown relative tq a re

% as.defined in CISPR 16-1-1
R1641-

output of the IF envelope detector and holds the
time (also called dwell time) until its discharge [is

ector determines the linear average of the signal at the output of the |IF

: howtd be kept in mind that for low PRFs, CISPR 16-1-1 specifies the

ar‘measurement result as the maximum scale deflection of a meter with a time

the quasi-peak detector. This is necessary to avoid reduced level

indication\for a pulse modulated disturbance by using long measurement times. The weighting

The rms detector determines the rms value of the signal at the output of the IF envelope
detector. Despite being mentioned in [1] and being described in CISPR 16-1-1, at the time of
writing of this subclause it has not been put to practical use in CISPR product standards. The
weighting function varies with 10 dB per decade of the PRF (see Figure 141). Up to now, no
meter time constant applies for the rms detector for intermittent, unsteady and drifting
narrowband disturbances.
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4.8.4 Procedures for g Suri Nk ing characteristics of digital
radiocommunicat i
4.8.4.1 General@
All modern radio se digi modulation schemes. This is not only true for moblile
radio but also for aus \ ocedures for data compression and processing of analpg
signals (voice aRf i ed together with data redundancy for error correction.
Usually, up to~a inte al bit-error ratio (BER) the system can correct errors so that
pgrfect reception o
hereas ™e ystems require signal-to-noise ratios of as much as 50 dB fpr
sgtisfactory

general, digital radio communication systems allow error-free
operation down' to~sigpal-to-noise ratios of approximately 10 dB. However the transition region
from errof~free operation to malfunction is small. Therefore planning guidelines for digifal
radio are.based on almost 100 % coverage. When a digital radio receiver operates at Iqw
input‘levels, the susceptibility to radio disturbance is important. In mobile radio reception, the
sysceptibility to radio disturbance is combined with the problem of multi-path propagation.

4.8.4.2 Principles of measurement

The significance of the weighting curve for band B is as follows: to a listener the degradation
of reception quality, caused by a 100-Hz pulse, is equivalent to the degradation from a 10-Hz
pulse, if the pulse level is increased by an amount of 10 dB. In analogy to the above, an
interference source with certain characteristics will produce a certain BER, e.g. 103 in a
digital radiocommunication system, when the interfering signal is received in addition to the
radio signal. The BER will depend e.g. on the pulse repetition frequency (PRF) and the level
of the interfering signal. In order to keep the BER constant, the level of the interfering signal
will have to be readjusted while the PRF is varied. This level variation versus PRF determines
the weighting characteristics. Measurement systems with BER indication are needed to
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determine the required level of the interfering signal for a constant BER as e.g. shown in
Figure 142.

e e e e e e e e e . e e e . . e,
BER |
- I
Radio signal I
generator \ I

Radio
=F receiver
Interference
source

The test set-up shown in Figure 142 consists of a radio~sign he
wanted radio signal to the receiver. For the determina 3E ler
hgs to know the original bit sequence for comparison \vif he
latter shall be looped back to the radio si th
systems are available and have beendise 3 i it p-

back principle.

4.8.4.3 Generation of the interferen

Alsignal generator with pdls i an be used to generate the interferenge
signal. For correct me zgtor requires a high ON/OFF ratio of mofe
thian 60 dB. Using the Yinterference spectrum can be broadband pr
ngrrowband, whete dband and narrowband is relative to the
cqmmunication 4@. idthwFigureNi43 gives an example of an interference spectrum
uged for the determ ior Qf weighting characteristics.
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With increasing pulse guration, i spectrum becomes narrower. This is al
uged to study the S - oulses on radiocommunication systems. T

bO
ne

advantage of using. a imj trum instead of a broadband pulse generator|is
to| avoid overlo k i est. Otherwise non-linearity effects could causge
dg¢terioration of s ighti actpristics. In addition to pulse-modulated carriefs,
unpmodulated carrigrs g determine the sensitivity of different systems |to
ngrrowband (CW<si
tensive m also been presented in [49] with on/off-keying of a QPSK-
pdulated eping the spectrum width wider than the system bandwidth evéen
ith longe . Since actual receivers do not provide BER indication, the meth¢d
g@scribed in Qm endat|on 1368 [59] was used as the failure criteria: DVB-T receptipn
hs regarded~as~disterted when more than one visible erroneous block was shown on the
sqreen within' an obServation period of 20 s. Alternatively, any picture-freeze, also for short

riods, . was regarded as a failure. For DRM, the reception was considered as distorted when

r system showed more than one dropout in a 20 s observation time.

Further measurements have been made with spread-spectrum modulated carriers in order

to

study the effect of spread-spectrum clock interference on wideband radiocommunication

services (see [50] and [51]). Refer to Table 33.

Table 33 — Overview of types of interference used in the experimental study
of weighting characteristics

Interference signals Pulse-modulated On/Off-keyed QPSK- Spread-spectrum
modulated modulated
Pulse width in relation T < 1/B to 100/B T < 1/B to 100/B Continuous
to signal bandwidth

T = pulse width, B = radio signal bandwidth
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4.8.4.4 Other principles of measurement

The receiver under test should receive a signal that is just sufficient to give quasi error-free
reception (e.g. a BER = 107 or a factor of 10-3 lower than the critical BER). Thus the receiver
operates like a receiver at the edge of a coverage area, where a disturbance above the
emission limit can easily cause interference.

For radio telephone systems, where the downlink (base station to mobile) and uplink (mobile
to base station) frequencies are in different bands, the use of a pulse modulated carrier helps
to concentrate the interference on the mobile receiver and thus avoids interference with the

lopp-back connection.

4.8.5 Theoretical studies

di
ar
de¢

pr
ag

R
[5

A

e-

sthte shift register. In gepera DN
generators. The i k
bits at a time. T he
cqde is defined as n/ al
cqde. In Figures 4 PS
cqrresponding to hd
binary phase h
ACOLADE®©< (Advance . e
graphs, the euency of the disturbance is presented as related (normalized)
to| the gfass-bi ¢ bol rate) Ry of the communication system. The simulation is done
in[ the bant~passydomain/ This means that the results can be transformed to an arbitrary
carrier frequenty, The\disturbance pulse width is 10 % of the bit duration time. For the lowgst
rate R = Ya(the rmg value is approximately constant down to the critical point where]|it
increasesxrapidly. Thus, for a well-protected system, the rms value corresponding to|a
cqnstant~BER is constant with respect to the pulse repetition frequency of the repetitive
pylsed-disturbance.

NOTE ACOLADE® is an example of a suitable product available commercially. This information is given for the

co

nvenience of users of this Technical Report and does not constitute an endorsement by IEC of this product.
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signal, the peak value increases with less than 10 dB per decade as the PRF decreases. With
better coding, the part of the weighting characteristic with flat response becomes shorter.
Therefore, it is important to characterize real radiocommunication systems in order to obtain
meaningful results.

4.8.6 Experimental results
4.8.6.1 General

The methods described in 4.8.4 have been used for the measurement results in this part. The
test signals are described where necessary.
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4.8.6.2 Weighting in band A

For band A, i.e. below 150 kHz, no measurement results of digital radiocommunication
systems are available.

NOTE Weighting of radio disturbance generally requires a consideration of intermittent, unsteady and drifting
narrowband disturbances. Therefore the concept of defining a corner frequency, below which the average detector
becomes effective has been applied to band A as well, using the corner frequency proposed for band B, because
the original CISPR specification of the rms detector does not apply a meter time constant.

4,

n
| =]

eighting of interference to the Digital Radio Mondiale (DRM) Broadcast System

A{ the World Radio Conference (WRC) in June 2003, the new Digital
officially started. During the four-week duration of the conference, 2
DRM transmissions became available from many radio stations.
rejported below were acquired on 8 July 2003, when a great nury
aVailable.

