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FOREWORD

2018

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization_comprising

fis. To

alll national electrotechnical committees (IEC National Committees). The object of IEC is")to/ promote
infernational co-operation on all questions concerning standardization in the electrical and electronic fiel
this end and in addition to other activities, IEC publishes International Standards, TechnicallSpecific

tions,

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

rested

in|the subject dealt with may participate in this preparatory work. International, governmental and non-

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

with the International Organization for Standardization (ISO) in accordance withyconditions determined by

tional
bm all

tional
bf IEC

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

Inforder to promote international uniformity, IEC National Committees undertake to apply IEC Publidations
trgnsparently to the maximum extent possible in their‘ynational and regional publications. Any diverngence
beftween any IEC Publication and the corresponding national or regional publication shall be clearly indicated in

the latter.
IEC itself does not provide any attestation of conformity. Independent certification bodies provide confprmity
aspessment services and, in some areas, ,aecess to IEC marks of conformity. IEC is not responsible fpr any

sefvices carried out by independent certification bodies.
All users should ensure that they have,the latest edition of this publication.

Nq liability shall attach to IEC or itsidirectors, employees, servants or agents including individual exper
mgmbers of its technical committees’ and IEC National Committees for any personal injury, property dam

s and
hge or

otlher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC

Pyblications.

Attention is drawn to-the/Normative references cited in this publication. Use of the referenced publicati
indispensable for the.correct application of this publication.

Atiention is drawn-to the possibility that some of the elements of this IEC Publication may be the sub
paent rights..]IEC-shall not be held responsible for identifying any or all such patent rights.

This|redline version of the official IEC Standard allows the user to identify the cha
made to”the previous edition. A vertical bar appears in the margin wherever a ch
has been made. Additions are in green text, deletions are in strikethrough red text.

bns is

ect of

nges
ange
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International Standard IEC 60268-4 has been prepared by IEC technical committee 100:
Audio, video and multimedia systems and equipment.

This sixth edition cancels and replaces the fifth edition published in 2014. This edition
constitutes a technical revision.

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

a) S

ubclause 19.4 on "pop" measurement replaces Annex C;

b) new Annex D for noise measurements in the digital domain.

The Eaxt of this International Standard is based on the following documents:

Full

CDhV Report on voting
100/2992/CDV 100/3109/RVC

nformation on the voting for the approval of this International Standard can be found in

the reéport on voting indicated in the above table.

This document has been drafted in accordance with the ISOAEC Directives, Part 2.

A list of all parts of the IEC 60268 series, under the_general title Sound system equipment,
can bpe found on the IEC website.

The ¢ommittee has decided that the contents ofithis document will remain unchanged unfjil the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e regconfirmed,

. ithdrawn,

o r¢placed by a revised edition,or

e amended.

IMPQRTANT - The “colour inside” logo on the cover page of this publication indigates

that

of it§ contents/Users should therefore print this publication using a colour printer.

t contains.colours which are considered to be useful for the correct understanding
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A bilingual version of this publication may be issued at a later
date.SOUND SYSTEM EQUIPMENT -

Part 4: Microphones

1 Scope

This
sens
syste

It ap
apply
havir
flush
audid

tran
up to

The

characteristics are considered in Annex A-Arrex-&and Annex-BC.

NOTE
microf
by int

microj

2 Normative references

The
contd
cited
any 4

CISH
requ

tivity, directional response pattern, dynamic range and external influences.‘of, spund

part of IEC 60268 specifies methods of measurement for the electrical imped{;nce,
m microphones, and also details the characteristics to be specified by the mandfactyrer.

blies to sound system microphones for all applications for speech and music. It does not
to measurement microphones, but it does apply to each audio channel” of microphones
g more than one channel, for example for stereo or similar use. ltjs also applicable to
tmounted microphones and to the analogue characteristics of i/microphones with digital
output.

For Ie purposes of this International Standard, a microphofe-includes all such devicgs as

ormers, pre-amplifiers, or other elements that form an ‘integral part of the micropfone,
the output terminals specified by the manufacturer,

major characteristics of a microphone are coénsidered in Clauses 6 to 21. Addifional

The characteristics specified in this document™do not-completely describe the subjective response [of the
hone. Further work is necessary to find new definitions and measurement procedures for a laterreplacpment
oduction of objective characteristics—of for.at least some of the subjective descriptions used to delscribe
hone performance.

following documents are’/referred to in the text in such a way that some or all of|their
nt constitutes requirements of this document. For dated references, only the edition
applies. For undated references, the latest edition of the referenced document (incléiding
mendments) applies.

