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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTEGRATED CIRCUITS -
MEASUREMENT OF ELECTROMAGNETIC EMISSIONS;
150 kHzto 1 GHz -

Part 1: General conditions and definitions

2018

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization com

rnational co-operation on all questions concerning standardization in the electrical and €lectronic fiel
end and in addition to other activities, IEC publishes International Standards, Technical Specific

rising

national electrotechnical committees (IEC National Committees). The object of IEC s to prpmote

fis. To
htions,

chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| "IEC

Pyblication(s)"). Their preparation is entrusted to technical committees; any IEC Natiomal Committee intefested
in|the subject dealt with may participate in this preparatory work. Internatiofal,” governmental andq non-

ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates glosely

with the International Organization for Standardization (ISO) in accordanee with conditions determined by

htional
bm all

htional
bf IEC

Pyblications is accurate, IEC cannot be held responsiblefor the way in which they are used or fgr any

4) In]order to promote international uniformity, IEC National Committees undertake to apply IEC Publidations

befween any IEC Publication and the corresponding national or regional publication shall be clearly indicated in

essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
rvices carried out by independent cettification bodies.

users should ensure that they.have the latest edition of this publication.

7) N( liability shall attach to IEC(onits directors, employees, servants or agents including individual exper|
me¢mbers of its technical committees and IEC National Committees for any personal injury, property dam

er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee

Pyblications.

This

ention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
ispensable for‘the correct application of this publication.

ention isldrawn to the possibility that some of the elements of this IEC Publication may be the sub
ftent rights: IEC shall not be held responsible for identifying any or all such patent rights.

itself does not provide any attestation 0f conformity. Independent certification bodies provide conflormity

br any

s and
hge or
) and

penses arising out ©f\'the publication, use of, or reliance upon, this IEC Publication or any othgr IEC

bns is

ect of

nges

made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 61967-1 has been prepared by subcommittee 47A: Integrated
circuits, of IEC technical committee 47: Semiconductor devices.

This second edition cancels and replaces the first edition published in 2002. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) the frequency range of 150 kHz to 1 GHz has been deleted from the title;

b)
c) T

d) th

The text of this International Standard is based on the following documents;

Full i
ther

This

A lis]
Meas

Futut
stang

The
stabi
the s

able A.1 has been divided into two tables, and IEC 61967-8 has been added to Tabl
Annex A;

e general test board description has been moved to Annex D.

FDIS Report on voting
47A/1062/FDIS 47A/1066/RVD

nformation on the voting for the approval of this Internatienal Standard can be fou
bport on voting indicated in the above table.

document has been drafted in accordance with the)ISO/IEC Directives, Part 2.

t of all parts of the IEC 61967 series, under the general title Integrated circu
urement of electromagnetic emissions, can be found on the IEC website.

e standards in this series will carry-the new general title as cited above. Titles of ex
ards in this series will be updated at the time of the next edition.

ity date indicated on the\[EC website under "http://webstore.iec.ch" in the data relat
pecific document. At this-date, the document will be

confirmed,

ithdrawn,

placed byarevised edition, or

mended:

1%

A.2

nd in

its —

sting

ommittee has decided that\the contents of this document will remain unchanged until the

ed to

IMP

RTANT — The "colour inside’ 10go on Ihe cover page ol this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTEGRATED CIRCUITS -
MEASUREMENT OF ELECTROMAGNETIC EMISSIONS-
Aol io b

Part 1: General conditions and definitions

1 Scope

This
cond
a de

2018

part of IEC 61967 provides general information and definitions on the measuiems
Licted and radiated electromagnetic disturbances from integrated circuits. It also pro
scription of measurement conditions, test equipment and set-up as well-as the

proceédures and content of the test reports. Test method comparison tables:\are includ

Anne

The
testin
circu

X A to assist in selecting the appropriate measurement method(s).

g environment and to obtain a quantitative measure of RF disturbances from integ
ts (IC). Critical parameters that are expected to influence the-test results are descr

Devigtions from this document are noted explicitly in the-individual test report.

meas

Meaq
distu

urement results can be used for comparison or other purposes.

urement of the voltage and current of conducted RF emissions or radiated
‘bances, coming from an integrated circuit under controlled conditions, yields inform

about the potential for RF disturbances in an application of the integrated circuit.

The @pplicable frequency range is describeg¢n-each part of IEC 61967.

2 N

The

lormative references

ollowing documents are referred to in the text in such a way that some or all of

nt of
vides
test
bd in

bbject of this document is to describe general conditions in order-to establish a unjform

rated
ibed.
The

RF
ation

contgnt constitutes requirements of this document. For dated references, only the e:ﬂition
cited|applies. For undated references, the latest edition of the referenced document (incliiding
any gmendments) appligs.

o eofenliet Lo mmndtlonal Elociroioenaienl Mocabalos, L2040 Chapter-161: Elgctro

CISHR 16-12171999, Specification for radio disturbance and immunity measuring appa

and

appa

Methods — Part 1-1: Radio disturbance and immunity measuring apparatus — Meas
yatGs

ratus
Lring

3 Terms and definitions

For the purposes of this document, the following terms and definitions;—taken—mostlyfrom
1EC-60050(161); apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e [SO Online browsing platform: available at http://www.iso.org/obp

3.1
artificial network

A network
presenting a reference load |mpedance (S|mulated) to the DUT (eg extended power or
commfiunication Tnes) across which the RF disturbance voltage 1s measured and, which
isolates the apparatus from the power supply or loads in-that a given frequency range

Note 1 to entry: This note applies to the French language only.

3.2
assofciated equipment
transfducers (e.g. probes, networks and antennae) connected to ameasuring receiver of test
genefator, also transducers—{ferexample—probes,—networks,—and-antennas)-which-are used in
the sjgnal or disturbance transmission path between-an-EUTaDUT and measuring equipment
or a (test-) signal generator

broaplband disturbance
broapband emission

emiskion electromagnetic disturbahce which has a bandwidth greater than that of a particular
meaguring apparatus, receiver_gr,susceptible device

Note 1 to entry: For some _purposes, particular spectral components of a broadband disturbance mpy be
considered as narrowband distusbances.

Note 4 to entry: Emissfomthat has a bandwidth greater than that of a particular measuring apparatus or recdiver.

[SOURCE: IE€60050-161:1990, 161-06-11, modified — Note 2 to entry and the segcond
preferred terpmybroadband emission” have been added.]

3.4
commoni mode voltage
asymmetrical disturbance voltage
mean of the phasor voltages appearing between each conductor and a specified reference,
usually earth or frame

[SOURCE: IEC 60050-161:1990, 161-04-09, modified — The word "disturbance" has been
added to the admitted term.]
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3.5

vector sum of the currents flowing through two or more conductors at a specified cross-
section of a mathematical plane intersected by these conductors

3.6
conducted emission

transgmmmmmmmm#rm—m#g its
normjal operation

3.7
cont|nuous disturbance

electfomagnetic disturbance the effects of which on a particular dewvice or equipment cannot
be rgsolved into a succession of distinct effects

Note 1 to entry: RF disturbance with a duration of more than 200 ms at‘the IF-output of a measuring receiver that
causep a deflection on the meter of a measuring receiver in quasirpeak detection mode that does not ded¢rease
immediately.

[SOURCE: IEC 60050-161:1990, 161-02-11, modified — Note 1 to entry has been added|]

3.8
DUT
devig¢e under test

devide, equipment or system being evaldated

Note 1 to entry: As used in this document,“DUT refers to a semiconductor device being tested.

Note 4 to entry: This note appliesrtoxthe French language only.

D
2]
P

redu¢tion of (die size by using an advanced fabrication process including finer lithogilaphy
node|and masks

3.10
differential mode current

in a two-conductor cable, or for two particular conductors in a multi-conductor cable, half the
magnitude of the difference of the phasors representing the currents in each conductor

[SOURCE: IEC 60050-161:1990, 161-04-38]

3.11
differential mode voltage
voltage between any two of a specified set of active conductors

[SOURCE: IEC 60050-161:1990, 161-04-08, modified — The second preferred term
"symmetrical voltage" has been removed.]
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3.12

discontinuous disturbance
electromagnetic disturbance, the effects of which on a particular device or equipment can be

resol

ved into a succession of distinct effects

Note 1 to entry: It is recognised that this definition does not characterise the disturbance independently
effect that it produces. As a practical matter, any measure of a disturbance should be relatable to its effect on a
susceptible device.

Note 2 to entry:

of the

For counted clicks, disturbance with a duration of less than 200 ms at the IF-output of a

measuring receiver, which causes a transient deflection on the meter of a measuring receiver in quasi-peak
detection mode.

[soy

3.13
elec
print
exan

3.14
EMC

electfromagnetic compatibility
y of an—egquipment apparatus or system to function satfisfactorily in its electromagnetic

abilit
envir
envir

1SVl

3.15

elecfromagnetic emission

phen

3.16

elecfromagnetic radiation

RCE: IEC 60050-161:1990, 161-02-28, modified — Note 2 to entry has been added

rically small PCB
d circuit board—whose-dimension-is—smaller with length and width shétter than A/
ple 100 mm to 150 mm at 1 GHz

pnment without introducing intolerable electromagnetic disturbances to anything in
pnment

161-01-07]

pbmenon by which electromagnetic energy emanates from a source

p, for

that

iated

netic

radigted emission

1) penomenon by which energy in the form of electromagnetic waves emanates from a
sdurce into space

2) erjergy transferredthrough space in the form of electromagnetic waves

[SOURCE: IEC«60050-161:1990, 161-01-10, modified — The second preferred term "rad

emisgion" haskeen added and the Note to entry has been omitted.]

3.17

emisjsiolr limit

<fronTa UiStUTHIMy SOUTCE> SPECI{Eed MTaximunT ENMSSION tEVEr Of & SOUTCE Of efectroma

disturbance

[SOURCE: IEC 60050-161:1990, 161-03-12]

3.18
grou

nd reference plane

flat conductive surface whose potential is used as a common reference

[SOURCE: IEC 60050-161:2014, 161-04-36, modified — The term "reference-ground p
has been changed to "ground reference plane", the definition has been condensed and the
notes to entry, omitted.]

lane"
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3.19
lead frame
supporting structure for the silicon die that interfaces the external pins to the die

3.20
measuring receiver
receiver for the measurement of disturbances with different detectors

Note 1 to entry: The bandwidth of the receiver should be as specified in CISPR 16-1-1.

inteakatad circuit whose alameaents ara formed-on or within two or more - semicondfictdr £hins
Htegfratea—cHetH—Zese—eemetsSare+orfRrea—-onR—or—WHhR—tWo—-or—ofre-—SeHeoRaHEeo—§EHPS
sat of 1ICs that functions as a unit-in-a hiahar lavel of intearation the set could bhe a sinalal lC
Set- o+ SsthattHdhRcHehRsasa dhHHhaHgher—ever—oHRtegatohthe Secotha e a-SHhgieHo
emistionwhich - has 3 bandwidth less than that of 3 particulapbméasurina-anparatus -orreckiver
emsHto-WiHeHasSa PR eWati1eSSthahtthat-otapatctaReasStHRgappaatds-orfecetve!

electfomagnetic disturbance, or spectral component thefeof, which has a bandwidth less|than
or equal to that of a particular measuring apparatus, re€ceiver or susceptible device

Note 1 to entry: Emission with bandwidth less than that of @\particular measuring apparatus or receiver.

[SOURCE: IEC 60050-161:1990, 161-06-13;"modified — The term "narrowband disturbgnce"
has een changed to "narrowband emission™and Note 1 to entry has been added.]

3.22
peak| detector
detegtor, the output voltage of which is the peak value of the applied signal

[SOURCE: IEC 60050-161:1990, 161-04-24]

3.23
preamp noise flogr
inherent thermal noise generated by the first stage amplifier that limits the signal resolutipn of
the njeasurement system

3.24
receiver‘terminal voltage
antenna voltage

voltage generated by a source of radio disturbance and measured in dB (pV) by a radio
disturbance measuring instrument conforming to the requirements of CISPR 16

Note 1 to entry: External voltage measured in dB (uV) at the input of a radio interference measuring instrument
conforming to the requirements of CISPR 16-1-1.