DRM uses OFDM (orthogonal frequency division multiptex) wjith 2 ie ed
bandwidth of each transmission is 10 kHz. In additig igiti ) in
amount of data (radio station information, etc.) is transnji
bg¢ used to downconvert the signal to
signal processor and a special DRM s¢

al

Dyring the time of measurement, the radh A N
ngar Munich, Germany, using amateudr-radi a
higher receive input voltage<(50 dBuVvV

Frequency Average Program Transmit sitp
kHz DRM power
kW

5975 40 T-Systems Jilich
Media Broadcast

6 095 A Europe 35 RTL/music and Junglinster,

short Luxembourd
announcements
N\

6 140 \D W and C Europe 40 DW English Jilich

7 320 \/()5 W and C Europe 33 BBCWS Rampisham

13 605 037 C Europe 6 IBB/R. Sawa Morocco

15440 040 W and C Europe 80 DW English Sines

b

B H 4 L R H " RN
O TSTom=arectomaTommranectromar:

“Beam” indicates antenna beam direction in terms of angle measured clockwise from 0° = north. For example
090 is east, 180 is south, 270 is west. Thus, 105 is approximately east-south-east.

€ W is west and C is central.

The various transmissions were available for 1 h or 2 h. The measurement results (weighting
characteristics) were essentially the same for all frequencies, even if the amount of data
transmitted in addition to the audio signal was not the same. Time-dependent fading of the
input signal had to be manually compensated using a step attenuator that was inserted in the
antenna connection (see Figure 146).
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Principally the same type of interference signal was generated as in Figure 132. However, for

a

(1

Bé¢cause no indication of BER was ayailable ' s«indication on the PC (DRM
sqftware radio display) was used as acriferio . the interference becomes too
high, the “Audio” status indication will tyra

As$ explained earlier, the at the reception quality is to be the
mjnimum sufficient. The e Figure 147) shows a 10 dB/decade

in
m

for a pulse width

th
th
th

dnopouts, which i 3 gerclicks might cause such dropouts as well.

signal with an occupied bandwidth of 10 kHz, it is possible to use a longer pulse duration
0 us or more).

Step Attenuator
Antenna for manual
fading compensation

34
IF Out
5 + \, AM Rec. PC
Sig. Gen.
With pulse
modulation

Crease of the interferne i , S en 1 kHz and 5 Hz. The non-linearities are
inly due to uncomp i signal. A detailed weighting curve is shown
idths, the weighting curve was measured only jat
ee (respectiv y 10 dB/decade behaviour. Below a PRF of 5 Hz,
weighting curve : And below about 2 Hz, the signal cannot be disturbed by
pulse width S bLST gr lightning strokes are reported to generate longer
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DRM at 5,975 MHz; 6,095 MHz; 6,140 MHz; 7,320 MHz; 13,605 MHz;
data rate 20,9 kBit/s; signal level kept at constant SNR

70 [ [T TT]
Q — s width 1E-05s
60 2 width 5E-05s [ ]
dB(uv) \\>M —a— width 1E-04s
50 ] —o— width 5E-04s [T
N
40 \ lase /54\
< N
T P se e sd N M
30
\ \\\§
LT % & o
20
10
0
1 10 000

IEC 2019/06

TlLe report [49] describes the followin i g i he
measurements:

¢ | Mode B, Modulatio
e | Mode B, Mod

The interference A
QPSK modulation,fr
explained in 4.8.

3nd 149 is a pulse-modulated carrier with additional
te' a wide bandwidth of the interference spectrum as
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DRM Mode B 16/64QAM prot. level 0: Trend
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Figure 148 — Weighting ¢
average of
140 dBpVv <\
J T &
—4—200 ns
120 dBuVvV —=—1us
WA i
™ >, ——100 us
100 dBuV | A\ \ %1 ms
—_ N ——10ms
3 80dBuV Y
3 \\ N 5\5& \\\
o g TTTe—
n_g_ 606BuY \\ >\ e i —— muy — i
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\ | X r—
40.dBpv - ) - -
T — —> A
20 dBpv
0 dBuVv
1 Hz 10 Hz 100 Hz 1 000 Hz 10 000 Hz

Pulse repetition frequency
IEC 2021/06

Figure 149 — Weighting characteristics for DRM protection level 1:
average of results for two receivers

The weighting characteristics in Figures 148 and 149 show a 10 dB/decade slope down to
approximately 100 Hz. Because there is no other digital radio system in band B, the corner
frequency of the proposed rms/AV detector between rms and linear average detection for this
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frequency band can only be based on the results of DRM (see 4.8.7). A corner frequency of
10 Hz is therefore proposed for band B as a compromise between the two results.

4.8.6.4 Weighting in bands C/D

4.8.6.4.1 Weighting of impulsive interference to Digital Video Broadcast Terrestrial
(DVB-T)

4.8.6.4.1.1 Test setup
(0]

mpdulated carrier, see Figure 132 for an example of the spectrum) is fed-i ' ing

DVB-T uses COFDM (coded orthogonal frequency division muKiplex) Wi D5
(2k) carriers The OFDM carriers may be modulated eith 5e
Shi 3 y 16 QAM. QAM

is . vsthission code rafte
Cl \ nation\bits + error protectipn
bifs). = i | $ LEax OFDM symbol is followed
by i

The DVB-T modulation and coding syste inations, i re
re {opll ies

hé .
(ske Table 36) depending
uged in the system. The Kj
ag well as before ang
cgmparison is given in

Solomon decodepwi

d¢pending on the
crjtical value of B

/s
. Different coders and decoders aLe

an be taken before the Viterbi decodgr
decoder of the measuring receiver. |A
level is set so that the BER after the Reg¢d
below 10-8. This produces different signal levgls
ihterference levels have then been adjusted to|a
he Reed Solomon decoder.

For the BER mea g i be
(H a_ & i i i Vo
di E Dy
cq idn. Rags Nthe b stream are used to determme the BER after Reed Solomon If the
dd > to
o

The relationship in Table 35 was found experimentally between the bit error ratios before and
after the~Viterbi and Reed Solomon decoders for two pulse rates.

Pulse rate 10 k 500 k
Hz
BER before Viterbi decoder 1,5 x 102 4,4 x 10-3
BER before Reed Solomon 2,0 x 104 2,0 x 104
BER after Reed Solomon 1,0 x 10-6 1,0 x 10-8

So, the results with BER measured before Reed Solomon (with 2,0 x 10~4) and after Reed
Solomon (with 1,0 x 10-6) are roughly comparable.
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Table 36 — Transmission parameters of DVB-T systems used in various countries

Country Modulation Code rate Guard interval Transfer rate
France/UK 64 QAM 2k 3/4 1/8 24,88 Mb/s
Spain 64 QAM 8k 3/4 1/8 24,88 Mb/s
Germany 16 QAM 8k 2/3 1/8 14,745 Mb/s
The measurement results are presented in Figures 150, 151 and 152. In all tests,
£ ; ' PORATONF BT m f e :
CTTETTTILE STighidl Toaullty U oot TooUlls dit pulstrniuiuliditu LdiTivcls.

in

the

DVB-T f=500 MHz, 64 QAM 2k, CR 3/4, GI 1/8, BER before RS~ 2
-61,5 dBm, 24,88 Mbit/s (FR, UK)

140 i
dB(uVv) N %
0v1E-06s Y ||
120 %d o)
TN TN A N\idth Q56
h—width 1QE-06
00 width 2,0E-06 [[T]]]
S O widthn8,0E-06s
g width 10E-06
80 N
< D70
NEn) \<k: )\
60 PN \
PSS H‘%—-NH&S §\“ll~\
g ~Hq\
40 =T A S ey
N I~ \ T
20
NS
i

1 1 10 000 100 000 1 000 000 10 000 000

Jo/Hz IEC 2022/06

g characteristics for DVB-T with 64 QAM 2k, CR 3/4
(as used in France and UK)
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DVB-T f=500 MHz, 64 QAM 8k, CR 3/4, GI 1/8, BER before RS = 2 x 10_4,
-61,7 dBm, 24,88 Mbit/s (ES)
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Figure 151 — Weighting charasteristics
as tsed

QAM 8k, CR 3/4

DVB-T f=500 MHz, 16 QAM 8 k, CR 2 RER before RS =2 x 10_4,
-61\8 dBRn, 14,745
140
[ RN T LT
dB(uV) N :
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N * width 0,5E-06s
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80 /1 \\
N x| |
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\\\ N Mii h=3§5§_§ :ﬁL} rRm—a
N
N ™
20 N
0
1 10 100 1000 10 000 100 000 1000 000 10 000 000
Jpm1& IEC 2024/06

Figure 152 — Weighting characteristics for DVB-T with 16 QAM 8k, CR 2/3
(as used in Germany)

Six different receiver types were tested in report [49] for DVB-T with 16QAM 8k, CR 2/3 and
for DVB-T with 64QAM 8k, CR 2/3. To get receiver independent results, the individual
characteristics were combined using average values inside the range where all receivers
offered a result. Excluded were two receivers in PRF ranges, where they showed a non-
typical behavior. These combined results are shown in the “trend” characteristics in
Figures 153 and 154. The interference signal for both figures is a pulse-modulated carrier with
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additional QPSK modulation in order to generate bandwidth of the interference spectrum at
least as wide as the DVB-T signal spectrum as explained in 4.8.4.2.