R 35:20164~ Electromagnetic compatibility of multimedia equipment — Immunity
rements

IEC 20268—1 11985, Sound system equipment — Part 1: General

ADAQ 4. 400 IAMMMDA 4000

IEC OUZOO=T. TIOI/ANIDU 1. 1TIOO0

IEC 60268-1:1985/AMD2:1988

IEC 60268-2:1987, Sound system equipment — Part 2: Explanation of general terms and
calculation methods
IEC 60268-2:1987/AMD1:1991

IEC 60268-3:2013, Sound system equipment — Part 3: Amplifiers

IEC 60268-5:2003, Sound system equipment — Part 5: Loudspeakers
IEC 60268-5:2003/AMD1:2007

IEC 60268-11:1987, Sound system equipment — Part 11: Application of connectors for the
interconnection of sound system components
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IEC 60268-11:1987/AMD1:1989
IEC 60268-11:1987/AMD2:1991

IEC 60268-12:1987, Sound system equipment — Part 12: Application of connectors for
broadcast and similar use

IEC 60268-12:1987/AMD1:1991

IEC 60268-12:1987/AMD2:1994

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) - Part 4-2: Testing and
measurement techniques — Electrostatic discharge immunity test

IEC $1000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing | and
meagurement techniques — Radiated, radio-frequency, electromagnetic field immuwity| test
IEC $1000-4-3:2006/AMD1:2007
IEC $1000-4-3:2006/AMD2:2010

IEC $1000-4-4:2012, Electromagnetic compatibility (EMC) - Part 4-4: Testing | and
meagurement techniques — Electrical fast transient/burst immunity test

IEC 61000-4-6:2008 2013, Electromagnetic compatibility (EMGC)~= Part 4-6: Testing| and
meagurement techniques — Immunity to conducted disturbances, induced by radio-freqyency
fields

IEC $1000-4-8:2009, Electromagnetic compatibility {(EMC) — Part 4-8: Testing | and
meagurement techniques — Power frequency magnetit. field immunity test

IEC $1000-4-16:2015, Electromagnetic compatibility (EMC) - Part 4-16: Testing | and
meagurement techniques — Test for immunity,to conducted, common mode disturbancges in
the ffequency range 0 Hz to 150 kHz

IEC $1000-4-17:1999, Electromagnetic” compatibility (EMC) - Part 4-17: Testing| and
meagurement techniques — Ripple an, d.c. input power port immunity test
610000-4-17:1999/AMD1:2001
61000-4-17:1999/AMD2:2008

IEC $61260-1:2014, Electroacoustics — Octave-band and fractional-octave-band filtdrs -
Part [1: Specifications

IEC $1938:2013,.\Multimedia systems — Guide to the recommended characteristigs of
analggue interfaces to achieve interoperability

ITU-T Recammendation P.51:1996, Artificial mouth

EN 55103-2:2009, Electromagnetic compatlibility — Product family standard for audio, video,
audio-visual and entertainment lighting control apparatus for professional use — Part 2:
Immunity

EN 300 422-2 V1.3.1:2011, Electromagnetic compatibility and radio spectrum matters (ERM)
— Wireless microphones in the 25 MHz to 3 GHz frequency range — Part 2: Harmonized EN
covering the essential requirements of article 3.2 of the R&TTE Directive

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60268-1 and the
following 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 |ISO Online browsing platform: available at http://www.iso.org/obp

3.1
far-fi

eld microphone

microphone for use mainly at a distance of 1 m or more-thar—+m from the source of sound

Note 1 to entry:

The term "far-field microphone" describes a microphone application (see 6.4) and not a type of

micro
metho

3.2
near
micrd

Note
micro
metho

3.3

hone. A speciiic microphone may have one or more applications, but the term Is helpiul In Speciiyl
d of measurement.

tfield microphone
phone for use by an individual performer at a distance of approximately-30 cm

hone. A specific microphone may have one or more applications, but the texw§S helpful in specifyi
d of measurement.

close¢-talking microphone

micrd

Note
of mid
metho

phone for use at a distance of approximately 25 mm ffom the source of sound

to entry: The term "close-talking microphone" describes @ microphone application (see 6.4) and not
Fophone. A specific microphone may have one or more appliCations, but the term is helpful in specifyi
d of measurement.