[SOURCE: CISPR 25:2008,-3-% 3.8, modified — Note 1 to entry has been added.]
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3.25

reference point
specific port or point on the test set-up where the measurement of the sampled parameter is
made

3.26

repetition rate
number of surges, spikes, or pulses per unit of time

3.27

radio_frequency ambient

RF ambient

electfomagnetic environment

totality of electromagnetic phenomena existing at a given location

[SOURCE: IEC 60050-161:1990, 161-01-01, modified — The preferred)terms
frequency ambient” and "RF ambient" have been added and Note 1 pd.*entry has
remojved.]

3.28

shiellded enclosure

mesh or sheet metallic housing designed expressly fap -the purpose of separ
electfomagnetically the internal and external environment

[SOURCE: IEC 60050-161:1990, 161-04-37, modified — The second preferred
"screened room" has been omitted.]

3.29

significant IC change

all changes that may influence the electromagnetic emissions of an IC

Note 1 to entry: Examples include changes to a new device, new manufacturer or process line, die shrink,
packape type, significant manufacturing process, internal/external clock, I/O drive capability—ete.

3.30

systém gain

gain
the R

3.31
test

docu
testir

(or attenuation) of the-measurement path between the reference point and the ing
F measuring instrument

blan
ment provided by the test requester to define the tests to be carried out, the object g
g, théxDUT operating status, the conditions for the test and performance objectives

radio
been

ating

term

new

ut of

f the

Note

toventry:  The test plan completely guides the implementation of the test by reference to the standa

d test

procedure, or by detailing revisions or additions for the specific DUT.

335

work-bench Faradaycage
WBEC
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4 Test conditions

4.1 General

These default test conditions are intended to ensure a consistent test environment. If other
values are agreed by the users of this procedure, they shall be documented in the test report.

4.2 Ambient conditions

4.2.1 General

The following ambient conditions shall be met.

4.2.2 Ambient temperature

The ambient temperature during the test shall be 23 °C + 5 °C for repeatability, 1C emisgions
may yary with temperature.

4.2.3 Ambient RF field strength

The pmbient RF noise level shall be at least 6 dB below the lowest emission level(s) {o be
meagured. This shall be verified before measurements of the IC are made. The DUT shall be
installed in the test set-up, as used for testing. The DUT shall.not be activated (for example,
the power supply voltage shall be disconnected). A scah. shall be made to measur¢ the
residual noise. A description of the ambient RF noise leyel shall be part of the test report.

4.2.4 Other ambient conditions

All other ambient conditions that-may can affect the result shall be stated in the individua] test
repoft.

4.2.5 IC stability over time

The functional behaviour of the ¥G/shall be stable over time so that two measuremients,
sepafated by an interval of time,tshall yield the same results within the expected variatipn of
the measurement technique,

5 Test equipment

5.1 General

The quipment described in Clause 5 is common to all test procedures described in this
document: Specific equipment shall be itemized in the individual test procedures.

5.2 LShietding

The necessary shielding depends upon the specific test method and the ambient noise level.
A shielded room may be required to provide a controlled ambient noise level for emission
measurements. A non-shielded set-up-may can be used if ambient noise levels are at least
6 dB below the lowest level to be measured.

5.3 RF measuring instrument
5.3.1 General

Either measuring receivers or spectrum analysers—may can be used (see Tables 1 and 2 for
default settings). The measuring receiver, if used, shall meet the bandwidth requirements as
stated in CISPR 16-1-1.
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5.3.2

Measuring receiver

Table 1 — Measuring receiver bands and resolution bandwidth (RBW) default settings

Frequency range 150 kHz to 30 MHz =30 MHz—1-GHz

Measuring receiver RBW at 6 dB 9 kHz 120 kHz

5.3.3 Spectrum analyser
Table 2 — Spectrum analyser bands and RBW default settings
roolionorl ran o 100 1l t 20 M= 20 MNll= _Cllz
FegteRey-Fany 350-kHzZ-t0-30- M2 2-30-MHz—1-CH=
Spectrum analyser RBW at 3 dB 10 kHz 100 kHz
5.3.4 Other RBW for narrowband emissions
Whete the RF emissions can be verified as being narrowband, and the measure

techr
RF n

5.3.5

A de
made
band
wher

ique requires a lower noise floor for resolution of the measured signals from the am
bise, a reduced RBW-may can be used.

Emission type, detector type and sweep speed

ermination of whether the emissions are predominatelysnarrowband or broadband c4
by measuring at the default bandwidth and at the{next narrower (one-third) incremg
width. If the measured level of peak values of the)spectrum is reduced by 5 dB or
the bandwidth is reduced by one-third, then<the emissions can be considered {

predominately broadband.

Examples of narrowband sources are digitaklCs operated by a synchronous clock. The

typic
fracti
deteq

hlly produce a continuous emissioh spectrum dominated by clock harmonics
ons. For this reason, the detectot’ chosen will not influence the readings. The
tor shall be used for narrowband sources.

Examples of possible broadband sources are ICs producing a non-continuous spectrum

as cq
the p
folloV

wher

nverters and non-synchronous logic. These devices shall be measured, preferably
eak detector with the sweep speed set to reflect the modulation rate, according t
ving formula:

Vsﬁéx RBW x f,

D

Is the sweep speed in MHz/s:

ment
bient

N be
nt of
more
o0 be

y will
and
peak

such
ising
D the

\

S

RBW fog\y is the resolution bandwidth in MHz;

f

m

is the modulation frequency in Hz, defined as the lowest repetition rate of a software
routine or other IC operating parameter that may affect the measured RF emissions.

The sweep speed used shall be selected in such a way that a slower sweep speed will not
result in a significant change in the measured emissions.

5.3.6

Video bandwidth

The video bandwidth (VBW) shall be—a—minimum—of-three-times-the resolution-bandwidth at

least

three times the RBW when a spectrum analyser is used for measurements.
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5.3.7 Verification of calibration for the RF measuring instrument

The calibration of the RF measuring instrument shall be verified by comparison with an
independent calibrated instrument, traceable to a recognized standard body, if absolute levels
are to be reported.

5.4 Frequency range

The recommended frequency range is 150 kHz to 1 GHz, but this may be extended if the
specific procedure is usable over an extended frequency range. The range of interest may be
smaller when, by function, the IC produces emissions only in that reduced range.

The gpplicable frequency range is described in each part of IEC 61967.

5.5 | Preamplifier or attenuator

If ne¢essary, a preamp or attenuator, either internal or external,-may can beused. The poise
figurg¢ of the preamplifier or attenuator shall be less than 10 dB. The minimum resolutign for
calibfation of the preamplifier is 10 points per decade.

5.6 | System gain

The pain (or attenuation) between the reference point and. the input of the RF measpuring
instrument shall be verified to within an accuracy of £0,5 dB:

5.7 | Other components

The gharacteristics of cables, connectors and .etminators-that—are not in the measurgment
path between the reference point and the input of the RF measuring instrument that-may| can,
howdver, affect the measurement result, shalhbe verified-fercharacteristics over the intehded
frequency range.

6 Test set-up

6.1 General

Testg shall take place aceording to a test plan, which shall be included in the test report.,| This
repoit shall also include;

a) @ circuit diagram of the application (supply decoupling, bus load, peripheral ICs, etc.)
b) a|description-of the PCB on which the IC is applied (layout);

c) aftual eperating conditions of the IC (supply voltage, output signals, etc.);

d) aldescription of the type of software exercising the IC(s), if applicable.

All variations shall be included in the test report. Connection to auxiliary equipment shall not
influence the test results.

Other particular requirements are described in the individual test procedure.

6.2 Test circuit board

The test PCB to be used depends on the specific measurement method. The specifications of
a general basic test board for this family of standards are described in-elause-9 Annex D of
this document. The test PCB should be designed in accordance with these general
specifications and with the additional specifications as required for the individual
measurement methods. Any deviation from this description shall be stated in the individual
test reports.
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NoTE For the comparison of measurement results from different devices it is necessary to

use a similar PCB design, as close as possible within the same measurement method.

6.3 IC pin loading

If no other loads are required by a specific test method, the pins of the DUT shall be loaded

according to the following default value table, with exceptions as noted.

Table 3 - IC pin loading recommendations

IC pin type | Pin loading

Analqgue

—  Supply As stated by the manufacturer (or as required)

— Input 10 kQ to ground (Vss) unless the IC is internally terminated

— Optput signal 10 kQ to ground (Vss) unless the IC is internally terminated

— Ouptput power Nominal loading as stated by the manufacturer

Digital

— Supply As stated by the manufacturer (or as required)

— Input Ground (Vss) or 10 kQ to supply (Vdd) if imposSible to ground, unless the IC
is internally terminated

— Optput 47 pF to ground (Vss)

Conttol

— Input Ground (Vss) or 10 kQ to supply‘(¥dd) if impossible to ground, unless the IC
is internally terminated

— Optput As stated by the manufacturer

— Bildirectional 47 pF to ground (Vss)

— Apalogue As stated by the manufacturer (or as required)

Pins |that do not fall into any of-the listed categories shall be loaded as functionally req
and gtated in the test report,-These are recommended default values; if other values are

uired
more

appropriate for a particular €, they may be substituted for the values in Table 3 and shall be

statef in the test report,

6.4 | Power supply_requirements — Test board power supply

The PUT shallbe powered from a source with low conducted RF emissions that confo
the RF ambient requirements. If a battery is used, it shall meet the IC requirements an

voltape level shall be checked periodically to maintain a consistent operating environment. An
AC power“supply-may can be used if it meets the low RF emissions requirement. All power

supplyines to the DUT shall he adequately filtered according to the 1C manufactiirer's

recommendations.

6.5 IC specific considerations

6.5.1 IC supply voltage

The supply voltage(s) shall be as specified by the IC manufacturer with a tolerance of +5 %.

6.5.2 IC decoupling

To obtain reproducible data of measurement, appropriate decoupling should be accomplished

on the test board. See-9- 71 Clause D.9.
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Activity of IC

2018

Attempts should be made to fully exercise all available functions that significantly contribute
to the emissions of the IC.

6.5.4

Guidelines regarding IC operation

The intent is to describe the parameters to be controlled in order to ensure test repeatability

for th

e particular IC function or type as agreed between the manufacturer and the user.

If a programmable integrated circuit is to be tested, software that flows in a continuous loop

shall
exer(
IC sh

a) minimum — implement counter function:

u
b) ty

u
th

c) W
u

7

7.1

Meaq
beloV
the g
inter

be writiten 0 ensure that measurements are repeatable. The type of soitware us
ise the IC (minimum, typical or worst-case) shall be documented in the test report
all be exercised using one of the following software levels:

5ed for basic tests and comparisons, see Annex B;
pical — normal operating or production code:

5ed for representative testing, exercise microprocessor and 1/0. ena "normal” basis
e production code;

orst-case — exercise all I/O:
sed for diagnostic purposes, see Annex C.

[est procedure

Ambient RF noise check

ure ambient RF noise levels to ensure:that any ambient signals present are at least
v the target reference level. The-amhient data collected shall be part of the test rep
mbient RF noise is excessive, check the integrity of the overall system, especiall

prea
nois

onnecting cables and connectors: If necessary, use a shielded enclosure, a lower
plifier or a narrower spectrupy analyser resolution bandwidth. If the area ambier
is not well known, with possible sporadic local RF sources, it is recommended to g

bd to
The

Ising

6 dB
Drt. If
y the
hoise
t RF
heck

the gmbient RF noise with thé.unpowered test board in place and with the spectrum anglyser

runni

7.2

Ener

and mormal activity (i.e. run IC test code, see 6.5.4).

7.3

ng on maximum hold for<1 h or as required to achieve confidence in the environment.

Operational check

jize the DUT\ahd complete an operational check to ensure proper function of the d

Specgific procedures

pvice

Follo

1 s : -1 — ! - } . - !
VvV UTIE IEST ICLTITTITIYUC UCSLTTOCU 11T e pdiuiuldl TS SIUTNT TIedsurcimerit proteuurce.

8 Testreport

8.1

General

The test report shall include sufficient information to allow duplication of the measurements by
another facility.