140 dBuVv

DVB-T 8k 16QAM 2/3: Trend

120 dBuVv

Pulse level (Pk)

100 dBuv

80 dBpV

60 dBuV

40 dBuVv

20 dBuV

0 dBuv

RN

10 Hz

Figu®3

Hz 10 000 Hz
rep titiog frequency

g characteristics of 6 receiver types
-T with 16QAM

100 000 H

IEC 20.

5/06
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DVB-T 8k 64QAM 2/3: Trend

120 dBuV
—e—50ns
—=— 200 ns
p ——0,5pus
100 dBuV X NEEELS s |
\ —%—5us
\ \‘\ —%— 1O IS
g 80 dBuV
4 60dBuv .
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20 dBuv
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can only be assumed to be approximatively 100 Hz,
corner frequencies can clearly be seen. They however
dq S€ W|dth as in Figures 150 and 152. Since all weighting curves
an e’ (see Figure 140), also for the corner frequency, the shortgst
o]l i Y .Y he system used in Germany shows the most robust performange
agai i AN erence due to its lower code rate and 16QAM 8k modulation.

w

g’of impulsive interference to other digital radiocommunication
systems-operating in CISPR bands C and D

48.6.4.2.1 Digital audio broadcasting (DAB)

DAB operates in the VHF (174 MHz to 230 MHz) and the L (1 452 MHz to 1 492 MHz) bands
with a bandwidth of 1,5 MHz per channel using Coded Orthogonal Frequency Division
Multiplex (COFDM) to minimise multipath fading. The audio signal data rate is reduced by
MUSICAM (a masking pattern adapted for Universal Coding and Multiplexing), which is a part
of the MPEG-2 (Moving Picture Expert Group) standard. The total transmitted bit rate is 2,4
Mb/s. The 1 500 subcarriers are modulated using Differential QPSK (DQPSK). The weighting
characteristics in Figure 144 were measured using a test version of a DAB receiver.
Weighting characteristics of commercial DAB receivers have been presented in report [49].
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DAB DQPSK BER=1,0 x 107
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Figure 156 — Weighting characteristics for DAB:
average of two different commercial receiver types

The differences between the results in Figures 155 and 156 are possibly due to the different
types of the impulsive signal: for Figure 155 a simple pulse-modulated carrier was used,
whereas for Figure 156 an on/off-keyed QPSK-modulated signal was used.
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4.8.6.4.2.2 Terrestrial trunked radio (TETRA) system

TETRA is wused in workshops, the building and construction industries, airports,
transportation/trucking and safety services. It operates in the frequency range 380 MHz to
520 MHz (in some areas also in 870 MHz to 990 MHz) with a data rate of 36 kb/s per carrier,
an occupied bandwidth of = 25 kHz and channel separations of 12,5 kHz, 20 kHz or 25 kHz.
Speech data reduction is done using Algebraic Code Excited Linear Prediction (ACELP) to
4,8 kb/s per traffic channel. Up to four traffic channels are normally transmitted on one carrier.
The error protection may be high or low, depending on the code rate. The modulation
procedure is 7/4-DQPSK. Figure 157 shows the measured weighting characteristics for a high
cqde rate = T (fow error protection).

TETRA downlink f'= 394,0 MHz, BER=2 %

AN
149 TR NN
dB(uV) 006
120 Q‘ SEQ6S
100 ,< —o e
\\ - N
80 | = M D
60 X\L\ N \(\) i ( i
g\x)v—75
NA & I N

]

40 i\f \ﬁ:»&ﬁé; \
{ ‘7§ e E;\S\ |

0 000 100 000 1000000 10000 000

,/T/ /
pe
-

z IEC 2029/06

acteristics for TETRA (signal level — 80 dBm)
for a code rate of 1

is much wider than the channel bandwidth, all weighting
characteristic aated by the PRF ratio in dB. Above a PRF of 10 kHz, the slope [of
cyrves is 20 _dB#decadg, corresponding to the increase of the voltage of the centreline of the
inferference\spectruwd. Therefore the weighting characteristics below 10 kHz PRF should be
regarded-as’relevant.

4.8(6:4.2.3 Global system for mobile communication (GSM)

This digital cellular telecommunication system operates in the 900 MHz (GSM 900) and
1 800 MHz (GSM 1800) frequency bands (outside the US). The offset between uplink (mobile
to base station) and downlink is 45 MHz (GSM 900) and 95 MHz (GSM 1800) respectively.
The occupied bandwidth is 300 kHz and channel spacing is 200 kHz. Modulation for constant
spectrum envelope is achieved with Gaussian Minimum Shift Keying (GMSK). The error
correction mechanisms applied are different for traffic channels (1b bit) and other bits (Class
2 bits). Therefore different bit error rates apply: BER, RBER 1b and 2 (residual BER) and FER
(Frame error rates). The test set-up and signals of Figures 129 and 130 have been used, with
a mobile communication tester as a signal source.
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GSM 900 Type 1 downlink /= 947,4 MHz RBER 1b = 0,4 % 400 frames -90 dBm
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Figure 158 — Weighting characteristics for A (signal level =90 dBm)
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The characteristics typically rise at 10 dB/decade between 100 kHz and 2 kHz with a steeper
slope below about 2 kHz PRF. Unfortunately measurements below a PRF of 1 kHz were not
possible due to instability of the test system. The results shown in Figures 158 and 159 are
very similar to the BER and RBER 1b curves of Figure 160 similar to those published in [54]
and [55] using the simulation software COSSAP. The values obtained in Figure 160 have
been calculated assuming a pulse-modulated carrier with a pulse duration of 2 us as the
interference signal.
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C/I Improvement for 7= 10 us
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Figure 161 — Rms and quasi-peak values of pulse level
for constant effect on FM radio reception
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Figure 161 is not a weighting characteristic! It shows that the rms value of the pulse level w

ith

2 us width is closer to being constant than the quasi-peak value. This has been shown for

other pulse widths as well but is not presented here for reasons of space.

4.8.6.5 Weighting for band E (1 GHz through 18 GHz)
4.8.6.5.1 GSM system

The weighting characteristics found for a mobile operating in the 1 800 MHz (GSM 1 800)

frequency band is very similar to the system operating in the 900 MHz (GSM 900) frequen

cy

bdnd (compare Figure 162 with Figures 158 through 160). The offset between uplink (mob
to| base station) and downlink is 95 MHz for GSM 1 800. As in Figures 158 through 160,
cyrves are rising below 2 kHz PRF with a slope of more than 20 dB/decade—See Figure. 162
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DECT is_used in homes and offices for distances up to 300 m (in picocells). It provides
ch
b4

ndwidth is = 1,5 MHz. For speech data reduction Adaptive Differential Pulse Co

The data stream for testing is Pseudo Random Binary Sequence (PRBS). See Figure 163.

annels->spaced 1,728 MHz apart in the frequency range 1,88 to 1,90 GHz. The occupi¢d

Ie
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DECT FP f=1897,344 MHz, BER =2 %, Evaluationtime =5,0s
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Figure 163 — Weighting characteristics f el —-83 dBm)
The weighting characteristics for DECT “shot 0 dB/decade in the range
bgtween 50 kHz and 500 kHz PRF in ¢ : J)r narrow pulses and a ste¢p
slppe below about 10 kHz PRF. Only fe » e\widths, the weighting characteristic |is
flat.