5eneral conditions

General
ial reference is made to IEC 60268-1, concerning:

nits and system of measurement;

equencies of measurement;

Llantities to be specified and their accuracy (see also 5.7);

arking (see also)7.1);

mbient conditions;

ters, networks and measuring instruments for noise specification and measurement;

dividual specifications and type specifications;

to entry: The term "near-field microphone" describes a microphone application({sée 6.4) and not a t

hg the

pe of
hg the

b type
hg the

4 (
4.1

Spec
e u
o fn
e q
e m
e a
o fi
e ir
e dg

'nphir\nl prnennfnfinn of hhgraﬁfnriefipc;

e scales for graphical presentation;

e personal safety and prevention of spread of fire;

e method of producing a uniform alternating magnetic field;

e search coils for measuring the magnetic field strength,

and t

4.2
4.2.1

o IEC 61938 concerning powering of microphones.

Measurement conditions

General

For convenience in specifying how microphones shall be set up for measurement, three sets

of co

nditions have been defined in this document, under the title of "rated conditions".
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Microphones should be measured in conditions approximating those in which they are
intended to be used. Three sets of measurement conditions are specified in this document:
free-field, near-field and close-talking. The differences between these sets of conditions are in
the distance to the sound source and the sound pressure level of the measurement.
Measurements shall be reported using at least one of these sets of conditions. Additional data
may be included, provided that the measurement conditions are specified.

Three ratings are basic to the formulation of these concepts:

rated power supply (see 9.1);

rated impedance (see 10.2);

—

ated sensitivity (see 11.3).

To olptain the correct conditions for measurement, the above-mentioned ratings shall be faken

from [the specifications supplied by the manufacturer of the equipment.

The ferm "rated" applied to other characteristics relates to the specificatioh” or measuregment
of the particular characteristic under rated conditions or under conditions unambigupusly

conngcted to them. This applies, for example, to the following two characteristics:

rated output voltage;

rated equivalent sound pressure level due to inherent noisé«

Methods of measurement are given in this document for electrical impedance, sensifivity,
directional pattern, dynamic range and external influences. Where alternative method$ are

given, the chosen method shall be specified.

4.2.2 Rated conditions

The |microphone is understood to be warking under rated conditions when the follqwing

condjtions are fulfilled:

the microphone is connected to.the resistive load specified in 5.4, or as specified by the
manufacturer;

iffthe microphone needs@ power supply, this is the rated power supply;

the microphone (except a close-talking or near-field microphone) is placed in a sound field
meeting the free-field conditions in 5.5.2, the waves having zero-degree incidence| with
respect to the reference direction;

f

the undisturbed sound pressure (in the absence of the microphone) in the sound figld at
the reférence point of the microphone is sinusoidal and set at a level of 1 Pa (94 dB SPL);

r-field micrgphones shall be measured in free-field conditions;

[aV}

fqr.'close- talklng mlcrophones the mlcrophone is placed at a stated distance, no more
tl’ all LvJ LI IIUIII LIIC Gll.lflblal IIIUULII UUIII}JIyIIIy vvu.h :TU T RU\JUIIIIIIUIIUGLIUII LI \JI, darl the

undisturbed sound pressure in the sound field at the reference point of microphone is
sinusoidal and set at a level of 3 Pa (104 dB SPL);

for near-field microphones, the microphone is placed at 30 cm from the artificial mouth
complying with ITU-T Recommendation P.51, and the undisturbed sound pressure in the
sound field at the reference point of microphone is sinusoidal and set at a level of 1 Pa
(94 dB SPL);

if a special microphone needs a different measurement level or procedure (e.g. Lavalier or
boundary layer microphones), it shall be stated in the technical data together with the
reason for this. Levels related to the normal reference level of 94 dB by multiples of 10 dB
are preferred;

controls, if any, are set to the position recommended by the manufacturer;
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e in the absence of a clear reason to the contrary, the measurement frequency is 1 000 Hz
(see IEC 60268-1);

e the ambient pressure, relative humidity and ambient temperature are within the limits
given in IEC 60268-1, and shall be stated.