8.2

Ambient RF noise

A plot or description of the ambient-tevel RF noise levels of the measurement system with the

DUT

unpowered shall be included in the test report.
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8.3 Description of device

A description of the device (IC) being evaluated and any pertinent information that may
influence the emission performance of the device shall be included in the test report (for
example, IC type number, production code and date, short functional description of the device
as on the data sheet). The operating frequency(ies) shall be indicated, if applicable.

8.4 Description of set-up

A description of the test set-up shall be included, with any variations from the standard set-up
clearly indicated.

8.5 | Description of software

The fype of software used to exercise the IC, if applicable, shall be indicated. Ifca prodyction
codelis used, the revision level shall be indicated.

8.6 | Data presentation
8.6.1] General

Data| shall be adjusted for any input gain or attenuation to~represent the actual values
appepring at the reference point, in dB (uV), for voltage meastrements.

8.6.2 Graphical presentation

A grgph of the measured data shall be available.

8.6.3 Seftwarefor-dataecapture Measurement data

An ABCII file of the measured data shall be available.

8.6.4 Data processing

The [smoothing or averaging of-raw data—may can provide a more readable format. A
descfiption of any data processing used shall be included in the test report.

8.7 RF emission limits

As this document déscribes measurement methods, no RF emission limits are given. Limlits in
genefal depend upon the application, the area and the country. Functional requirementg and
locallor mandated emission requirements will define the limits.

8.8 | Intérpretation of results

8.8 Comparison between IC(s) usina the same test method
. . L \- 7 ~J

Results may be directly compared as long as measurements have been carried out under the
same conditions. If comparisons are intended, the devices should be running the same code
(for example, the counter test code, Annex B) and the test environment should be as
consistent as possible. The same test board should be used.

8.8.2 Comparison between different test methods

At the time of writing, general correlation between the specific test methods has not been
established. Correlation has been demonstrated in specific cases only. Refer to Annex A.
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8.8.3 Correlation to module test methods

Where sufficient data exists to establish a correlation between the measured values and the
expected emissions from the IC for a given application, this shall be indicated in the specific
test method (for example, component or system level tests of the product). A number of
factors are involved in the translation from IC level emissions to the module or product level.
In general, this IC-to-module correlation is limited to specific cases where the variables
involved are controlled.
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Annex A
(informative)

Test method comparison tables

Tables A.1 and A.2 compare the test methods for conducted emissions and radiated
emissions, respectively.

bl . | .
IEC 61967-2 IEC 61967-4 IEC 61967-5 IEC 61967%-6
TEM-Celt 1/150-Q WBFC Magnetic pllobe
: :
from-1C common-mode conducted common -mod¢
i b
B SEssienss
Propoded freguency range 150 kHz to 150 kHz to 150 kHz to 150 kHz to
e S S S
Test bpard for:
— comparison of ICs Mandatory Mandatory Mandatory Mandatoty
Lo N . R . o
Operafor dependence to No No No No
o el e
Singlelpin-voltage/ current No Yes No Yes
measufable
Compdrison-of IC versions — Yes Yes Yes Yes
in-sampe package
1C-emifsion source/path
analysls
—on-dghip-decoupling Yes Yes Yes Yes
—mulfiple-pin-power-supply Partly Yes Yes Yes
a_Differential-mode-voltage-and-common-mode-current
5_Conpmon-mode-voltage-and-currents
¢ H-1/L50-Q-connections-are-incorporated
e_If sitable-microstrip-is-incorporated
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Table A.1 — Conducted emission

Item

IEC 61967-4
1 Q/150 Q

IEC 61967-5
WBFC

IEC 61967-6

Magnetic probe

Meas

ured emission type in IC

Differential- and
common-mode
conducted emissions?

Common-mode
conducted emissions®

Differential- and
common-mode
conducted emissions?

Proposed frequency range 150 kHz to 150 kHz to 150 kHz to
1 000 MHz 1 000 MHz 3 000 MHz

Test board for:

— co[nparison or ICs Manaatory Manaatory Manaatory

— evpluation in application Non-restricted® Non-restricted Non-restrictedd

Operptor dependence to reproduce | No No No

meagqurements

Singlg pin voltage/current Yes No Yes

meadurable

Comparison of IC versions — Yes Yes Yes

in sane package

IC enpission source/path analysis

— variation of packaging Possible Yes Possible

— on}chip decoupling Yes Yes Yes

— myltiple pin power supply Yes Yes Yes

— 1/Q signal conditioning Yes Yes Yes

— oplimized location of pins Partly Yes Yes

IC evialuation Yes Yes Yes

a Differential mode voltage and common mode curfgnt.

[=%

f

bmmon mode voltage and currents.
1 Q/150 Q connections are incorporated.

a suitable microstrip is incorporatedx



https://iecnorm.com/api/?name=85feeadc35a2cb5b4545f45ff5fe2928

IEC 61967-1:2018 RLV © |IEC 2018

- 21 -

Table A.2 — Radiated emission

Item

IEC 61967-2

TEM?@ cell and
wideband TEM cell

IEC TS 61967-3

Surface scan

IEC 61967-8

IC stripline

Measured emission type in IC

E/H field from IC

E/H field from IC

E/H field from IC

Proposed frequency range 150 kHz to 2 GHz and 150 kHz to 150 kHz to
higher (up to 18 GHz) 3 000 MHz 3 000 MHz

Test board for:

— comparison of ICs Mandatory Mandatory Mandatory

— evpluation in application Needed Needed Needed

Operptor dependence to reproduce | No No, if automated No

meagqurements system used

Single pin voltage/current No No No

meadurable

Comparison of IC versions — Yes Yes Yes

in same package

IC enpission source/path analysis

— vafiation of packaging Yes Yes Yes

— on}chip decoupling Yes Partly Yes

— myltiple pin power supply Partly Partly Partly

— 1/ signal conditioning Partly Partly Partly

— opfimized location of pins No NO No

IC evialuation Yes No Yes

a8 Transverse electromagnetic



https://iecnorm.com/api/?name=85feeadc35a2cb5b4545f45ff5fe2928

- 22 - IEC 61967-1:2018 RLV © |IEC 2018

Annex B
(informative)

Flow chart of a counter test code

This simple routine implements a counter function using a single 8-bit port. Every 100 us, the
port output is incremented or decremented. After 10 count cycles (256 ms), an LED output is
complemented. This will provide a blinking light indication with a frequency of about 2 Hz. For
consistency, equivalent loop times should be maintained. The test code flow chart is shown in
Figure B.1.

Start

v

Initialization

I <
* it

Output to port

A

A 4

Time delay

Port value + 1

256-cycles No »
Ll
done?
Yes
Port value =0
Loop count + 1
No

10 cycles
done?

A J

Invert LED

v

Loop count =0

IEC

Figure B.1 — Test code flow chart


https://iecnorm.com/api/?name=85feeadc35a2cb5b4545f45ff5fe2928

IEC 61967-1:2018 RLV © |IEC 2018 - 23 -

Annex C
(informative)

Description of worst-case application software

While under test, the IC shall execute software representative of that which could be found in
a worst-case application. The software loop execution time shall be at least three orders of
magnitude smaller than the spectrum analyser sweep period (for example, sweep =6 s,
software loop <6 ms). The following recommendations are applicable to a single IC
microcontroller (MCU). They are intended as guidelines for the software writer; however, it is

H () + + In ) H H H 4 H Al ol H
I’eCOg MZTU titat 11Ul air Ut Uic PuUITTtS artc riciltoosdliiy appruplriatc TuUr all vl U Ut vittos.

a) th

b

b) the test software should provide some means of indicating correct execution to the
(for example, toggling the port pin);

c) the test software should enable and exercise all on-board IC peripherals, where prag
In particular, peripherals that can generate fast periodic signals (serial peripherals,

ti

fi

Whe
prog

perfgrmed with the device held in reset. However, this test condition shall be reported wit
test results.

these peripherals significantly contribute to the total radiated_efmission figure, then thg
wtay can be performed, and results reported, with the peripherals enabled and disable

d) th
I/D pin. However, if these clocks significantly contribute to the total radiated emi
jure, then the test-may can be performed, and results reported, with the clocks enabled
ahd disabled.

b given to the bus implementation (precharged or static);

mers) should be configured and exercised to generate these petiedic signals. Howe

W it is impractical to execute test software (for example, when the device hal
fammable memory and cannot bootstrap’code into internal RAM), the test shou

e CPU should maximally exercise the internal address and data buses. Attention should

user

tical.
some
er, if
b test
ok

e test software should enable all internally generated:clock sources that appear on any

5sion

S no
d be
h the
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Annex D
(informative)

General-basie test board-specitication description

D.1 General

The purpose is to describe a universal test board. Such a board is necessary to compare the
EMC performance of various ICs from different manufacturers. Constraints are given for those

MC acnactc
parameters-influencing-the-EMC-aspests-

D.2 | Board description — Mechanical

The board size is 100 fi mm2. Holes may be added at the corners of the bbard, as shoyn in

Figune D.1. All edges of the board shall be tinned-fer by at least 5 mm, ar.made conducting in
0rde1 to make proper contact with the TEM-{transverse—electromagnétic-mode) cell, if Uised.
As an alternative, edges may be gold-plated.

The yias at the outer edge of the board shall be at least 5 mmsaway from that edge.

D.3 | Board description — Electrical

The grawing in Figure D.1 shall be taken as a guide. A double layer board is proposed|as a
minimum requirement. However, if functionallysneeded, layers 2 and 3 or others mgy be
addefd in between, such that a multi-layer board, appears.

Layel 1 shall always be used as the grounid plane. Layer 4 allows other signals, but shall be
left gs intact as possible, in order to_be"a ground plane as well. At least the area in layer 1
underneath the IC shall be left as a@round plane.

The PCB shall be made in such-a way that only the IC package remains on one side (layer 1)
and all other components and/trace patterns remain on the opposite layer (layer 4).

D.4 | Ground planes

The ground planes (layers 1 and 4) shall be interconnected by means of vias. These vias|shall
be placed atlthe following positions over the board as described in Table D.1.

Table D.1 — Position of vias over the board

Via position Location
1 All around, at the edges of the board
2 Just outside the DUT area
3 Just inside, underneath the IC area

The ground plane at layer 1 shall be continued between vias, at position 2. As such, the
ground plane at layer 1 is continued over the whole board.

If possible the same shall be done for layer 4, but the possibility to do so depends on the IC
package and the space available.
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D.5

Package pins

D.5.1 General

All functionally necessary components other than the IC shall be mounted on layer 4. It is
therefore necessary to feed 1/0O and other required pins from layer 1 to layer 4. The loop areas,
trace length, via placement and component orientation shall be so optimized that minimum
loop areas are obtained.

D.5.2 DIL packages

Thes
estal

D.5.3

Thes|
used
minir
943
Undd

D.5.4

Thes
estal

D.5.5

Thes|
inter
reco

D.6

All vi
of 2

D.7

e packages do not require vias, as plated-through hole pins are considered prese
lished by the pins themselves.

SOP, PLCC, QFP packages

e packages require the use of vias. The vias should preferably be centred in the
for soldering the ICs. Preferably, these vias should be placed at position 3, Table D
hize the loop area involved in which the IC currents will flow.

oA EC A nnclocos
PGA packages

e packages do not require vias, as plated through-hole pins are considered prese
lished by the pins themselves.

BGA packages

E  packages require the use «©QfV vias. The vias for power supply and g

hmendations.

Via-type diameters

s at positionl shall have a hole diameter of 0,8 mm. All other vias shall have a diaf
,2 mm.

Via distance

t, or

pads

1, to

nt or

ound

onnection should preferably. be located in accordance with the manufactdrer's

heter

Via placement shall be controlled as follows for the applicable frequency range, for example,
A/10. The maximum lateral distance between vias connecting layer 1 to layer 4 (positions 1, 2
and 3) shall be 10 mm. Vias for signal traces shall be placed as close as possible to those
vias connecting layer 1 to layer 4.
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Additional components

All additional components shall be mounted at layer 4. They shall be placed in such a way
that they do not interfere with the constraints as set for layers 1 and 4 and interconnecting

the

vias-ir-between.