4.8.6.5.3 Code Division‘Multi 2 stems 1S-95 and J-STD 008
1§-95/J-STD 008 have S Telecommunications Industry Association)
and are used in z to 900 MHz (1S-95) and 1,8 GHz to 2,0 GHz.
The occupied @N 3 dB: 1,23 MHz). The modulation is done wlthh
Qliadrature Phase y _For the uplink (mobile to base station) the optimym
sgtting of the recéive wernat theNbase station is controlled via power control bits. S¢e
Figures 164 and
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I1S-95 forward f=878,49 MHz, FER =2 %, -83 dBm, full rate
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Figure 165 — Weighting characteristics for J-STD 008 (signal level —97 dBm)

4.8.6.5.4 Third generation digital radiocommunication systems
Two different systems have been investigated:

— wideband CDMA (W-CDMA), which is going to be deployed in Europe, and
— CDMA2000, which is mainly going to be applied in North America and some other areas.
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Tests have been made on both systems. However at the time of testing, available mobile
phones for W-CDMA did not give stable BER results in the test setup (loop back) with the
mobile testers. So, only results for CDMA2000 are available now. Results for W-CDMA will
certainly become available at a later date. They have been used later with success for
evaluating the interference effect to spread-spectrum clock signals (see [50] and [51]).

CDMA2000 as described by Third Generation Partnership 2 (3GPP2) is an access method
intended for use in the IMT-2000 proposal for Third Generation (3G) cellular telephone
systems. The system is based on spread-spectrum codes and provides high and variable data
rates. It is an evolutionary development of 1S-95 (cdmaOne) which is also based on Code
Dpmain Multiple Access (CDMA) to the air interface. This means that the individual channgls
ane separated from each other by individual codes. The basic chip rate is 1,228 8 MHz.“All
IMT-2000 compatible systems feature transmitted bit rates of up to 384 SNUp to a“cruising
speed of 500 km/h, in urban areas up to 120 km/h. See Figures 166 andxl

CDMA2000 forward f= 1955 MHz; FER =0,5 %; data rate 9,6 kBit/ss.signal le\el
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aracteristics for the Frame Error Ratio (FER) of CDMA2000
ignal level of =112 dBm) for a low data rate of 9,6 kb/s
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CDMA2000 forward f'=1955,0 MHz; FER = 0,5 %; different data rates;
signal level -106 dBm; pulse width 0,1 us
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Figure 167 — Weighting characteristics for the tio (FER) of CDMA2000
(measured at a receive signaliev different data rates
(9,
For higher data rates (e.g. 384 kb/s, i ilable for the test), the system would
st|ll be more susceptible to.impulsive di . e higher data rates, the faster risifg
knee (corner frequency) ig shifteg¢to : emains high compared to 1 kHz.

4.8.7 Effects of spread-s interference on wideband

radioc@
It| was argued thdt

ive (i.e. broadband) and unmodulated or pulske-

mpdulated narrowbha i may not completely reflect today’s sources [of
interference. In thjs ¢o question on the effect of spread-spectrum-clock signals came
up. This type i Q the recent past raised the concern of spectrum regulators and
sgme studi ; Pplished. Spread-spectrum clocking reduces the measur¢d
emission/Teyeh of\computer clocks, but what is the effect of spread-spectrum clocking ¢on

systems? Spread-spectrum clock interference was expected [to

vigctim radiocor
: & effect on wideband radiocommunication services. Therefore DVB}T

hqve an espegi
and W-CDMA,a

signah distributes the clock power over a frequency band wider than the EMI measurement
bandwidth and thus reduces the emission level, when measured with a bandwidth as narrqw
as e.g. 120 kHz. In Table 37 measurements are shown for a frequency-modulated clock signal
spectrum and of the corresponding unmodulated clock signal with f.onte = 500 MHZ, fi,04 =
30 kHz (sinewave), spread amount § = 3,5 MHz (i.e. the spectrum width due to modulation)
and a peak level reduction A = 5,0 dB.

T}e application of frequency modulation or other spread spectrum modulation to the clogk
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Table 37 — Example of measurement results in dB(uV) of unmodulated
and FM modulated carriers for various detectors (bandwidth 120 kHz)

. FM modulated carrier FM modulated carrier
Detector Unmodulated carrier .
for highest peak for centre frequency
Pk in dB(uV) 55,6 50,39 44,3
Qp in dB(nV) 55,4 49,30 43,16
Av in dB(uV) 55,38 38,38 37,12
Rms in dB(1Vv) 55,38 172,50 33,87

Using the measurement bandwidth of 1 MHz at 2 GHz (with a proportiorratty_highern spread
amount) reduces the differences between unmodulated and FM modulated carriers-to” 1,2 4B
for the peak detector, 17 dB for the average detector and to 11 dB for the

CPMA systems to unmodulated carriers (i.e. clock signals) is odulation.
Considering

the system to clock signals,

frequency modulation causes a tota
2% dB + 6 dB = 31 dB.

been especially designed to suppregs

un shall be pointed out that the EMI

m i atch the~handwidth of possible victim radiocommunicatipn

f ' ftage 10 describe the detector function for variols
m . 3 G or js used for the measurement of spread-spectrym
mpdulated emiss 2 will be proportional to the square-root of the
m ) c dquency range of CISPR bands C and D, the
radiocommunicatjo dwi ave always had a wide range of values. Narrowbanpd

FIM with as few as 7,5 > hand and the amplitude-modulated TV signal spectrum
including the fesi i ith as much as 6 MHz on the other were in use until recently
and the 120 kHz was 2 e measurement bandwidth. This situation has not changed
vgry much “with fhe |ntruct|on of TETRA (bandW|dth approximately 25 kHz) and DVB}T

Analysis™e e various weighting characteristics and proposal of a weighting
detector

10 dB per decade of pulse repetltlon frequency. A decrease of 10 dB per decade corresponds
to the weighting function of an rms detector (see Figure 130). Below this corner frequency,
the weighting function decreases with a higher rate. A higher rate of decrease (20 dB/decade)
can be achieved using the linear average detector function. This behaviour can be
approximated by a combination of two detectors, the rms and the linear average detector. The
average detector applies the meter time constant as described in CISPR 16-1-1 for
intermittent, unsteady and drifting narrowband disturbances. Figure 168 serves to understand
the meaning of the corner frequency. It is not possible to satisfy the protection requirements
of all services with the same perfection, therefore the selection of the various corner
frequencies between the proposed average and rms weighting functions in each band can be
regarded as a compromise. Where corner frequencies for different pulse widths are different,
the corner frequency for the shorter pulse widths apply, as the detector weighting always
applies to the shortest possible pulse width, which is determined by the measurement
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bandwidth. It is proposed to keep the measurement bandwidths specified in CISPR 16-1-1 for
CISPR bands A through E.

Table 38 — Survey of the corner frequencies found
in the various measurement results

sysom | Biopesreenie |13
DRM 49, 57 0,1/0,005 10 Hz chosen for feasibility
D\B-T 79,58 U,T-10 7. depending on wpb, modutation and coding
DAB 49, 56 5 f¢ partially depending on w,
THTRA 56 0,5 narrowband system, mainly used belo@ 1 G\HK
G$M 900 52, 55, 56 1,5 above f;:very close to rms
FNI 49 <0,5 weighting characteristics follo(s r}\&\d\ow\b\"{k%
G$M 1800 52, 55, 56 1,5 above f;:very close to r

DECT 57 50 above f.: flatter tham N

\
1St95 57 2 very similar to J-ST S\a%vwe)o rms

J-$TD 008 57 5 very S|m|lar/{6 |S-95,}K%§(\C|OS%O rms

CIDMA2000 57 50 data ra;.e\g,‘Q kﬁs/abme}c\\cur%{are very close to rms

CIDMA2000 57 10/\ datgrate 7},8 kbés; éeé/e‘&}urves are very close to rms

/. is the corner frequency.

b is the pulse width.

A$ a result of the values fo

d in Tabl 38,%0“ Worner frequencies were selected:

as selected for Band A, in order to give the rms detector a function similar
allow the use of the meter time constant in order to provide an asymptgte
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RMS+Average weighting detector compared to existing detectors
(example as proposed for bands C and D)

70
60—
\\\\RMS'AV \\ = Average
N
m 50 b e
: N L T
8 40 \
(o))}
S
_‘E) 30 NI comer N &
(] frequency
= 0 L]
I ‘ ‘
10
0
1 10 100
C 2040/06
The asymptote of 58,7 dB near 1 eter time constant.
Figure 168 — The proposed rm 3 3 ISPR Bands C and D
with a cor e i

Peak
reading

IEC 2041/06

Th
Th

In| Figure 169 a digital rms detector with rms computing times of 10 ms, followed by a digi{al
lifear average detector results in the rms-average weighting curve of Figure 168 for the
shortést pulse width allowed by the measurement bandwidth of 120 kHz. Rms computing
times) of 10 ms will give rms values of the disturbance signal within 10 ms. The 10-ms packdts
are then weighted using a linear average function. The peak reading function after a meter
time constant of 100 ms is effective then for low repetition pulses (f, below 10 Hz), which
causes the weighting curve to approximate the asymptote of 58,7 dB.