Measurements may be made at a sound pressure of 0,3 Pa if this is necessary due to
limitations of the performance of the loudspeaker or other measurement equipment, and only
if any change in performance between the level used and the reference level is known with
the necessary accuracy for the relevant characteristics.

5 Particutarconditions

5.1 | Pre-conditioning

A mitrophone with preamplifier shall be switched on for the period of time gpecified by the
manufacturer, before measurements are made, to allow the components to reachl the
statignary temperature for rated conditions. If the manufacturer specifies no period, a pgriod
of 1J s shall be allowed for stabilization. If the microphone contains g-vacuum tube or pther
heating device the time shall be 10 min.

5.2 | Sound source

The [sound source shall be capable of producing at thé. microphone position the spound
pressure level as defined for rated conditions. The @amplitude non-linearity of the spund
sour¢e shall be held to such a value that the effectyon the measured response doe$ not
excepd 0,5 dB. If the conditions of measuremént preclude the possibility of securing
suffigiently low distortion, a narrow-band filtersmay be used at the microphone output
terminals, which allows the response at the fundamental frequency to be measured.

For free-field calibration and calibration of near-field microphones, the sound source shall be
contdined in an enclosure which radiates;sound from one well-defined opening-enty,—andisuch
an—opening—shal-—be fulfilling the sound field requirements, preferably by only one being
radially symmetrical with respect to'the axis of the reference direction of the microphone.

5.3 | Measurement of sound-pressure

A calibrated reference pressure microphone shall be used to measure the sound presfure.
The teference microphone shall be calibrated with an accuracy of +1 dB at 1 kHz or bettef.

5.4 | Voltage measuring system

The poltage\generated by the microphone, when in a sound field, shall be determingd by
using a voltmeter with an input resistance-oef negligible to the specified microphone load.| This
load |is\five times the rated impedance of the microphone, unless otherwise stated by the

manutfactarer—fexternal cqu;plllcllt, stehas—=a Powet oupply, app“co an ;IIIPUCIIGIIL;U Y P rallel

with the microphone, its impedance shall be taken into account.

NOTE Microphones having a rated impedance of 200 Q often have an actual internal impedance in the order of
50 Q, and many of them perform best with a minimum load impedance around 1 000 Q.

5.5 Acoustical environment
5.5.1 General
The microphone can be measured in different acoustical environments:

a) in a free field or similar with negligible boundary effects, e.g. by using special computer-
generated sound source signals:

— spherical waves, or
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— plane waves, or
— waves produced by a specific sound source (artificial mouth or artificial head);

b) in a diffuse field;
c) coupled to a sound source by means of a small cavity (coupler).

5.5.2 Free-field conditions

5.5.2.1 General

A free-field sound wave is normally divergent in character. In certain circumstances it can

apprnvimal’n an ideal plonn wave—Free-fisld-conditions-can-be-obtained-

r open air, ambient noise and wind permitting, or

r an anechoic room, or

rl a duct.

A sound source of small dimensions with respect to the wavelength produces a sphgrical

wavg in these environments. The spherical wave can be approximatédyto a plane wave

in a

region of measurement located at a sufficient distance from the soutce. Spherical waveg can
be uged to measure pressure microphones but it is necessary to)yuse almost perfect plane

waves in the low-frequency range for the measurement of pressure gradient microphones).

For microphones responding both to pressure and to pressure gradient, having a suffic

ently

flat flequency response in a plane-wave free sound field (i.e. at a sufficient distance from the

sourge), the response as a function of frequency f-of/distance » from a centre of sph{
diverging waves and of angle of incidence 6 of the waves at the microphone, can be giv
a complex form:

wherg
1 — B is the contribution of the.pressure component;

B

At low ftequencies, it becomes difficult to realize plane wave conditions in an anechoic n
A plane”wave at low fr nci low th t-off fr n f th nechoic room

is|the contribution of the pressure gradient component;
= Pn/A or 2nflvc (A ~Wwavelength, ¢ — speed of sound);
= P for the omnidiréctional pressure type;

=D,5 for the-cardioid type;

= for the.bidirectional pressure gradient type.