D.9 Supply decoupling

D.9.1 General

To dbtain reproducible data of measurement, adequate supply decoupling Is required in
accofdance with the test board specifications. Decoupling capacitors on the test board |shall
be classified into two groups, as described in D.9.2. and D.9.3. The values @nd layout
positlons of the decoupling capacitors and other decoupling components shall be-stated i
individual test report.

D.9.4 IC decoupling capacitors

Supgly decoupling for the IC shall be in accordance with the manufacturer's recommendg

IC d

undefneath the IC, as described in Clause D.3 and in Figure D.1, to maintain the p
operation of the DUT. The value and layout position of a deceupling capacitor of each s

pin o
test

D.9.9

Impe
supp

coupling capacitors, if any, shall be connected to the~ground plane in lay

the DUT may be as advised by the manufacturer, or-6therwise, as long as stated i
eport.

Power supply decoupling for the test board

dance of the test board power supply may‘affect the measurement results if the p
y decoupling is not adequately designed. To control the supply impedance of thg

tions.
er 4,
oper
upply
h the

ower
test

board for any external power supply which” may be used in the measurement, a grolip of

deco
shall
state

D.10

Additional componentSynecessary to load or activate the IC shall be mounted on lay

prefe
ICm

Lipling capacitors shall be locatedcon the test board. Their values and layout pos
be as described in the individdal measurement standards, or otherwise, as lon
(d in the test report.

/O load

rably directly underneath the IC package area. This includes the necessary ports to
bnitoring duging the RF immunity test.

tions
g as

er4,
Bllow
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Dimensions in millimetres

i .9/ ......................................................................... &
DUT
;/
o :
+ 1 : i
o ; :
- : :
T : :
: Wi
Additional heles may be
\ added at the corner
0,2 mm vias connect DUT pin traces
\'\_ Ground plane extended 0,8 mim vias connect layer 1
0,8 mm vias connect below DUT withlayer 4
layer 1 with layer 4 \ | 1
>~ A

Y

X

/ " /

/ Supplydecoupling shall be referred ’

/ testhis part of the ground plane .f";

Additional components shall be /
added at layer 4, preferably ifiside /
the via perimeter =5 /

Layer 1 — ground
P woo A
i ©
Layer 2 «<power — p-mmm mm @ - = i E E
(- ! )
: ! ! H
Layer B —signal ——-m mmm = - ﬂl b ©
B 1 ! ! FEE
o Y
\-ayer 4 — ground M_ -
and/or signal | e
and/or power B — ! <075
------------------------- B
......... : i
' |
> ~

All n"on-ground layers shall be recessed
2 mm away from board edges

Figure D.1 —General-basiec Example of an emission test board

IEC
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTEGRATED CIRCUITS -
MEASUREMENT OF ELECTROMAGNETIC EMISSIONS -

Part 1: General conditions and definitions

2018

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiean=eom
national electrotechnical committees (IEC National Committees). The object of IECUlis to prf

end and in addition to other activities, IEC publishes International Standards, Technical Specific
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ‘referred to as|
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee inte
in [the subject dealt with may participate in this preparatory work. Internatiopal) governmental andg
gopernmental organizations liaising with the IEC also participate in this preparation. |[EC collaborates d
with the International Organization for Standardization (ISO) in accordancewith conditions determin|
agreement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters express; as/nearly as possible, an intern
copsensus of opinion on the relevant subjects since each technicahGommittee has representation fr
rested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are miade to ensure that the technical content
Publications is accurate, IEC cannot be held responsible_for the way in which they are used or f
miginterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publig

rising
pbmote
is. To
tions,

"IEC
ested

non-
losely
ed by

tional
bm  all

tional
bf IEC
r any

ations

trgnsparently to the maximum extent possible in_their national and regional publications. Any diverjgence

befween any IEC Publication and the corresponding, national or regional publication shall be clearly indica
the latter.

IEC itself does not provide any attestation.of’conformity. Independent certification bodies provide conf
aspessment services and, in some areas;-access to |[EC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have-the latest edition of this publication.

Nd liability shall attach to IEC/ornts directors, employees, servants or agents including individual exper
megmbers of its technical committees and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out ofSthe publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

Atjention is drawnytothe Normative references cited in this publication. Use of the referenced publicati
indispensable folthe correct application of this publication.

Atfention isdrawn to the possibility that some of the elements of this IEC Publication may be the sub
patent rights:<fEC shall not be held responsible for identifying any or all such patent rights.

ted in
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This second edition cancels and replaces the first edition published in 2002. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edition:

a) the frequency range of 150 kHz to 1 GHz has been deleted from the title;

b) the frequency step above 1 GHz has been added to Table 1, Table 2 and to 5.4;

c) Table A.1 has been divided into two tables, and IEC 61967-8 has been added to Table A.2
of Annex A;

d) the general test board description has been moved to Annex D.
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The text of this International Standard is based on the following documents:

FDIS Report on voting

47A/1062/FDIS 47A/1066/RVD

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

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

A list of all parts of the IEC 61967 series, under the general title Integrated circuits —
Meagurement of electromagnetic emissions, can be found on the IEC website.

Futufe standards in this series will carry the new general title as cited above. Titlés of existing
standards in this series will be updated at the time of the next edition.

The ¢ommittee has decided that the contents of this document will remain‘unchanged until the
stability date indicated on the IEC website under "http://webstore.ieccch” in the data related to
the specific document. At this date, the document will be

°
-

g¢confirmed,

e withdrawn,

°
-

gplaced by a revised edition, or
e amended.



http://webstore.iec.ch/
https://iecnorm.com/api/?name=85feeadc35a2cb5b4545f45ff5fe2928

-6 - IEC 61967-1:2018 © IEC 2018

INTEGRATED CIRCUITS -
MEASUREMENT OF ELECTROMAGNETIC EMISSIONS -

Part 1: General conditions and definitions

1 Scope

This [part of IEC 61967 provides general information and definitions on the measuremgnt of
condpcted and radiated electromagnetic disturbances from integrated circuits. It also\proyides
a depcription of measurement conditions, test equipment and set-up as well as§ the test
procgedures and content of the test reports. Test method comparison tables aredincludgd in
Anngx A to assist in selecting the appropriate measurement method(s).

The pbject of this document is to describe general conditions in order/o”establish a unjform
testinjg environment and to obtain a quantitative measure of RF disturbances from integfated
circufts (IC). Critical parameters that are expected to influence the test results are descijibed.
Deviations from this document are noted explicitly in the. individual test report.| The
meagurement results can be used for comparison or other purposes.

Meagqurement of the voltage and current of conductéd RF emissions or radiated RF
disturbances, coming from an integrated circuit under,eontrolled conditions, yields informjation
abouf the potential for RF disturbances in an application of the integrated circuit.

The applicable frequency range is described in each part of IEC 61967.

2 Normative references

The following documents are referfeéd to in the text in such a way that some or all of|their
contgnt constitutes requirements-of this document. For dated references, only the exition
cited|applies. For undated references, the latest edition of the referenced document (incléiding
any gmendments) applies.

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

CIS:F 16-1-1, Specification for radio disturbance and immunity measuring apparatug and
apparatus

3  Termstand definitions

For thexputrposes—ofthis—document—the following-terms-and-definitions—apphy
DL ’ I Py

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

artificial network

AN

network presenting a reference load impedance (simulated) to the DUT (e.g. extended power
or communication lines) across which the RF disturbance voltage is measured and which
isolates the apparatus from the power supply or loads in a given frequency range
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Note 1 to entry: This note applies to the French language only.

3.2
asso

ciated equipment

transducers (e.g. probes, networks and antennae) connected to a measuring receiver or test
generator, also transducers used in the signal or disturbance transmission path between a

DUT

3.3

and measuring equipment or a (test-) signal generator

broadband disturbance
broadband emission

electremagretic—disturbance—which—has—a—banrdwidth—greater—thar—that—ef—a—partcular
meaguring apparatus, receiver or susceptible device

Note 1 to entry: For some purposes, particular spectral components of a broadband disturbance mpy be
considered as narrowband disturbances.

Note 4 to entry: Emission that has a bandwidth greater than that of a particular measuring,appdratus or recgiver.
[SOURCE: IEC 60050-161:1990, 161-06-11, modified — Note 2 toentry and the s€gcond
preferred term "broadband emission” have been added.]

3.4

comimon mode voltage

asynm
meal
usua

[SOU
adde

3.5

metrical disturbance voltage

ly earth or frame

RCE: IEC 60050-161:1990, 161-04-09, modified — The word "disturbance" has
d to the admitted term.]

comimon mode current

vectd
secti

3.6
cond
trans|

r sum of the currents flowing~through two or more conductors at a specified ¢
bn of a mathematical plane.intersected by these conductors

ucted emission
ent and/or other~disturbance observed on the external terminals of a device durir

normjal operation

3.7

cont
elect
be r¢

nuous. disturbance

solyed into a succession of distinct effects

of the phasor voltages appearing between each{conductor and a specified refergnce,

been

OSS-

g its

romagnetic disturbance the effects of which on a particular device or equipment cannot

Note 1 to entry:

RF disturbance with a duration of more than 200 ms at the IF-output of a measuring receiver that

causes a deflection on the meter of a measuring receiver in quasi-peak detection mode that does not decrease
immediately.

[SOURCE:

3.8
DUT

device under test
device, equipment or system being evaluated

Note 1 to entry: As used in this document, DUT refers to a semiconductor device being tested.

Note 2 to entry: This note applies to the French language only.

IEC 60050-161:1990, 161-02-11, modified — Note 1 to entry has been added.]
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3.9

die shrink

reduction of die size by using an advanced fabrication process including finer lithography
node and masks

3.10

differential mode current

in a two-conductor cable, or for two particular conductors in a multi-conductor cable, half the
magnitude of the difference of the phasors representing the currents in each conductor

[SOURCE: IEC 60050-161:1990, 161-04-38]

3.11
diffefential mode voltage
voltape between any two of a specified set of active conductors

[SOYRCE: IEC 60050-161:1990, 161-04-08, modified — The second‘ preferred |term
"symmetrical voltage" has been removed.]

3.12
discontinuous disturbance
electfomagnetic disturbance, the effects of which on a particular device or equipment cgn be
resolyved into a succession of distinct effects

Note 1 to entry: It is recognised that this definition does not characterise the disturbance independently [of the
effect|that it produces. As a practical matter, any measure of @/disturbance should be relatable to its effect on a
susceptible device.

Note 3 to entry: For counted clicks, disturbance withya" duration of less than 200 ms at the IF-outpuj of a
measyring receiver, which causes a transient deflection on the meter of a measuring receiver in quasj-peak
detectjon mode.

[SOURCE: IEC 60050-161:1990, 161:02-28, modified — Note 2 to entry has been added|]

3.13
electrically small PCB
printeéd circuit board with length and width shorter than A/2, for example 100 mm to 150 mm
at 1 GHz

3.14
EMC
elecfromagnetic-compatibility
ability of an 'apparatus or system to function satisfactorily in its electromagnetic environment
withqut intreducing intolerable electromagnetic disturbances to anything in that environment

3.15
electromagnetic emission
phenomenon by which electromagnetic energy emanates from a source

3.16

electromagnetic radiation

radiated emission

1) phenomenon by which energy in the form of electromagnetic waves emanates from a
source into space

2) energy transferred through space in the form of electromagnetic waves

[SOURCE: IEC 60050-161:1990, 161-01-10, modified — The second preferred term "radiated
emission” has been added and the Note to entry has been omitted.]
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3.17

emission limit

<from a disturbing source> specified maximum emission level of a source of electromagnetic
disturbance

[SOURCE: IEC 60050-161:1990, 161-03-12]

3.18
ground reference plane
flat conductive surface whose potential is used as a common reference

[SOYRCE: IEC 60050-161:2014, 161-04-36, modified — The term "reference-ground_pjane"
has been changed to "ground reference plane", the definition has been condensed\anfl the
noteg to entry, omitted.]

3.19
lead [frame
suppprting structure for the silicon die that interfaces the external pins to\the die

3.20
meaguring receiver
receijver for the measurement of disturbances with different détectors

Note 1 to entry: The bandwidth of the receiver should be as specifiéd in CISPR 16-1-1.

3.21
narrgwband emission
electfomagnetic disturbance, or spectral component thereof, which has a bandwidth less|than
or equal to that of a particular measuring appatatus, receiver or susceptible device

Note 1 to entry: Emission with bandwidth less, than that of a particular measuring apparatus or receiver.