Conclusion: it has been shown experimentally and partly numerically that some detector
functions that are currently in use in CISPR product standards

— either indicate a higher interference potential of impulsive disturbance than the interferer
actually represents (i.e. they overweigh the disturbance) if “peak” and “quasi-peak”
detectors are used, or

— indicate a lower interference potential of impulsive disturbance than the interferer really
represents (i.e. underweigh or de-emphasize the disturbance) for the “average” detector
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with respect to the possible interference effect on digital radiocommunication systems,
whereas using the rms-average detector represents the interference effect rather well.

4.8.9 Properties of the rms-average weighting detector

For CISPR weighting functions, the pulse width is always assumed to be defined as the
inverse of the measurement bandwidth, corresponding to the response to the Dirac pulse.
Therefore the weighting functions of the rms-average detector are shown in Figure 170 for the
shortest pulse widths allowed by the bandwidths specified.

RMS+ average weighting functions for bands A, B, C/D and E

80 n
U L T T |
70 Ty e
= RMS-AV Band A
60 ] = RMS-AV Band
% ‘\\\ \\\k
S 50 P
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Figure 170@5 > S i nctions for CISPR Bands A, B, C/D and E
for the ortest k D Wi >
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If the rms-average weighting detector is used with a wider measurement bandwidth than tie

one spegified, then the weighting curve will be shifted due to the shorter pulse width as shown
in[Figure 171.
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RMS+average weighting detector for bands C/D used
with 120 kHz and 1 MHz bandwidths

70 ‘\HH [ LI 1T

= RMS-AV 120 k
60 ¢ iy RMS-AV 1 MHz []
™ = Peak
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Figure 171 — Shift of the rms-a

Mgasurement speeds: Measurement
receiver can be made similar to those
C|SPR 16-2-1, CISPR
sybstantially faster tha
measurement times wi

g
vers using the average detector (s¢e
), i.e. measurements can be madge
receiver. The definition [of

The process of' 2 limits #d on the rms-average detector has to take infto
agcount the effects of"x or
upmodulated sinewave sig >Ctors will yield the same result. For Gaussian noise,
the rms-average asSu[i e he
ayerage detectar le an the quasi-peak detector (for bands C and D) level and

10 dB lower thanthe pe in
lejels betwee ge detector level and the quasi-peak detector or peak detectpr
infications. e rms-average detector is applicable for all types of continuols

dipturbance:

Table 39 .shows examples of measurement results for some broadband disturbance sources,
measured with the average, rms-average and quasi-peak detectors at frequencies in bands|B
and €. The measurements were taken in a small round-robin test, conducted in Germany |in
2004;
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Table 39 — Measurement results for broadband disturbance sources (measurements
with rms-average and quasi-peak detectors are normalized to average

detector values)

EUT f Average value Rms-average Quasi-peak
minus average minus average
MHz dB(uV) dB dB
Hairdryer 1,0 32,75 +3,39 +11,81
Hairdryer 35 33,80 +8,49 +26,84
Washing machine 1 0,768 20,67 +4,74 +21,79
Washing machine 1 124 13,68 +3,80 +19,91
Washing machine 2 0,71 26,98 +1,71 ( +9,22
. ) N
Washing machine 2 116 18,90 +3/,\9< C +22,04
Taking into account that the rms-average measuring receiver addres es fects |of
al| types of continuous emissions, it is possible to define one li limit coyld
b¢ used and the limits for average and quasi-peak (or pe olld be”merged into
one single limit, isturbances like

cd
af
b

C
dd
o
e

4
4.0.
4

ring radiated disturhancé
fine the com@
lume.

mmittees i.e.

except for cases of discontinuous
mjcrowave oven emissions However, i

C ercise the EUT during the test) leave the test volume at the
adiation at frequencies between 30 MHz and about 200 MHz is frgm
nna. The EUT together with the cable and the ground plane of tme

mission

ade by product
limits. The

ous disturbances is [to

pplied on cables leaving the test volume
ite. The purpose of this part of CISPR 16 is fto
at the point where the cable leaves the tgst

FUT in a radiated emission measurement test set-up for

. the power supply cable, telecom cables, or other

pends on he~JF source (at the EUT connection of the cable), on the current distributipn
M currentyon the~able), and length of this unintended antenna. The current distributipn
pendstupon the CM impedance at both ends of the antenna.

a
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Figure 172 — Example of a simple EUT mode

EUT
———— 1
l| External Point A Top loaded
cable monopole
antenna
LV
/ Point B
P ———
Ground plane Ground plane

[EC  2044/06

The CM impedance is unknown at both ends of the cable igure 172). The
CM impedance at point A is determined by the EUT a . For a given EUIT,
the value is fixed whenever the test is performed c EUT. However, the CM
impedance at point B (Z;;55rent) May vary at eac y, and can have any valye
bgcause actual test procedures give no \ M impedance at this point. The
agtual value depends on the constructi st'laboratory outside the tgst
vglume. Examples are given in [60].
It|has been shown [60] [61] that the v we yndgfined CM impedance at point B can
lepd to variations as shown\i 2 iated issions measured from small EUT|s.
The sizes of these small E v 0 oxyby 10 cm by 10 cm and 50 cm by 30 dm
by 30 cm.
Table 40 @ |a ions\between different laboratories for small EUTs
i he impedance Z,,,,,on¢ at point B
W Possible maximum deviations of the
radiated emission results between
/\ different laboratories
. 230'WHz 150 MHz 10 dB to 25 dB
< AN 50 MHx to 120 MHz 5 dB to 15 dB
7 120 MHz to 200 MHz 2dBto7 dB
NQTE The-variations of the cable layout in the test volume are not considered in this context. Table 40 does ot
in¢lude thé“variations of the radiation emission results due to variations in the cable layout.
T ne
compliance uncertainty to a negligible amount.
4.9.1.2 Important properties of CMADs
The main purpose of a CMAD is to ensure that the CM impedance Z ¢ at the point B of

Fi

ar

apparen

gure 172 is always the same, independent of the undefined impedance at the cable
entrance to the test volume in the different laboratories. Therefore the following two properties

e important:

the cable including the CMAD should have a CM impedance Z,,,,ent (OF Sq1apparent)

within a specified tolerance;
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e the CMAD impedance Z,, ,rent (OF Sqqgpparent) Should be independent of the CM
impedance at the other end of the CMAD.

An additional purpose of a CMAD can be to attenuate disturbance signals not produced by the
EUT, in order to distinguish between the EUT as a disturbance source and other disturbance
sources. For this purpose, the insertion loss 4, of the CMAD can be used as a figure-of-
merit.

NOTE 1 The insertion loss 4 is comprised of two components:

AN ol PP H H 4 H rea—tlhad H |
oSSt e to—atSStpatom St ete—aevieeTanta

b) loss due to mismatch between CMAD and line.

If two CMADs are used in cascade, the resulting insertion loss in genera thersum of the

individual insertion losses.

NQTE 2 The primary function of the absorbing clamp described in Clause 4 a 1-3 [6]]is
fof the measurement of interference power. Depending on the ferrite matéri od, & e of absorbipg
cladmps are suitable as CMAD.

NQPTE 3 The EM clamp defined in IEC 61000-4-6 for RF-injection imm
CMAD as described herein.