(1—B)+B(1+%)cos¢9

Jkr

prical
en in

oom.

therefore be better produced under other conditions.

can

Free-field conditions are considered to be sufficiently realized in the region around the
microphone if the following conditions are met:

within a distance of 200 mm in front, behind, right, left, above and below the position of
the microphone the sound pressure level is measured at every measuring frequency by

means of a pressure transducer;

the axis of the transducer shall point towards the reference point of the loudspeaker
IEC 60268-5);

(see

the corresponding sound pressure levels on axis positioned at different distances from the

loudspeaker shall not differ by more than 0,5 dB from the calculated levels in the
sound field;

ideal
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e the values at a nearly constant distance to the sound source, right, left, above and below
the microphone shall not differ by more than 1 dB from the level at the reference point of
the microphone.

5.5.2.2 Spherical waves

The sound pressure generated in a free field by an omnidirectional sound source varies
inversely with the distance from the acoustic centre of the sources.

The output voltage of the microphone varies inversely with the distance between the source
and the microphone when the relevant dimensions of both are small compared with the
wavegtength—atowing—theresultsfromthemeasurements made—at—=—certain—distance—74o be
converted by calculation to results which would be obtained at the reference distance.

When either the circumference of the radiating surface of the source or the circdmferenge of
the principal acoustic entry of the microphone exceeds the wavelength, this* computation
applies only when the measuring distance conforms to:

r>d

r>d?I2

wherg

r

d
A

4 the distance from the source to the measuring point;
q the effective diameter of the sound source;

4 the sound wavelength.

It is advisable for the distance from the source to the measuring point to exceed three {imes
the Igrgest dimension of the radiating surface of the source.

5.5.2.3 Plane progressive waves

A pITe progressive wave can-beobtained either in a duct or in a free field.
I

a) a duct

n designing a dugt capable of producing useful results, there are many problems {o be
splved such as the-design of the terminating impedance, the avoidance of cross-modes,
He shape of «the” original wavefront and the relative dimensions of the duct and the
icrophone:

q:—r

b) In a free field

Al spherical wave at a distance of at least half the wavelength from the centre of curvature
af «the lowest frequency of measurement is a practical approximation to a plane
progressive wave.

For measurement of "shotgun" types and pressure zone microphones, determining the
smallest permitted distance is complicated and no exact rules can be given. Therefore, in
these cases the measuring distance used shall be stated.

5.5.2.4 Use of an artificial mouth

In order that the conditions of test are similar to those of actual use, it-may can be necessary
to introduce-an-obstacle-inthe-shape-of a-human-head extensions of the measurement setup,
such as a head and torso simulator when measuring close-talking and near-field microphones
by means of an artificial mouth (see 4.2.2). If measurements are made in such conditions, i.e.
in other than with the artificial mouth in approximately anechoic conditions, details of the
measurement shall be provided.
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5.5.3 Diffuse field conditions

Some measurements can be made in a diffuse field in which sound waves are propagated
with random incidence. In this case, bands of noise of third-octave width or broadband signals
together with suitable filtering shall be used.

A diffuse sound field can be approximately realized in a reverberant room characterized by a
sufficiently long duration of reverberation at a sufficiently large distance from the source and
the walls, and above a limiting frequency (see also ISO 354).

The reverberation time T of the empty room is specified in Table 1.

Table 1 — Reverberation time of the empty room

T> 5s 5s 5s 45s 3,5s 2s
At 125 Hz 250 Hz 500 Hz 1 000 Hz 2 000 Hz 4 000 Hz

For the determination of the lower frequency limit, the following equation can be used:

e

wherg
V
7
The tegion of measurement shall be chosenat such a distance from the source that the direct
sounf of the source is negligible.

g the volume of the room, in cubic metres;

g the frequency, in hertz.

When an omnidirectional source isUsed, the minimum distance » (in metres) from the squrce
to the measuring points is given by:

r>0,06(VIT)12

wherp

14
T

g the volume of the room, in cubic metres;

q the Sabine reverberation time at the frequency f.

NOTE| Multiple uncorrelated noise sources are used successfully to generate stationary diffuse sound fields{under
non-rgverbéerant conditions.