[SOURCE: IEC 60050-161:1990, _161-06-13, modified — The term "narrowband disturbance"
has heen changed to "narrowband emission" and Note 1 to entry has been added.]

3.22
peak|detector
detegtor, the output veltage of which is the peak value of the applied signal

[SOURCE: IEC«60050-161:1990, 161-04-24]

3.23
preamp, nojise floor
inherneat’thermal noise generated by the first stage amplifier that limits the signal resolutipn of

the meastrementsystem

3.24

receiver terminal voltage

antenna voltage

voltage generated by a source of radio disturbance and measured in dB (uV) by a radio
disturbance measuring instrument conforming to the requirements of CISPR 16

Note 1 to entry: External voltage measured in dB (uV) at the input of a radio interference measuring instrument
conforming to the requirements of CISPR 16-1-1.

[SOURCE: CISPR 25:2008, 3.8, modified — Note 1 to entry has been added.]
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ence point

specific port or point on the test set-up where the measurement of the sampled parameter is
made

3.26

repetition rate
number of surges, spikes, or pulses per unit of time

3.27

radio frequency ambient

RF ambient

electfomagnetic environment

totality of electromagnetic phenomena existing at a given location

[SOURCE: IEC 60050-161:1990, 161-01-01, modified - The preferredoterms "
frequency ambient” and "RF ambient" have been added and Note 1 jt0."entry has
remoyved.]

3.28

shiellded enclosure

mesh or sheet metallic housing designed expressly fap -the purpose of separ
electfomagnetically the internal and external environment

[SOURCE: IEC 60050-161:1990, 161-04-37, modified — The second preferred
"screened room" has been omitted.]]

3.29

significant IC change

chanpes that may influence the electromagnétic emissions of an IC

Note 1 to entry: Examples include changes to a new device, new manufacturer or process line, die shrink,
packape type, significant manufacturing process, internal/external clock, I/O drive capability.

3.30

systém gain

gain
the R

3.31
test
docu
testin

(or attenuation) of the-measurement path between the reference point and the ing
F measuring instrument

blan
ment provided by the test requester to define the tests to be carried out, the object g
g, théxDUT operating status, the conditions for the test and performance objectives

radio
been

ating

term

new

ut of

f the

Note

toventry:  The test plan completely guides the implementation of the test by reference to the standa

d test

procedure, or by detailing revisions or additions for the specific DUT.

4 Test conditions

4.1

General

These default test conditions are intended to ensure a consistent test environment. If other
values are agreed by the users of this procedure, they shall be documented in the test report.

4.2

4.2.1

Ambient conditions

General

The following ambient conditions shall be met.
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4.2.2 Ambient temperature

The ambient temperature during the test shall be 23 °C + 5 °C for repeatability. IC emissions
may vary with temperature.

4.2.3 Ambient RF field strength

The ambient RF noise level shall be at least 6 dB below the lowest emission level(s) to be
measured. This shall be verified before measurements of the IC are made. The DUT shall be
installed in the test set-up, as used for testing. The DUT shall not be activated (for example,
the power supply be disconnected). A scan shall be made to measure the
residga {Se—A-tese hre-ambiertRFroisetevet-shat-bepartof-the-testrepe

4.2.4 Other ambient conditions

All ofher ambient conditions that can affect the result shall be stated in the.individual test
repoft.

4.2.5 IC stability over time

The functional behaviour of the IC shall be stable over time sg that two measuremients,
sepafated by an interval of time, shall yield the same results within the expected variatipn of
the measurement technique.

5 Test equipment

5.1 General

The equipment described in Clause 5 is common to all test procedures described in this
document. Specific equipment shall be itemized in the individual test procedures.

5.2 | Shielding

The pecessary shielding depends_upon the specific test method and the ambient noise level.
A shjelded room may be required to provide a controlled ambient noise level for emigsion
meagurements. A non-shielded set-up can be used if ambient noise levels are at least|6 dB
below the lowest level tosbe.measured.

5.3 | RF measuring  jnstrument
5.3.1 General

Eithgr measuring receivers or spectrum analysers can be used (see Tables 1 and 2 for d¢fault
settings)\The measuring receiver, if used, shall meet the bandwidth requirements as stated in
CISAR.16-1-1.

5.3.2 Measuring receiver

Table 1 — Measuring receiver bands and resolution bandwidth (RBW) default settings

Frequency range 150 kHz to 30 MHz 2 30 MHz

Measuring receiver RBW at 6 dB 9 kHz 120 kHz
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5.3.3 Spectrum analyser

Table 2 — Spectrum analyser bands and RBW default settings

Frequency range 150 kHz to 30 MHz > 30 MHz

Spectrum analyser RBW at 3 dB 10 kHz 100 kHz

5.3.4 Other RBW for narrowband emissions

Whey 0 ar—he—v d—as—betrg—rRatrowband—and reast
technique requires a lower noise floor for resolution of the measured signals from the-am|
RF npise, a reduced RBW can be used.

5.3.5 Emission type, detector type and sweep speed

A determination of whether the emissions are predominately narrowband orbroadband ca
made by measuring at the default bandwidth and at the next narrower (Ohe-third) increme
bandwidth. If the measured level of peak values of the spectrum is reduced by 5 dB or
when the bandwidth is reduced by one-third, then the emissions._can be considered f{
predpminately broadband.

Exanpples of narrowband sources are digital ICs operated*hy a synchronous clock. The
typically produce a continuous emission spectrum .dominated by clock harmonics
fractions. For this reason, the detector chosen wilknot influence the readings. The
detegtor shall be used for narrowband sources.

Exanpples of possible broadband sources are ICs producing a non-continuous spectrum
as cqnverters and non-synchronous logic. These devices shall be measured, preferably
the pgeak detector with the sweep speed.set to reflect the modulation rate, according t
following formula:

Vsﬁéx RBW x f,

=
>
D
=
4%

Vg is the sweep'speed in MHz/s;

frREW is the resplution bandwidth in MHz;

m is theSmodulation frequency in Hz, defined as the lowest repetition rate of a soff
routine or other IC operating parameter that may affect the measured RF emissig

The pweep speed used shall be selected in such a way that a slower sweep speed wi

2018

bient

N be
nt of
more
o0 be

y will
and
peak

such
ising
D the

ware
ns.

| not

resultin'a significant change in the measured emissions

5.3.6 Video bandwidth

The video bandwidth (VBW) shall be at least three times the RBW when a spectrum analyser

is used for measurements.

5.3.7 Verification of calibration for the RF measuring instrument

The calibration of the RF measuring instrument shall be verified by comparison wit

h an

independent calibrated instrument, traceable to a recognized standard body, if absolute levels

are to be reported.
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5.4 Frequency range

The recommended frequency range is 150 kHz to 1 GHz, but this may be extended if the
specific procedure is usable over an extended frequency range. The range of interest may be
smaller when, by function, the IC produces emissions only in that reduced range.

The applicable frequency range is described in each part of IEC 61967.

5.5 Preamplifier or attenuator

If necessary, a preamp or attenuator, either internal or external, can be used. The noise figure
of the preamplifier or atienuator shall be less than 10 dB. The minimum resolufioh for
calibration of the preamplifier is 10 points per decade.

5.6 | System gain

The pain (or attenuation) between the reference point and the input of ther RF measpring
instryment shall be verified to within an accuracy of +0,5 dB.

5.7 | Other components

The |characteristics of cables, connectors and terminators ,not in the measurement |path
betwgen the reference point and the input of the RF measuringzinstrument that can, howgver,
affect the measurement result, shall be verified over the inténded frequency range.

6 Test set-up

6.1 General

Testg shall take place according to a test_plan, which shall be included in the test report.,| This
repoit shall also include:

a) alcircuit diagram of the application (supply decoupling, bus load, peripheral ICs, etc.)
b) a|description of the PCB on which the IC is applied (layout);

c) aftual operating conditions'of the IC (supply voltage, output signals, etc.);

d) aldescription of the type‘of software exercising the IC(s), if applicable.

All variations shall beincluded in the test report. Connection to auxiliary equipment shall not
influgnce the test results.

Othel particular requirements are described in the individual test procedure.

6.2 | JFe€st circuit board

The test PCB to be used depends on the specific measurement method. The specifications of
a general basic test board for this family of standards are described in Annex D of this
document. The test PCB should be designed in accordance with these general specifications
and with the additional specifications as required for the individual measurement methods.
Any deviation from this description shall be stated in the individual test reports.

For the comparison of measurement results from different devices it is necessary to use a
similar PCB design, as close as possible within the same measurement method.

6.3 IC pin loading

If no other loads are required by a specific test method, the pins of the DUT shall be loaded
according to the following default value table, with exceptions as noted.
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Table 3 — IC pin loading recommendations

2018

IC pin type Pin loading

Analogue

— Supply As stated by the manufacturer (or as required)

— Input 10 kQ to ground (Vss) unless the IC is internally terminated

— Output signal 10 kQ to ground (Vss) unless the IC is internally terminated

— Output power Nominal loading as stated by the manufacturer

Digital

—  Supply As stated by the manufacturer (or as required)

— Input Ground (Vss) or 10 kQ to supply (Vdd) if impossible to ground, unless the €
is internally terminated

— Optput 47 pF to ground (Vss)

Conttol

— Input Ground (Vss) or 10 kQ to supply (Vdd) if impossible to ground, unless the IC
is internally terminated

— Optput As stated by the manufacturer

— Bifdirectional 47 pF to ground (Vss)

— Apalogue As stated by the manufacturer (or as required)

Pins

and 9

appropriate for a particular IC, they may be substituted for the values in Table 3 and sh

state

6.4

The
the R
voltal
AC p
lines
reco

6.5
6.5.1

The 3

tated in the test report. These are recommended default values; if other values are

d in the test report.

Power supply requirements — Test board power supply
DUT shall be powered from a@ource with low conducted RF emissions that confo
F ambient requirements. If @ battery is used, it shall meet the IC requirements an
e level shall be checked-periodically to maintain a consistent operating environmen
ower supply can be used if it meets the low RF emissions requirement. All power s

hmendations.

IC specificconsiderations
IC supply voltage

upply’voltage(s) shall be as specified by the IC manufacturer with a tolerance of £5

that do not fall into any of the listed categories shall be loaded as functionally rqured
I

ore
| be

m to
H the
t. An

Lipply

to the DUT shall -be adequately filtered according to the IC manufactdrer's

6.

6.5.2

IC decoupling

To obtain reproducible data of measurement, appropriate decoupling should be accomplished

on th

6.5.3

e test board. See Clause D.9.

Activity of IC

Attempts should be made to fully exercise all available functions that significantly contribute
to the emissions of the IC.

6.5.4

Guidelines regarding IC operation

The intent is to describe the parameters to be controlled in order to ensure test repeatability
for the particular IC function or type as agreed between the manufacturer and the user.
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If a programmable integrated circuit is to be tested, software that flows in a continuous loop
shall be written to ensure that measurements are repeatable. The type of software used to
exercise the IC (minimum, typical or worst-case) shall be documented in the test report. The
IC shall be exercised using one of the following software levels:
a) minimum — implement counter function:

used for basic tests and comparisons, see Annex B;
b) typical — normal operating or production code:

used for representative testing, exercise microprocessor and I/O on a "normal" basis using
the production code;

Cc) worst-case — exercise all 1/0:
uped for diagnostic purposes, see Annex C.

7 Test procedure

7.1 Ambient RF noise check

Meagure ambient RF noise levels to ensure that any ambient signals*present are at least|6 dB
below the target reference level. The data collected shall be part of the test report. |f the
ambipent RF noise is excessive, check the integrity of the, @verall system, especially the
inter¢gonnecting cables and connectors. If necessary, use a shielded enclosure, a lower noise
preamplifier or a narrower spectrum analyser resolution bandwidth. If the area ambierjt RF
noisq is not well known, with possible sporadic local RF sources, it is recommended to gheck
the gmbient RF noise with the unpowered test board4dnyplace and with the spectrum anglyser
running on maximum hold for 1 h or as required to_achieve confidence in the environment.