4.9.2 CMAD as a two-port device

4.9.2.1 Simple model of a CMAD

Usually CMADs are constructed usi ite clamps. Ferrite clamps have the
advantage of being applicable to any type of(ca within a range of diameters. Fpr
measurements of the CMAR characte 'stic test sable is replaced by a well-defined tgst

cqnductor. In Clause 9 of CNSPR 186~1-4 test sonductor of 4 mm diameter is defined,
lopated above a groung l.definedvby the dimensions of the CMAD (typically
30 mm). The CMAD (fe e test conductor above the ground plane [is

rejgarded as a tV@r
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Reference planes
close to the mechanical end
of the CMAD under test

CMAD under test

Ground plane

Reference

plane
1

IEC. ..
Figure
Altwo-port devi escrined\by the S-parameters measured at ports 1 and |2.
The S-parameters™dre sharacteristic impedance, Z., of the test conductpor

above the ground

(21)

where

Zy is the free-space impedance (1207) in Q;
d is the test conductor diameter (defined to be 4 mm);
h is the height of the centre of the test conductor above the ground
plane.
EXAMPLE Typical values of Z..¢ for various heights h:
h Zrnf
30 mm 204 Q
65 mm 248 Q
90 mm 270 Q

Any two-port network may be represented using various sets of parameters; each of these
gives a complete characterisation of the two-port device. Examples of two-port parameter sets
are:

e Sy, Soq, S4p and Sy, — S-parameters: four complex numbers, related to a reference

impedance Z,gy;

e A,B,C,D (ABCD matrix: 4 complex numbers);
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Other types of two-port parameter representations are described in the literature, but do not
offer any advantages in the present context.

4.9.2.2 Parameters of a CMAD represented as a two-port device

The performance of a CMAD can basically be defined by the four complex S-parameters when
measured as a two-port device in a test jig. The test conductor in the test jig has a diameter of
4 mm. The height above the ground plane, 4, is defined by the dimensions of the CMAD.
These two parameters define the reference impedance, Z. for the S-parameter
measurements. If the CMAD is symmetrical, S;4 and S,, have the same value. If the device is
ngt symmetrical, the test report shall describe which port was used for the §;, test (the-epd
clpsed to the EUT to be used for radiated emissions measurements), or the results shal-be
rejported for both ports of the CMAD.

4.9.2.3 Conversion between S-parameters and 4BCD-parameters L network
element

The conversion from S-parameters to 4BCD-matrix represent i [ g
equations (Z, is the reference impedance to which the S-paxams S :

(1+ S14)1= S92 )+ S12521
2521

_ (1+ 514 )1+ Sp2) = S12524
B= 2521 ref (23)
_ [(1=519)01-550) - S12523/ 2
- ZeerC (* (24)
D= (1—S11)(1+S22)+S12S2 % (25)

The inverse equations

A=

(26)
(27)
(28)
(29)
where
, B
B = 30
Zref ( )
cl—Cz (21
Tef o}

NOTE All operations in the preceding equations are for complex numbers. All parameters are functions of
frequency. The equations are valid at each frequency point.

4.9.2.4 Range of variations for §;, due to undefined impedance at the far end of a
CMAD

The apparent impedance of a two-port network element characterized by its ABCD-parameters
is given by:

AZgng + B

CZend +D (32)

Zapparent =
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From this equation the §,4 parameter can be calculated using:

Zapparent ~ 20 (4-=CZy)Zopg + (B-DZy)

S = =
1apparent Zapparent + ZO (A + CZO )Zend + (B + DZO )

(33)

Z

a
of Z

pparent @Nd S11apparent are the values seen at port 1 if port 2 is connected to an impedance

end-

Both quantities Z,,,4r6nt @Nd S11apparent are a conformal mapping of Z,,4, expressed as:

aZeng +b
A = “%end 77
fZena)= 2 (34)
The general form of the equation for this type of conformal mapping igs
_ az+b (35)
cz+d

This type of function has the property that it transforms stra : irgles in the z-plane
info either straight lines or circles in the f~-plane. In partic i s of z are restricted
to| positive real values, the transformation of this half g o in a gircle in the f~-plane, as
shown in Figure 174.

: Y
/// fo
%%%%%%Z? i
)
<
z-plane f~plane
— Conformal mapping between z-plane and f-plane
The centre of ¥hi
_ bc—ad a | |
_m+? (complex value) (36)
The-radius of this circle is:
|ar|= #Zj/c) (scalar value) (37)
The maximum value of |f| is then:
|f|max =|fo|+|Af] (scalar value) (38)

The minimum value of |f] is then:

lemin =Wol=I7] 1 [fo| >[a7] - else  [£];, =0 (39)
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Using these relations for Z,, ;¢ gives the following parameters:

Position of the centre of the circle:

VA BC=A4D + (complex value) (40)
apparentcentre = _ 5 '
PP 2c?Re(D/C) C
Radius of the circle:
BE—AD
AZ spparent| =—————— (scalar value)
PP 2c2Re(D/C) (D)
Mpximum value of Z,,54rent!
|Zapparent |max = |Zapparent centre| + |AZapparent| (42)
Mjnimum value of Z,,;;ent:
Zapparent min — |““apparent/center _‘AZapparent if
|Zapparent centre| > |AZapparent 15§ (43)
|Zapparent|min =

For S44 the relevant parameters are giv

Position of the centre of the circle:

A-CZy

S11centre =
(44)
Radius of the ci
(45)
Mpximum
|S11apparent|max = |S11centre|+|AS11| (46)
Mjnimum value of |S11apparent|:
|S11apparent|min = |S11centre|_|AS11| if |S11centre| > |AS11| else |S11apparent min 0 (47)

4.9.3 Measurement of CMAD
4.9.3.1 General

The CMAD parameters are defined as parameters of the two-port network measured at the
reference planes with the reference impedance Z.; given by the dimensions of the test jig
cross section at the reference plane. Vector network analysers (VNA) used to measure the §-
parameters operate with coaxial connectors having a characteristic impedance of 50 Q.
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Between this 50 Q coaxial connection and the non-coaxial configuration of the two-port device
to be measured, an adaptor is needed to convert the 50 Q coaxial connector to the geometry
of the two-port device to be measured. Figure 175 illustrates the relevant set-up.

Reference Reference
plane plane

2-port device

Reference
Reference plane 1
plane 2 !
50 Q | i 2-port device
'—' 1
IEC 2047/06
oaxial system to the geometry

If the TRL (throug;- < i ibration method is used, it is possible to define calibratipn
at| reference plane i 5 he measurement result is directly referred to the

cqnnections of th e at feference plane 1, and the measurement result does njot
intlude the ads ents based on TRL calibrations are therefore recommendé¢d
for accurate\ meas CMAD characteristics. The details of the TRL calibration
method arfe~describedin

TeTre classica hort-open-load-through) calibration method for a VNA is made at the
erence plane igure 175 for which the necessary calibration kits are commercially
ayailable~Jf this calibration at reference plane 2 is used, the properties of the adaptors are
|n,Iuded in the measurement result.

two alternative methods are described in 4.9.3.3 and 4.9.3.4:

a) measurement with SOLT calibration and position shifting (matching adaptors);
b) measurement with SOLT calibration and transformation to Z . (lossless 50 Q adaptors).
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4.9.3.2 Measurement with TRL calibration method
4.9.3.2.1 General

The TRL calibration method is based on the model shown in Figure 176 [62] [63].

Error due to
adapter B including
cables

(Port 2)

Error due to
adapter A including
cables
(Port 1)

IEC 2048/0

Reference Reference
plane plane
1
: :
! 1
:
50 Q | 2-port device 50
1 1
g 22aR NN |
X N I/ >
1
: I xr v
! |
]
e10 1 a S21 b\ \ead b
ag i Ll 3
' \/
) 11! S11 e33
1
€01 ' S12
bg . A\ as
|
|
|
1
1
1
1
1
1
1
1
]
1

of]
m

Four calibration configurations are necessary for the TRL calibration:

e) ‘reflect” (port 1): measuring the complex value S;4 of the adaptor section and
port 1 without any other connection (simulating an open) — see Figure 177 a);

adapter

at

f) “reflect” (port 2): measuring the complex value S,, of the adapter section and adapter at

port 2 without any other connection (simulating an open) — see Figure 177 b);

g) “through”: measuring the complex values S44, S12, S, Soo With the two adapter sections
directly connected together (without the transmission line section in between) — see Figure

177 c);

h) “line”: measuring the complex values Sy, Sy, Soq, Soo With the transmission line section

introduced — see Figure 177 d).

The results of these calibration measurements are 10 complex numbers for each frequency.
Many VNAs have firmware for the TRL calibration included. If the VNA includes firmware for
TRL calibration, it will use these reference measurements to calculate the proper corrections
for the TRL measurement. If the VNA does not support the TRL calibration, the necessary
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corrections can be made externally according to the procedure described below (4.9.3.2.2 to
4.9.3.2.5).