554 Microphone coupled to a sound source by means of a small cavity coupler

To determine the pressure sensitivity of a microphone, a rigid cavity is used to couple the
sound source to the microphone. This method is useful for obtaining the pressure sensitivity
of a microphone by comparison with the sensitivity of a calibrated reference microphone. In
order to obtain a sufficiently uniform sound pressure inside the cavity, this method shall only
be used within the limits of the frequency range where the linear dimensions of the cavity are
less than one-tenth of the wavelength. At low frequencies care shall be taken to eliminate air
leakage.
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Methods of measuring frequency response

5.6.1 Point-by-point and continuous sweep frequency methods

Response curves may be prepared point-by-point, or through the use of a slow continuous
sweep frequency method, or automatically.

a)

b)

5.6.2 Calibration methods

Point-by-point method

Great care shall be taken to ensure that all significant peaks and troughs of the frequency
response curve are explored. The graph should clearly indicate the measurement points.

Continuous sweep frequency method

Tl‘.e rate of traversing the frequency range shall be slow enough to ensure thai the
rgsulting curve does not deviate from that which would be obtained under steady [state
cpnditions. Stopping the trace at any instant shall not change the indicated-responge by
nmore than +1 dB.
T

he following additional apparatus may be used:

—| equipment capable of automatically maintaining the requisite (saund pressure |level
over the frequency range concerned;

—| an automatic level recorder as output indicator.
Special computer-based signals and procedures

Computer algorithms are available to generate signalscand to evaluate responses ip the
time domain, as well as in the frequency domain. Somé)of them are just digital procedures
that replace their analogue ancestors, such as the{ Fast Fourier Transform for spﬁEctral

ahalysis. Other algorithms provide new types of/est signals and responses. Most of them
afe applicable if the user takes into account their'inherent limitations and requirements. In
cases where existing specified procedures arerreplaced by new ones for the evaluatipn of
the same characteristic, the user shall ensgre that the result is at least as accurate ag with
the old procedure. While new techniques are considered for standardization when pasic
nmatters of background and their relationship to known properties have been determfined,
ahy technique may be used for freguency response measurement if it produces the game
sult as the point-by-point or continuous sweep frequency methods.

-
D

Irrespective of the choice of‘the point-by-point or automatic method, there are two methods of

condpcting the calibratioh.

a)

b)

Substitution method

Al method of measurement of the response of a microphone in which the microphone fo be
calibrated-and the standard microphone employed to measure the requisite sound
pfessureare placed alternately at the same test points in the sound field. This me¢thod
Idadsctorthe highest accuracy.

Simultaneous comparison method

For reasons of convenience an alternative method for measuring the response of a
microphone is sometimes employed in which the microphone to be calibrated and the
standard microphone employed to measure the requisite sound pressure are placed
simultaneously at two different points normally not widely separated. Care shall be taken
that one microphone is not placed at a more favourable point in the sound field than the
other. The points chosen shall be such that the results of a response test carried out by
the comparison method agree within £1 dB with the corresponding results obtained by the
substitution method. The simultaneous method may be used only after checking that this
requirement is met. Compliance with this requirement can be assumed when

— the sound pressures, measured at the two different points in the free sound field by
means of a calibrated microphone, corresponds within £1 dB, and
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— the distance between the microphones is such that the sound pressure at each of the
two microphone points is independent within £1 dB of the presence of the second
microphone at the other point.

5.7 Overall accuracy

An overall accuracy of +2 dB or better shall be obtained for the measurement of all types of
microphones.

5.8 Graphical presentation of results

6 Type description (acoustical behaviour)

6.1 | Principle of the transducer

The |manufacturer shall specify the principle of the transducer, forCexample electrogtatic
(condenser), electrodynamic, electromagnetic or piezoelectric.

6.2 | Type of microphone

The [manufacturer shall specify the type of microphone,)for example pressure, prespgure-
gradijent (with acoustical phase shift network, if any), or combination of a pressurel and
pressure-gradient microphone, or velocity microphone:

6.3 | Type of directional response characteristics

The [manufacturer shall specify the typevof directional response characteristics of the
micrgphone, for example omnidirectionaly*unidirectional, bidirectional (e.g. sphere, cardioid,
supefcardioid, hypercardioid, hemisphere or half-cardioid of revolution,—ete-).