7.2 | Operational check

Energize the DUT and complete an operational check to ensure proper function of the dgvice
and normal activity (i.e. run IC test codeySee 6.5.4).

7.3 | Specific procedures

Follow the test technique described in the particular emission measurement procedure.

8 Testreport

8.1 General

The :Lest report/shall include sufficient information to allow duplication of the measurements by
another facility.

A - — H
82 ATITOTETTU IXTT TTUTS T

A plot or description of the ambient RF noise levels of the measurement system with the DUT
unpowered shall be included in the test report.

8.3 Description of device

A description of the device (IC) being evaluated and any pertinent information that may
influence the emission performance of the device shall be included in the test report (for
example, IC type number, production code and date, short functional description of the device
as on the data sheet). The operating frequency(ies) shall be indicated, if applicable.
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8.4 Description of set-up

A description of the test set-up shall be included, with any variations from the standard set-up
clearly indicated.

8.5 Description of software

The type of software used to exercise the IC, if applicable, shall be indicated. If a production
code is used, the revision level shall be indicated.

8.6 Data presentation

8.6.1 General

Data| shall be adjusted for any input gain or attenuation to represent the actual values
appepring at the reference point, in dB (uV), for voltage measurements.

8.6.2 Graphical presentation

A grdph of the measured data shall be available.

8.6.3 Measurement data

An ABCII file of the measured data shall be available.

8.6.4] Data processing

The $moothing or averaging of raw data can provide a more readable format. A descriptipn of
any data processing used shall be included in the'test report.

8.7 RF emission limits

As this document describes measurement methods, no RF emission limits are given. Limjits in
genefal depend upon the application, the area and the country. Functional requirementg and
locallor mandated emission requirements will define the limits.

8.8 | Interpretation of resutts
8.8.1 Comparison/between IC(s) using the same test method

Results may be directly compared as long as measurements have been carried out undgr the
samg conditionS..If comparisons are intended, the devices should be running the same [code
(for pxamplée, )the counter test code, Annex B) and the test environment should be as
cons|stentas possible. The same test board should be used.

8.8. anpnricnn between different test methods

At the time of writing, general correlation between the specific test methods has not been
established. Correlation has been demonstrated in specific cases only. Refer to Annex A.

8.8.3 Correlation to module test methods

Where sufficient data exists to establish a correlation between the measured values and the
expected emissions from the IC for a given application, this shall be indicated in the specific
test method (for example, component or system level tests of the product). A number of
factors are involved in the translation from IC level emissions to the module or product level.
In general, this IC-to-module correlation is limited to specific cases where the variables
involved are controlled.
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(informative)

Test method comparison tables

Tables A.1 and A.2 compare the test methods for conducted emissions and radiated
emissions, respectively.
Table A.1 — Conducted emission
IEC 61967-4 IEC 61967-5 IEC 6196746
Item
1 Q/150 Q WBFC Magneticprobe
Meadured emission type in IC Differential- and Common-mode Differential- and
common-mode conducted emissions® commonsmode
conducted emissions? conduicted emissiofps?
Prop¢sed frequency range 150 kHz to 150 kHz to 150 kHz to
1 000 MHz 1 000 MHz 3 000 MHz
Test poard for:
— comparison of ICs Mandatory Mandatory Mandatory
— evpluation in application Non-restricted® Non-restricted Non-restricted®
Operptor dependence to reproduce | No No No
meagqurements
Single pin voltage/current Yes NO Yes
meadurable
Comparison of IC versions — Yes Yes Yes
in sane package
IC enpission source/path analysis
— variation of packaging Possible Yes Possible
— on}chip decoupling Yes Yes Yes
— myltiple pin power supply Yes Yes Yes
— 1/Q signal conditioning Yes Yes Yes
— opfimized location of pins Partly Yes Yes
IC evfaluation Yes Yes Yes
a Djfferential mode voltage and common mode current.

bmmon mode veltage and currents.
1 Q/150 Q connections are incorporated.

a suitablesmicrostrip is incorporated.
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Table A.2 — Radiated emission

Item

IEC 61967-2

TEM?@ cell and
wideband TEM cell

IEC TS 61967-3

Surface scan

IEC 61967-8

IC stripline

Measured emission type in IC

E/H field from IC

E/H field from IC

E/H field from IC

Proposed frequency range 150 kHz to 2 GHz and 150 kHz to 150 kHz to
higher (up to 18 GHz) 3 000 MHz 3 000 MHz

Test board for:

— comparison of ICs Mandatory Mandatory Mandatory

— evhluation in application Needed Needed Needed

Operptor dependence to reproduce | No No, if automated No

meagurements system used

Single pin voltage/current No No No

meagurable

Comparison of IC versions — Yes Yes Yes

in sane package

IC enpission source/path analysis

— vafiation of packaging Yes Yes Yes

— on}chip decoupling Yes Partly Yes

— myltiple pin power supply Partly Partly Partly

— 1/Q signal conditioning Partly Partly Partly

— opfimized location of pins No NO No

IC evialuation Yes No Yes

2 Tlansverse electromagnetic



https://iecnorm.com/api/?name=85feeadc35a2cb5b4545f45ff5fe2928

IEC 61967-1:2018 © IEC 2018 -19 -

Annex B
(informative)

Flow chart of a counter test code

This simple routine implements a counter function using a single 8-bit port. Every 100 us, the
port output is incremented or decremented. After 10 count cycles (256 ms), an LED output is
complemented. This will provide a blinking light indication with a frequency of about 2 Hz. For
consistency, equivalent loop times should be maintained. The test code flow chart is shown in
Figure B.1.

Start

v

Initialization

|
2

Output to port

A

A

A 4

Time delay

Port value + 1

256-cycles No »
Ll
done?
Yes
Port value =0
Loop count + 1
No

10 cycles
done?

A J

Invert LED

v

Loop count =0

IEC

Figure B.1 — Test code flow chart
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Annex C
(informative)

Description of worst-case application software

While under test, the IC shall execute software representative of that which could be found in
a worst-case application. The software loop execution time shall be at least three orders of
magnitude smaller than the spectrum analyser sweep period (for example, sweep =6 s,
software loop <6 ms). The following recommendations are applicable to a single IC
microcontroller (MCU). They are intended as guidelines for the software writer; however, it is

H () + + In ) H HI| HI 4 Honacs e ol H
I’eCOg MZTU titat 11Ul air Ut i PJuUITTtS artc ricicoosdliily apprupriattc TUT all vl U Uutvittos.

a)
b)

c)

d)

When it is impractical to execute test software (for example, when the device ha
progfammable memory and cannot bootstrapy;code into internal RAM), the test shou
perfgrmed with the device held in reset. However, this test condition shall be reported wit
test nesults.

bg given to the bus implementation (precharged or static);

the test software should provide some means of indicating correct execution to the
(for example, toggling the port pin);

the test software should enable and exercise all on-board IC peripherals, where prad
In particular, peripherals that can generate fast periodic signals (serial peripherals,
timers) should be configured and exercised to generate these petiodic signals. Howe
these peripherals significantly contribute to the total radiated efmission figure, then thg
can be performed, and results reported, with the peripherals.enhabled and disabled;

I/0 pin. However, if these clocks significantly contribute to the total radiated emi
figure, then the test can be performed, and results\feported, with the clocks enableg
d|sabled.

the CPU should maximally exercise the internal address and data buses. Attention should

user

tical.
fome
er, if
e test

the test software should enable all internally generated:clock sources that appear o any

5sion
and

S Nno
d be
h the
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D.1

Annex D
(informative)

General test board description

General

The purpose is to describe a universal test board. Such a board is necessary to compare the
EMC performance of various ICs from different manufacturers. Constraints are given for those

MC acnactc
parameters-influencing-the-EMC-aspests-

D.2

The

Figune D.1. All edges of the board shall be tinned by at least 5 mm, or .made conducti

order
gold-

The

D.3

The
minir
adde
Laye
left &
unde

The

and all other components and’/trace patterns remain on the opposite layer (layer 4).

D.4

The tround planes (layers 1 and 4) shall be interconnected by means of vias. These vias

be pl

Board description — Mechanical

board size is 100 j mm?2. Holes may be added at the corners of the board, as sho

to make proper contact with the TEM cell, if used. As an altérnative, edges mg
plated.

ias at the outer edge of the board shall be at least 5 mmsaway from that edge.

Board description — Electrical

rawing in Figure D.1 shall be taken as a guide. A double layer board is proposed
hum requirement. However, if functionally~heeded, layers 2 and 3 or others ma
d in between, such that a multi-layer board, appears.

r 1 shall always be used as the ground plane. Layer 4 allows other signals, but sha

rneath the IC shall be left as aground plane.

PCB shall be made in such-a way that only the IC package remains on one side (lay

Ground planes

ced at(the following positions over the board as described in Table D.1.

Table D.1 — Position of vias over the board

vn in
ng in
y be

as a
y be

[l be

s intact as possible, in order to_bé’a ground plane as well. At least the area in layer 1

er 1)

shall

Via position Location
1 All around, at the edges of the board
2 Just outside the DUT area
3 Just inside, underneath the IC area

The ground plane at layer 1 shall be continued between vias, at position 2. As such, the
ground plane at layer 1 is continued over the whole board.

If possible the same shall be done for layer 4, but the possibility to do so depends on the IC
package and the space available.
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D.5 Package pins

D.5.1 General

All functionally necessary components other than the IC shall be mounted on layer 4. It is
therefore necessary to feed 1/0O and other required pins from layer 1 to layer 4. The loop areas,
trace length, via placement and component orientation shall be so optimized that minimum
loop areas are obtained.

D.5.2 DIL packages

Thesge packages do not require vias, as plated-through hole pins are considered present, or
estallished by the pins themselves.

D.5.3 SOP, PLCC, QFP packages
Thesge packages require the use of vias. The vias should preferably be centred in the |pads

used|for soldering the ICs. Preferably, these vias should be placed at position 3, Table D|1, to
minimize the loop area involved in which the IC currents will flow.

D.5.4 PGA packages

Thesge packages do not require vias, as plated through-holefpins are considered present or
estallished by the pins themselves.

D.5.5 BGA packages

Thesp packages require the use of vias.(.The vias for power supply and ground
inter¢onnection should preferably be located in accordance with the manufactdrer's
recommendations.

D.6 | Via diameters

All vips at positionl shall have a‘hole diameter of 0,8 mm. All other vias shall have a diarpeter
of 2 (0,2 mm.

D.7 | Viadistance

A/10.[ The maximum lateral distance between vias connecting layer 1 to layer 4 (positiong 1, 2
and B) shalhbe 10 mm. Vias for signal traces shall be placed as close as possible to fhose
vias gonmnecting layer 1 to layer 4.

Via pglacement shall be controlled as follows for the applicable frequency range, for exa%nple,

D.8 Additional components

All additional components shall be mounted at layer 4. They shall be placed in such a way
that they do not interfere with the constraints as set for layers 1 and 4 and interconnecting
vias.

D.9 Supply decoupling

D.9.1 General

To obtain reproducible data of measurement, adequate supply decoupling is required in
accordance with the test board specifications. Decoupling capacitors on the test board shall
be classified into two groups, as described in D.9.2. and D.9.3. The values and layout
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positions of the decoupling capacitors and other decoupling components shall be stated in the
individual test report.

D.9.2 IC decoupling capacitors

Supply decoupling for the IC shall be in accordance with the manufacturer's recommendations.
IC decoupling capacitors, if any, shall be connected to the ground plane in layer 4,
underneath the IC, as described in Clause D.3 and in Figure D.1, to maintain the proper
operation of the DUT. The value and layout position of a decoupling capacitor of each supply
pin of the DUT may be as advised by the manufacturer, or otherwise, as long as stated in the
test report.

D.9.3 Power supply decoupling for the test board

Impedance of the test board power supply may affect the measurement resultslif the power
supply decoupling is not adequately designhed. To control the supply impedance of thg test
board for any external power supply which may be used in the measurement, a grolip of
decoppling capacitors shall be located on the test board. Their values and layout positions
shall| be as described in the individual measurement standards, or-otherwise, as long as
stated in the test report.