The characteristic impedance of the “line” section has to be known exactly and is introduced
into the calibration data used by the firmware of the VNA. Some firmware also asks for the
electrical length of the “line” section, but theoretically only the impedance is needed. The
properties of the adaptor section and adaptors outside the calibration plane do not need to be
known for the TRL calibration. These properties are measured in the calibration procedure
and are compensated directly by the TRL calibration. Any type of adaptors may be used.

Reference
plane

50 Q

'
) Configurationffor the calibration measurement “reflect port 1” \ EC
! 2049/06

50 Q

1

&N >

[
» | IEC
|
|
'

eflec: rt

(=2
-~

Configuration for the calibra 2050/06

1
1
|
50 Q (\ | 50 Q
AW | IEC
calibfation medsurement “through” 2051/06

Reference
plane
1

O

Line

1

1

1

I

& »
| L
!

|

|

50 Q 50 Q

|
| IEC
2052/06

NOTE The length L of the reference line for the calibration needs not to be the same as the length
used for the measurement of the CMAD. The length of the reference line for the calibration
procedure has to be selected according to the frequency range needed.

d) Configuration for'the calibr%ation measurement “line”

Figure 177 — The four calibration configurations necessary for the TRL calibration
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The length of the “line” section during the TRL calibration establishes the frequency range for
which the TRL calibration may be used. This limitation results from the mathematical

procedure used in the TRL calibration, where for some frequencies a divide-by-zero
small values) is possible and shall be avoided.

(or very

If the length of the “line” reference is L, the frequency range shall be limited to between low

and high frequencies f| and f as follows:

£ =005< and
L

C
=045<
JH 7

w

S
w

.p.3.2.2 Measurements

e results of the four calibration measurements s
ble 41, where the subscript M denotes measured yal

Reflect port 1

Table 41 - Calib@@%me t l@.ll s format
PN ~

Reflect port 2 S22 m

S11,m

N

SqaMt
1

12MtS 21Mt—S 11MtS 22, Mt

Through
—S20 Mt

|

S12MdS 21Md—S11MdS 22Md S 11Md
=822 Md 1

i _[

|

S11
1

So1—S14S
128218115 22 }and
-S22

T12
1

4932

(50)

(51)

From the calibration measurements, the conversion parameters are derived according to the

following procedure:

Define the Matrix M as:

M{
ma1q

Define the Matrix N as:

mqq M2

m22

|

1
jETMdTMt

12
n22

_ (”11 _
n24

-1
N vt Tmd

(52)

(93)
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Solve the preceding equations with respect to x:

m21x2+(m22—m11)x—m12 =0 (54)
This gives two solutions. Give the two solutions the names x; and x, such that |x| > |x,|.

Solve the equations with respect to y:

2
n12y° +(ngp —ny4)y —npq =0 (55)
NOTE Take note of the indices — not the same as the previous equation
Thic aivac fwa caluticone Civa tha s calitinne tha Ao e and cneh that Lo |
Hhis-gives-tweo-selutions—Give-the-two-selutions-the-Ramesyrandrysueh-thatymr>1ro
Define a, b, ¢, and d as follows:
a = X1
b = XZ
(56)
c=M
d=y;
Define also the following variables:
600 = b
633 = —d
Syqm—b
A=
S1im —a
(57)
= o2Mte
S22,M +d
_Simt—b
3= —t
(58)
oot to take and therefore we compute the real part |of
(59)
d valye of 1 for OPEN and near a value of -1 for SHORT. If not, take the
Pérform the further computations:
exo = f3/eqq
exzesn =exp(c—d) (60)
e10e32 = Spqmt(1—e11e22)

Determine the forward conversion parameters eq, €11, €99, €33, as well as:

A, =egper11—€10€01
A, =epye33 —e3pen3
g (61)
€10€32

€23€32

k=eqg/eps =
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Determine the inverse conversion parameters:
inv
eg0 = €00/Ax
inv
e =eqq/A,

inv
exn =ex/A,

. (62)
e33 =es3/A,

Aigv = 1/Ax

Ay =V8y

gnv _ €018y tegoern—Ay Ay 1 egoerr/Ac—1

e3Ay kA, epez—A,  kepesz/A, 1
4.9.3.2.4 Forward conversion (from Sg¢ective 0 Smeasured)

If|S;; are the effective S-parameters of a network, then the me
cgmputed using:

N = (1= Sy1e1)1— Sp2e20)— S21S12¢11¢22 (64)
= [(eoo — $11A, 1= S20€22)— 24512
M12 = (Sy2/k)Negoers — A )/ B (65)
Mapq = (521k)(622€33—Ay)/N
Moo = [(ess—Szsz)(1—S11e1
4.9.3.2.5 Inverse co i€ ) effective)
The effective S- ined from measured S-parameters M;; using:
. ' —M21M126%n1 o5y (66)
— MM qely AT J/Ninv
(67)

These four S-parameters are the result of measurements using the TRL calibration method.

re

4.9.3.3 Measurement with SOLT calibration and position shifting — simplified method
4.9.3.3.1 General

The SOLT (Short-Open-Load-Through) calibration method is only possible at the reference
planes 1 and 6 shown in Figure 178. The influence of the adaptor section (between reference
planes 1 and 2, and between reference planes 5 and 6, of Figure 178 and the open length of
the test conductor (between reference planes 2 and 3, and between reference planes 4 and 5,
of Figure 178 upon the final result may be partially compensated by making two
measurements with the CMAD at two different positions inside the jig, then combining results
from these two measurements. This compensation is optimal if matching adaptors are used
(to match the impedance of the 50 Q coaxial connection to the reference impedance Z . of
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the test jig). The following simplified method may be applied in the frequency range from
30 MHz to 1 000 MHz.

4.9.3.3.2 Scattering parameter representation

Figure 178 shows a scattering parameter representation of the CMAD measurement. A
network analyzer is connected to the reference planes 1 and 6. Hence the measurement can
yield only the S-parameters, S;; 1, of the total system, while the S-parameters of a CMAD,
S;; o are to be determined. The total S-parameters are express in terms of the S-parameters
oil_the various sections as:

Si1_oe R Y) 4 Spq Sip_oSyy_pel /2Aa 18]
A-xX)1-7)-Z

(S117T)CMAD =511_a*+521_a512_a

. (68)
S21_aS12_aS11_Ce( J2pLp)
~S11at -
(Sp1 1)y = S21 aS21 oSa1_pel Alatis]
21_Tlemap = M2
[iB(La+Lg)] 69
_ 521_a821_cS21 b€
(1-X)(1-Y)
where
—j2fL
X= 522_3S11_ce( J2BLA)
—j2fL
Y =Sy, oStq pe /2B “

Z =53 o521 oS12_cShy_pel VPAIALE)
The approximate expressions in the a e_derived assuming that the insertipn
lops of a CMAD is relativel , because usually the insertion logs
isimore than 20 dB. Due {0 t of a CMAD, the unknown parameters [to
b¢ determined are Sy (=

bove equalo

P! P 4¢—P]
50 Q
| Ky e B B B S e R :I::‘
, N \\/ ' S —
P D! i st | i .
Y ' ] | | g
V' S21.a 1 exp(4BLa) S21_c ! exp(4Ble) 1 S21b |
S 2 : | |
S11_a 522_al! :511; S22 q 1S11_b 522_b
| &S12_a 1 exp(4BLa) | AT Sizc 1 exp(4BLg) :‘A/SQJ, !
[ T - Ml ) |
Reference ' ! ' ' :
plane 1 2 3 4 5 6
Adapter A P CMAD o Adapter B
—> < » «——=

IEC
20R3/NA

Figure 178 — Measurement of CMAD characteristics
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4.9.3.3.3 Estimation of [Sy4 |

The |521_c| of a CMAD under test is approximately given by

‘S21—°‘simple

empty

‘1—(S22 ., Reli28(ta+is+Lowno ) (71)

: : I[S21
“1 - 522_a511_ce(712ﬁLA)11 - S22_aS11_ce(712ﬁLB)j fe1.c

Sq

4

w
rel

4,

S
in
de

here

.9.3.3.4 Estimation of T (= |S11_c|)

The |S11_C| of a CMAD under test is approximately given

pere (Sq44 1)1 and (Sqq 7)o denote
spectively. Both adapters are assume

nce the adapters ) ) ismatgh~\{o some extent, uncertainty in the estimat¢d
sertion loss A4 ; Y

:‘ S21_a521_be(_j'8XL ) U S$21.a%1.b ‘
emply ‘1_522_aS1 el /P )‘ ‘1_S22_a51 1 pe /2P )‘

‘SZ'I_T‘

[(5117T)1r_ (5117T)2]9(_jﬁL)
~12BLR) _ oA

Ty =
simple (S21_T)empty le(

(73)

3 13 red W|th LA= LA1 and LAZ’
i.e. |S21_b|=|S12_a|

mp
rived from Eq

1+ 2‘S22_a ‘ X ‘S»] 1¢ ‘
AIL_simpIe < 2 (74)
1-|S22_4

3, the uncertainty in the case of simple adapters without matching
gllowing expression should apply to a set-up that does not have matching

fi+ [S22_a| %S4 1_c‘)2
‘2

(1 - ‘SZZ_a‘ X ‘51 1_0‘)2

> < error in 4 simple <
14522 4 1-[522 4

(75)

The following preliminary check of the test set-up shall be made with the SOLT calibration
before the CMAD measurement:

a)

b)

|So4 tlempty is the magnitude of S,4; 1 measured in the test set-up without a CMAD
introduced, as shown in Figure 179 a);™

| So1 1 lopen is the magnitude of S,4;  measured in the test set-up with truncated metal
rods as shown in Figure 179 b). The lengths of the rods, Ly and L,, are determined
according to Figure 178. The | S,4 1 |open data provides information about possible
adverse effects of direct coupling between the adapters.

During the above measurements, the distance between the flanges, L, is the same as in the
CMAD measurement.
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a) Empty jig

b) Open jig

Figure 179 — Preliminary measurements o

4.9.3.3.6 Uncertainty of I" (= |S11_c|)

E : imated |I'| caused by
mjsmatch. Theoretical and experimental analysis “yi ame expressions for the
unicertainty as shown in Equation ( K i . pation of the uncertainty [in
|1"5imp|e| caused by mismatch is done bsing\Eguatio ‘ quation (75), assuming a -

shaped probability distribution.

Another error is introduced’b it CM D during actual measurements. Errors [in

Limple| Can be estimated

—

fo
ag

~

2

B 1+ |S22_a|

= > (77)
|(S21_T Jempty |min 1- |522_a|

inLbwhich the adnptprc A_and B are assumed to be identical Thus_ variations in !QL,I T!umpty

versus frequency gives information about the reflection coefficients of the adapters.

4.9.3.4 Measurement with SOLT calibration and ABCD transformation to Z, . level

The SOLT calibration is only possible at the reference planes 1 and 6 shown in Figure 178
and in Figure 180. If lossless 50 Q adaptors are used, it is possible to measure the two-port
parameters at the 50 Q level then convert the results to the Z, level by applying the 4BCD
matrix method described in 4.9.2.3. The reference planes in Figure 180 have slightly different
positions to those shown in Figure 178.
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| La : Lp
: ' |
1
50 Q Zref |V A
| e
Lo ! !
Reference ' '
plane 1 2 3 4
Adapter A CMAD

The VNA is calibrated at reference planes 1 and 6. Th ramete interest are the
S-parameters at reference planes 3 and 4. The error daetq thi nceOf reference shall
be kept as small as possible, considering the following- 50 Q adapter is used,

and if the construction of the adapter is such tha impedance is maintained in the
section between reference planes 1 apd 2, it ig 3 ompensate the electrical delay
bgtween the two reference planes. Mg g ofmpensation for an electriqal
d¢lay. The length may be determined b ol asurement of the Sq4 with the
open adaptor and adjusting the delay by Wi ithchart until the result approaches
the result of an open circuit. The S- d by the VNA with electrical delay

adjusted and activated are ats atyeference planes 2 and 5.
Using the Equations (R2) te A = 50)Q, the ABCD parameters of the two-port
ngtwork between referense~la obtained. Equations (25) to (30) are used fto

transform the 4B« k -papameters, as referred to a new Z. (for example
204 Q for typica se S-parameters are the values referred to the
reLerence planes 2 a A and Lg, between the reference planes 2 and 3 and
the reference pl all (for example less than 30 mm for typical CMAD
dimensions), the \nflyet ife elements L, and Lg may be neglected (at least for

o | tolerance af<the calibration kit used for the calibration at the reference plane 1 and 6;

e | tolerance 'of the mechanical dimensions of the test jig;
¢ | impedance value of the adapter section between reference plane 1 and 2 or 5 and 6;

o | Gelectrical length of the adapter section between reference plane 1 and 2 or 5 and 6;

e tolerance of the delay compensation for the adapter section between reference
plane 1 and 2 or 5 and 6;

e distance between adaptor and CMAD (L, and Lg).

4.10 Background on the definition of the FFT-based receiver
4.10.1 General
In this subclause the following nomenclature is used:

a) upper case letters such as X are used to describe signals in the frequency domain;
b) lower case letters such as x are used for signals in the time domain;
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c) gapless non-sampled signals are written with round brackets x(¢);
d) square brackets such as x[r] describe sampled signals;

e) two dimensional signals (arrays) are described with two indices e.g. Z[n,m] and in upper
case letters.

4.10.2 Tuned selective voltmeters and spectrum analyzers

Initially, tunable selective voltmeters were used to carry out emission measurements. This
type of instrument routes the received signal through a preselector using a band-pass filter,
th i i i= ical
provements to instrumentation then offered the possibility of performing stepped scarls.
ch instruments are referred to as EMI receivers.

S

Ch
ler

For pre-compliance and compliance measurements, spectrum analyzer
ugually perform a swept scan. The disadvantage of tuned selective

lohg time it takes to complete a scan across an entire frequency ba s
Cland D). Such scans can take considerable time, especially to
b¢ measured or when the quasi-peak detector is used. Sp e

S\
F:

h instruments may
| receivers haye

th ) ingle frequency at any
pq

R [ ; [ Is offered the possibility o
ref i M s S ipment. Modern EMI receivelrs

an i 3 equency and digital circuits [to

si gy
in

ed analogue-to-digital converters (ADQ),
systems can be imple he spectrum at several thousand frequencies.
T erical mathematical method that calculates the

e discrete Fourier trg 1
spectrum for a ic 4 s With/a reduced number of multiplications are appli¢d
by the fast Fouriertranst ses decimation in frequency (DIF) and decimation|in

time (DIT) [68].

However, a sihg , ation will not yield the same result as measurements with|a
i ds FFT analyzers are not suitable for use in emissipn
can be obtained only if the IF filters and the detectors are

the given{measurement uncertainty as a tuned selective voltmeter. Its advantage is the
significantly reduced scan time that is achieved by the parallel calculation at sevefal
frequéncies [69]. Such instruments are called FFT-based receivers.

4.10.3 General principle of a tuned selective voltmeter

EMI receivers measure emissions in the frequency domain. The measurement for a given set
of frequencies is performed sequentially. Modern EMI receivers are based on the
superheterodyne principle. The block diagram of a conventional superheterodyne receiver is
shown in Figure 181.
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IF-signal

D
T

o K

Kgy

1| Preselector 5 IF filter
2 | Attenuator 6 Detector
3 | Mixer 7 Metep

4 | Local oscillator

T:|:e preselectio
This filtering procgse

impulsive signals,

enuator allows the control of the amplitude level at t

mjxer to avoid overtoad and" t sure linear operation. A mixer and a local oscillatpr
pgrform a doWn i of\the signal to an intermediate frequency (IF). The signal |is
filfered by an IF bandd iltep” CISPR 16-1-1 defines certain IF bandwidths for each CISAR
gnd. Egz Q to meet the requirements defined by a mask. The IF signal S|g(7)|is

mpde availabl
The analogueroutput signal S|g is described in the frequency domain by:

Sip(f)=S8(f - fset + /iF JH (/) (78)
whére

Jsel is the selected frequency,

NE is the intermediate frequency, and

H\g(f) is the amplitude response of the IF filter.

The measured signal is shifted to the intermediate frequency f and multiplied by the
frequency response of the IF filter. The output signal is weighted with the peak, average, rms-
average or quasi-peak detectors for the selected dwell time.
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