D.10 1/O load

Addifional components necessary to load or activate the’/IC shall be mounted on layer 4,
prefegrably directly underneath the IC package area. This includes the necessary ports to pllow
IC mpnitoring during the RF immunity test.
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Dimensions in millimetres
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+ 1 : i
o ; :
- : :
T : :
: Wi
Additional heles may be
\ added at the corner
0,2 mm vias connect DUT pin traces
\'\_ Ground plane extended 0,8 mim vias connect layer 1
0,8 mm vias connect below DUT withlayer 4
layer 1 with layer 4 \ | 1
>~ A

Y

X

/ " /

/ Supplydecoupling shall be referred ’

/ testhis part of the ground plane .f";

Additional components shall be /
added at layer 4, preferably ifiside /
the via perimeter =5 /
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i ©
Layer 2 «<power — p-mmm mm @ - = i E E
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IEC

Figure D.1 — Example of an emission test board
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AVANT-PROPOS

Commission Electrotechnique Internationale (IEC) est une organisation mondiale de “pormal
mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC), L'IEC

et de favoriser la coopération internationale pour toutes les questions de normalisation-dans les don
I"électricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie des Normes internati
5 Spécifications techniques, des Rapports techniques, des Spécifications accessibles au/public (PAS)

ides (ci-apres dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a,des*comités d'étude
vaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organig
Ernationales, gouvernementales et non gouvernementales, en liaison avec I'|lEC,/participent égaleme
aux. L'IEC collabore étroitement avec I|'Organisation Internationale de_ Normalisation (ISO), selo
hditions fixées par accord entre les deux organisations.

5 décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la n
possible, un accord international sur les sujets étudiés, étant donne/que les Comités nationaux dg
Eressés sont représentés dans chaque comité d'études.

5 Publications de I'lEC se présentent sous la forme de recogmmandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous lés\efforts raisonnables sont entrepris afi
C s'assure de l'exactitude du contenu technique de{ses publications; I'lEC ne peut pas étre
ponsable de I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utili
al.

ns le but d'encourager I'uniformité internationale,(fes Comités nationaux de I'lEC s'engagent, dans tdg
sure possible, a appliquer de fagon transparenie les Publications de I'lEC dans leurs publications nati
régionales. Toutes divergences entre toutes Publications de I'l[EC et toutes publications nationall
ionales correspondantes doivent étre indiguées en termes clairs dans ces derniéres.

FC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indéper
rnissent des services d'évaluation,de conformité et, dans certains secteurs, accédent aux marqul
hformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certifi
épendants.

une responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
ur tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de q
ure que ce soit, \difecte ou indirecte, ou pour supporter les colts (y compris les frais de justice)
penses découlant:de la publication ou de I'utilisation de cette Publication de I''EC ou de toute
blication deA"JEC, ou au crédit qui lui est accordé.

ttention.est)attirée sur les références normatives citées dans cette publication. L'utilisation de publig
érencées est obligatoire pour une application correcte de la présente publication.

ttehtion est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven

us les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|
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bjetde droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels

droits

de

brevets et de ne pas avolr signale leur existence.

La Norme internationale IEC 61967-1 a été établie par le sous-comité 47A: Circuits intégrés,
du comité d'études 47 de I'lEC: Dispositifs a semiconducteurs.

Cette deuxieme édition annule et remplace la premiére édition parue en 2002. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) la gamme de fréquences 150 kHz a 1 GHz a été supprimée du titre;

b) un palier de fréquences au-dessus de 1 GHz a été ajouté dans le Tableau 1, le Tableau 2
et au Paragraphe 5.4;
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c) le Tableau A.1 a été divisé en deux tableaux et I''EC 61967-8 a été ajoutée au
Tableau A.2 de I'Annexe A;

d) la description générale de la carte d'essai a été déplacée a I'Annexe D.

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote

47A/1062/FDIS 47A/1066/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

aboufraTapprobation de cette Norme mternatonate. ... |

Ce dpcument a été rédigé selon les Directives ISO/IEC, Partie 2.

Une Jiste de toutes les parties de la série IEC 61967, publiées sous le titre,général Cifcuits
intégrés — Mesure des émissions électromagnétiques peut étre consultée sur le site wgb de
I'"EC

Les futures normes de cette série porteront dorénavant le nouveau titre général cité ci-dgssus.
Le titre des normes existant déja dans cette série sera mis a jour lors de la prochaine édition.

Le comité a décidé que le contenu de ce document ne Sera pas modifié avant la dafe de
stabi|ité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les données
relatives a la publication recherchée. A cette date, le document sera

g¢conduit,

L]
-

e slipprimé,

°
-

emplacé par une édition révisée, ou

e amendé.
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Partie 1. Conditions générales et définitions

1 Domaine d'application

Lap
mesu

ésente partie de I'lEC 61967 fournit des informations générales et des définitions, qur la
re des perturbations électromagnétiques conduites et rayonnées par les circuits,intégrés.

Elle giécrit également les conditions de mesure, I'appareillage et le montage d'essai; ains| que

les pfocédures d'essai et le contenu des rapports d'essai. L'Annexe A fournit deS_tablea

comy

appropriées.

Le p
envir
les ¢

araison des méthodes d'essai permettant de choisir la ou les méthodes de mg

résent document a pour objet de définir des conditions générales afin d'établ
pnnement d'essai uniforme et d'obtenir une mesure quantitative.des perturbations R
rcuits intégrés (Cl). Il décrit les parametres fondamentaux supposés avoir une incid

X de
bsure

r un
= par
ence

sur lgs résultats des essais. Tout écart par rapport au présent document est consigné de
maniere explicite dans les rapports d'essai. Les résultats des”mesures peuvent étre utjlisés
notainment a des fins de comparaison.

La meesure de la tension et du courant des émissions’ RF conduits ou des perturbationls RF
rayg’:Lnées provenant d'un circuit intégré dans. des conditions contrdlées, fournit| des
informations sur les perturbations RF potentiellés.dans une application du circuit intégré.

La gagmme de fréquences applicable est décrite dans chaque partie de I'lEC 61967.

2 Reéférences normatives

Les documents suivants cités.dans le texte constituent, pour tout ou partie de leur contenu,
des |exigences du présent.document. Pour les références datées, seule I'édition [citée
s'apflique. Pour les références non datées, la derniére édition du document de référence
s'apfdlique (y compris fesiéventuels amendements).

CISPR 16-1-1, Spécifications des méthodes et des appareils de mesure des perturbgtions

radio
mesuy
— Ap

Electriquestet de I'immunité aux perturbations radioélectriques — Partie 1-1: Appare
re des.perturbations radioélectriques et de I'immunité aux perturbations radioélectr
bareitssde mesure

Is de
ques

3 Termes et définitions

Pour

les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible & I'adresse http://www.iso.org/obp
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3.1

réseau fictif

AN

réseau présentant une impédance de charge de référence (simulée) au dispositif en essai
(par exemple, lignes électriques ou de télécommunications prolongées) qui permet de
mesurer les tensions perturbatrices RF et qui isole I'appareil de I'alimentation ou des charges
a une gamme de fréquences donnée

Note 1 a l'article: Le terme abrégé "AN" est dérivé du terme anglais développé correspondant “artificial network".

3.2

é uinnmnni—n accnnidc Nl
quipements-asseeiés—pi

transducteurs (par exemple sondes, réseaux et antennes) connectés a un récepteyr de
mesyre ou a un générateur d'essai; également les transducteurs utilisés dans le ‘traj¢t de
transmission des signaux ou des perturbations entre un dispositif en essai et un_apparegil de

mesyre ou un générateur de signaux (d'essai)

3.3

pertdrbation a large bande
émisfsion a large bande
perturbation électromagnétique dont la largeur de bande est supérieure a celle d'un appareil
de mesure, d'un récepteur ou d'un dispositif susceptible donné

Note 1 & l'article: Pour certaines applications, des composantes spectrales particulieres d'une perturbaion a
large bande peuvent étre considérées comme des perturbations a bande_étroite.

Note 3 a l'article: Emission dont la largeur de bande est supérigure & celle d'un appareil de mesure ofi d'un
récepfeur donné.

[SOURCE: IEC 60050-161:1990, 161-06-11, modifié — La Note 2 a l'article et le deuXiéme
terme privilégié "émission a large bande" ont-&té ajoutés.]

3.4
tensjfon en mode commun

tensipn de perturbation asymétriquée
moygnne des phaseurs qui réprésentent les tensions entre chaque conducteur et| une
référence arbitraire, généralement la terre ou la masse

[SOURCE: IEC 60050-161:1990, 161-04-09, modifié — Le mot "perturbation” a été ajoufé au
termg admis.]

3.5
courpnt en mede commun
somme vectorielle des courants traversant deux conducteurs ou plus a une section spégifiée
d'un planimathématique entrecoupé par ces conducteurs

3.6

émission conduite

transitoire et/ou autre perturbation observée aux bornes externes d'un dispositif pendant son
fonctionnement normal

3.7

perturbation continue

perturbation électromagnétique dont I'effet sur un dispositif ou un appareil donné ne peut étre
décomposé en une suite d'effets distincts

Note 1 & l'article: Perturbation RF d'une durée supérieure & 200 ms a la sortie de la fréquence intermédiaire d'un
récepteur de mesure, provoquant une déviation de l'aiguille d'un récepteur de mesure en mode de détection de
quasi-créte qui ne diminue pas immédiatement.
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[SOURCE: IEC 60050-161:1990, 161-02-11, modifié — La Note 1 a l'article a été ajoutée.]

3.8

DUT

dispositif en essai

dispositif, appareil ou systéme soumis a une évaluation

Note 1 a l'article: Tel qu'il est utilisé dans le présent document, le dispositif en essai désigne un dispositif a
semiconducteurs soumis a essai.

Note 2 a l'article: Le terme abrégé "DUT" est dérivé du terme anglais développé correspondant "device under
test".

3.9
rédugtion de la taille d'une puce
rédugtion de la taille d'une puce reposant sur l'utilisation d'un procédé de fabrication avancé,
notamment par une technologie de lithographie plus fine et I'emploi de masqués

3.10
courpnt en mode différentiel
dans| un céble a deux conducteurs, ou pour deux conducteurs ~particuliers d'un ¢able
multiconducteur, moitié du module de la différence des phaseursoreprésentant les coufants
dans|chaque conducteur

[SOURCE: IEC 60050-161:1990, 161-04-38]

3.11
tension en mode différentiel
tensipn entre deux conducteurs donnés d'un ensemble de conducteurs

[SOURCE: IEC 60050-161:1990, 161-04-08, modifié — Le deuxieme terme privilggié,
"tensjion asymétrique", a été supprimé.]

3.12
pertyrbation discontinue
perturbation électromagnétigue* dont I'effet sur un dispositif ou un appareil donné peuf étre
décomposé en une suite d'effets distincts

Note 1 a l'article: 1l est_reconnu que cette définition ne caractérise pas la perturbation indépendamment de|l'effet
qu'ellg produit. En pratiqug, il convient de rapporter toute mesure d'une perturbation a son effet sur un digpositif
susceptible donné.

Note 3 a I'article™'Pour les claguements dénombrés, perturbation d'une durée inférieure & 200 ms a la sorti¢ de la
fréqugnce intenmédiaire d'un récepteur de mesure, provoquant une déviation transitoire de I'aiguille d'un récgpteur
de mejsure gnmode de détection de quasi-créte.

[SOURCE: IEC 60050-161:1990, 161-02-28, modifié — La Note 2 a l'article a été ajoutéd.

[a—

3.13
carte a circuit imprimé de petit format

carte a circuit imprimé d'une longueur et d’'une largeur inférieures a A/2, par exemple 100 mm
a 150 mm a 1 GHz

3.14

CEM

compatibilité électromagnétique

aptitude d'un appareil ou d'un systeme a fonctionner dans son environnement
électromagnétique de facon satisfaisante et sans produire lui-méme des perturbations
électromagnétiques intolérables pour tout ce qui se trouve dans cet environnement
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3.15
émission électromagnétique
processus par lequel une source fournit de I'énergie électromagnétique

3.16

rayonnement électromagnétique

émission rayonnée

1) processus par lequel une source fournit de I'énergie vers l'espace extérieur sous forme
d'ondes électromagnétiques

2) énergie transportée dans I'espace sous forme d'ondes électromagnétiques

[SOURCE: IEC 60050-161:1990, 161-01-10, modifié — Le deuxiéme terme privillégié,
"émigsion rayonnée", a été ajouté.]

3.17
limite d'émission
<d'une source perturbatrice> valeur maximale spécifiée du niveau d'émission d'une sourg¢e de
perturbation électromagnétique

[SOURCE: IEC 60050-161:1990,161-03-12]

3.18
plan|jde masse de référence
surfalce conductrice plate dont le potentiel est utilisé comme référence

[SOYRCE: IEC 60050-161:2014, 161-04-36, madifié — La définition a été abrégée 4t les
noteg a l'article ont été supprimées.]

3.19
grillg de connexion
strucfure de soutien de la puce de silicium qui relie les broches extérieures a la puce

3.20
récepteur de mesure
récepteur destiné a la mesure des perturbations a I'aide de différents détecteurs

Note 1 a l'article: Il convient que la largeur de bande du récepteur soit conforme a la valeur spécifiée dans la
CISPR 16-1-1.

3.21
émisjsion a-panhde étroite
perturbation. électromagnétique, ou composante spectrale d'une perturbation, dont la lafgeur
de bpnde-est inférieure ou égale a celle d'un appareil de mesure, d'un récepteur ou|d'un
dispasitif susceptible donné

Note 1 & l'article: Emission dont la largeur de bande est inférieure & celle d'un appareil de mesure ou d'un
récepteur donné.

[SOURCE: IEC 60050-161:1990, 161-06-13, modifi€é — Le terme "perturbation a bande
étroite" a été remplacé par "émission a bande étroite" et la Note 1 a I'article a été ajoutée.]

3.22
détecteur de créte
détecteur qui fournit une tension de sortie égale a la valeur de créte du signal appliqué

[SOURCE: IEC 60050-161:1990, 161-04-24]
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de fond du préamplificateur

bruit thermique inhérent généré par le préamplificateur de premier niveau qui limite la
résolution du signal du systéeme de mesure

3.24
tensi
tensi

on aux bornes du récepteur
on antenne

tension produite par une source de perturbations radioélectriques et mesurée en dB(pV) par
un appareil de mesure des perturbations radioélectriques conformément aux exigences de la

norm

e CISPR 16

Note ]
radiog

[soU

3.25
poin
acce

parametre échantillonné

3.26
fréqu
noml

3.27
cond
cond
envir
ense

[SOU
ambi
a l'ar
3.28
cage

ence
élect

[soU

3.29

a l'article: Tension extérieure mesurée en dB(pV) a l'entrée d'un appareil de mesure de_bro
lectrique conformément aux exigences de la CISPR 16-1-1.

RCE: CISPR 25:2008, 3.8, modifié — La Note 1 a l'article a été ajoutée.}

de référence
5 ou point spécifique sur le montage d'essai sur lequel est(effectuée la mesur

ence de répétition
re de chocs, de pointes de tension ou d'impulsions’par unité de temps

itions ambiantes des radiofréquences, pl

itions ambiantes des RF, pl

pnnement électromagnétique

Mmble des phénomeénes électromagnétiques existant a un endroit donné

RCE: I|EC 60050-161:1990, 161-01-01, modifié — Les termes privilégiés "cond
antes des radiofréquences” et\¥conditions ambiantes des RF" ont été ajoutés et la N
ficle a été supprimée.]

de Faraday
nte fermée par~des parois métalliques pleines ou grillagées, destinée a sé
romagnétiqguement l'intérieur et I'extérieur

RCE: .IEC 60050-161:1990, 161-04-37]

illage

e du

tions
tel

barer

mod

fication cianificativia di Cl
H-GaHO-H S+ HEatHe-at t

modification pouvant influencer les émissions électromagnétiques d'un ClI

Note 1 a l'article: Les modifications apportées a un nouveau dispositif, un nouveau fabricant ou procé
réduction de la taille d'une puce, un nouveau type de boitier, un changement de production important, I'horloge
interne/externe, la capacité de 'unité d'entrée-sortie, en sont des exemples.

3.30
gain

du systeme

dé, la

gain (ou affaiblissement) du trajet de mesure entre le point de référence et l'entrée de
I'appareil de mesure de radiofréquences
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3.31

plan d'essai

document fourni par le demandeur de I'essai visant a définir les essais a effectuer, I'objet des
essais, I'état de fonctionnement du dispositif en essai, les conditions d'essai et les objectifs
de performance

Note 1 a l'article: Le plan d'essai guide l'intégralité de la mise en ceuvre de l'essai, en faisant référence a la
procédure d'essai normalisée, ou en énumérant les révisions ou les amendements concernant le dispositif en essai
spécifique.

4 Conditions d'essai

4.1 Généralités

Ces tonditions d'essai par défaut visent a assurer l'uniformité de I'environnement d'essgi. Si
les utilisateurs de cette procédure ont fixé d'autres valeurs, celles-ci doivent.étre indiquées
dans|le rapport d'essai.

4.2 Conditions ambiantes
4.2.1 Généralités

Les qonditions ambiantes suivantes doivent étre respectées.

4.2.2 Température ambiante

La tgmpérature ambiante d'essai doit étre de 23 °C/+'5 °C pour maintenir des conditions de
répétabilité. Les émissions du Cl peuvent varier enfonction de la température.

4.2.3 Intensité ambiante du champ de radiofréquences

Le nlveau de bruit ambiant des radiaofréquences doit étre au moins de 6 dB inférieur pu(x)
nivegu(x) d'émission le(s) plus bas -a“mesurer. Ceci doit étre vérifié avant d'effectuer les
mesyres du CI. Le dispositif en essai doit étre installé dans le montage d'essai, tel utilisé[pour
les essais. Le dispositif en sessai ne doit pas étre activé (par exemple, la tepsion
d'alimentation doit étre coupée)-’Le bruit résiduel doit étre mesuré a l'aide d'un balayagg. Le
rapport d'essai doit comporter une description du niveau de bruit ambiant| des
radiofréquences.

4.2.4 Autres conditions ambiantes

Toute¢ autre condition ambiante pouvant affecter le résultat doit étre indiquée dang les
rappo¢rts d'essai.

4.2.5 Stabilité du Cl dans le temps

Le fonctionnement du CI doit étre stable dans le temps de sorte que deux mesures, séparées
par un intervalle de temps donné, produisent des résultats identiques dans les limites de la
variation prévue de la technique de mesure.

5 Appareillage d'essai

5.1 Généralités

L'appareil décrit dans I'Article 5 est utilisé dans I'ensemble des procédures d'essai décrites
dans le présent document. Un appareil spécifique doit étre utilisé selon les procédures d'essai.
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5.2 Blindage

Le blindage nécessaire dépend de la méthode d'essai spécifique et du niveau de bruit
ambiant. Un local blindé peut étre exigé pour contrdler le niveau de bruit ambiant lors des
mesures d'émissions. Une installation non blindée peut étre utilisée si le niveau de bruit
ambiant est au moins de 6 dB inférieur au niveau le plus bas a mesurer.

5.3 Appareil de mesure de radiofréquences

5.3.1 Généralités

Des réceptetrs—de—mestre—ou—des—analseurs—de—spectres—petient—oetre—utiisés—(voir les
1 Y g P Y

Tablg¢aux 1 et 2 pour les paramétrages par défaut). Si un récepteur de mesure est_ufilisé,
celuitci doit étre conforme aux exigences de largeur de bande de la CISPR 16-1-1.

5.3.2 Récepteur de mesure

Tableau 1 — Réglages par défaut des bandes et des largeurs
de bande de résolution du récepteur de mesure

Gamme de fréquences 150 kHz & 30 MHz 2,30 MHz

Largeur de bande de résolution

du récepteur de mesure & 6 dB 9 kHz 120 kHz

5.3.3 Analyseur de spectres

Tgbleau 2 — Paramétrages par défaut d’'un analyseur de spectres et des largeurs ¢le
bandes de résolution

Gamme de fréquences 150 kHz a 30 MHz > 30 MHz

Largeur de bande de résolution

de lI'analyseur de spectres a 3dB 10 kHz 100 kHz

5.3.4 Autre largeur de b@nde de résolution pour les émissions a bande étroite

Lorsqu'il peut étre vérifiénque les émissions radioélectriques sont a bande étroite et qle la
techjique de mesure(exige un bruit de fond plus bas pour la résolution des signaux mesgurés
a paftir du niveau de)bruit ambiant des radiofréquences, une largeur de bande de résolution
réduite peut étrewutilisée.

5.3.5 Type-d'émission, type de détecteur et vitesse de balayage

Pour|déterminer si les émissions sont majoritairement a bande étroite ou a large bande} des
mesures—peuvert—etre—effectutes—an—niveat—ade—tla—targeur—de—bande—par—defaut—et de
I'incrément le plus étroit (un tiers) suivant de la largeur de bande. Si le niveau mesuré des
valeurs de créte du spectre est réduit de 5 dB ou plus lorsque la largeur de bande est réduite
d'un tiers, les émissions peuvent alors étre considérées comme étant majoritairement a large

bande.

Les Cl numérigues commandés par une horloge synchrone constituent des exemples de
sources a bande étroite. En général, ils produisent un spectre d'émissions continues dominé
par les harmoniques et fractions d'horloge. Pour cette raison, le détecteur choisi n'influence

pas les valeurs indiquées. Le détecteur de créte doit étre utilisé pour les sources a bande
étroite.

Par exemple, les Cl produisant un spectre discontinu (tels que les convertisseurs et les

circuits logiques asynchrones) constituent des sources a large bande possibles. Ces
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dispositifs doivent étre mesurés, préférentiellement a l'aide du détecteur de créte, la vitesse
de balayage étant réglée pour correspondre a la rapidité de modulation, selon la formule

e de

plus

suivante:
2
Vg £ —xRBW x f,,
3

ou

Vg est la vitesse de balayage, en MHz/s;

fRBW est la Inrgnur de bande de réenlnfinn, en I\III—I7;

f est la fréquence de modulation, en Hz, définie comme la plus faible fréqueng
répétition d'un logiciel ou un autre parametre de fonctionnement du Cl-polivant
modifier les émissions RF mesurées.

La vitesse de balayage utilisée doit étre choisie de sorte qu'une vitesse de-balayage

lente|n'entraine pas de modification significative des émissions mesurées.

5.3.6 Largeur de bande vidéo

La Igqrgeur de bande vidéo doit étre au moins égale a trois fois la largeur de band

résol

5.3.7

L'étal

ption lorsqu'un analyseur de spectres est utilisé pour lesémeSures.

Vérification de I'étalonnage de I'appareil dednesure de radiofréquences

onnage de l'appareil de mesure de radiofréqéiences doit étre vérifié en effectuan

comparaison avec un autre appareil étalonné, tracable a un organisme de normalis
reconmnu, lorsque des niveaux absolus doivent étre consignés.

5.4

Gamme de fréquences

La gamme de fréquences recommandée est comprise entre 150 kHz et 1 GHz, mais elle

étre
Lag
prod

mme prise en compte peut-étre plus petite lorsque, en raison de sa fonction, le
it des émissions que dans-cette gamme réduite.

La gamme de fréquencesrapplicable est décrite dans chaque partie de I'l'EC 61967.

5.5

Si ndcessaire,odn préamplificateur ou un atténuateur, interne ou externe, peut étre utilisg.
ur de bruit du préamplificateur ou de l'atténuateur doit étre inférieur a 10 dB.

facte
résol

5.6

Préamplificateur ou atténuateur

utiomminimale pour I'étalonnage du préamplificateur est de 10 points par décade.

e de

une
ation

peut

Btendue si la procédure spécifigue est utilisable sur une gamme de fréquences étendue.

Cl ne

La

Gainm du SysSteme

Le gain (ou l'affaiblissement) entre le point de référence et I'entrée de I'appareil de mesure de

radio

5.7

fréquences doit étre vérifié a +0,5 dB pres.

Autres composants

Les caractéristiques des céables, connecteurs et terminaisons qui ne se trouvent pas sur le
trajet de mesure entre le point de référence et l'entrée de I'appareil de mesure de
radiofréquences pouvant cependant influer sur le résultat de la mesure doivent étre vérifiées
sur la gamme de fréquences prévue.
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