6.4 | Application-profile

The [manufacturer shall specify the intended application—profile or applications of the
micrgphone to indicate the.primary use for which it is intended, such as—free-field fardfield,
near{field or close-talking:

o Free-field Far-fleld microphones are intended to be used and are measurgd in
approximately.plane progressive wave conditions.

o Near-field_microphones are typically hand-held by the user and are measured usirlg an
aftificiakmouth as the sound source, at a distance of 30 cm.

e (lose+talking microphones are used at very short distances and are measured usirng an
artifictat mouthas the sound source, at a distance of 25 mm.

Other applications—prefiles (e.g. for boundary layer or body-contact/Lavalier microphones)
may be used if details are provided for measurement and-as—a—basis—fer specifications—if

e

7 Terminals and controls

7.1  Marking

Recommendations for marking the terminals and controls are given in IEC 60268-1:1985,
Clause 5, and IEC 61938:2013, 9.4.6 and 9.5.5, with the addition of the following requirement,
if the microphone conforms to the requirements of IEC 61938, Clause 9.
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The polarity shall be indicated by a mark, preferably a coloured dot or a connector pin number
designated in the instruction manual, at that output terminal at which a positive instantaneous
voltage is produced by an inward movement of the diaphragm or equivalent, that is an
increase in sound pressure at the principal entry. Marking for safety shall be in accordance
with IEC 60065 or other appropriate safety standard.

Marking of the polarity is recommended if the microphone conforms to the requirements of
IEC 61938. If the polarity is not in accordance with IEC 61938, the polarity shall be marked on

the

7.2

microphone.

Connectors and electrical interface values

Conrlectors and their wiring shall be in accordance with IEC 60268-11 or IEC 6026
Interface values (voltages and impedances) shall be in accordance with IEC 61938¢

B-12.

8 Reference point and axis
8.1 | Reference point
In the absence of clear reason to the contrary, the reference poigt shall be the centre qf the

princjpal sound entry. Otherwise it shall be stated.

In orger to allow unambiguous specification of the reference point, reference axis and polarity,
the manufacturer—should shall designate a principal <sound entry even for a bidirectional

micrgphone.

8.2 | Reference axis

The feference axis is a line passing through-the reference point indicating a recommended
direction of sound incidence specified by the manufacturer. The microphone shall be so

designed that the recommended direction of sound incidence is obvious to the user.

The

entryl of the microphone and should pass through the centre of the entry.

9

9.1

Rated power supply

Characteristics to be specified

reference axis should preferably be perpendicular to the plane of the principal acqustic

The [following-information shall be specified by the manufacturer for each microphone
interface port-to be connected to the power supply and for each position of the power s
adaptor, (f any:

9.2

th

Lpply

power supply voltage and its upper and lower limits;
current drawn from the power supply, expressed in amperes;

for multi-voltage microphones, the voltage-current characteristic.

Method of measurement

For measurements, proceed as follows.

a)
b)

The microphone is operated under rated conditions.

The current drawn from the power supply is measured in amperes.
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10 Electrical impedance

10.1 Internal impedance
10.1.1 Characteristic to be specified

The modulus of the internal impedance of the microphone measured between the output
terminals.

If the impedance can be satisfactorily represented by that of a simple network, the values of
the network components may be given. If this is not applicable, the impedance should be
specified as a function of frequency.

10.1)2 Methods of measurement

The |nternal impedance may be measured by the comparison method or by applying a spound
presgure and measuring the output voltage under different load conditions.-Both methodps are
indicpted below.

a) Method 1

The impedance can be measured by means of a measuring_bridge. An alternative mg¢thod
that of comparison with a known impedance. In the latter.case, a constant current|{from
high-impedance source is passed through the microphene and the voltage acrogs its
rminals is measured.

=

~ QO

he microphone is then replaced by a known resistance, and the procedure repepted.
omparison of the two values gives the modulus{ofthe impedance directly.

he voltage applied at the microphone terminals shall not exceed the output voltage
bnerated by the microphone at the overload'sound pressure level.

DTE While the internal impedance of microphones is often assumed to be resistive, and the load impeldance
be resistive, in many cases the internal impedance is complex, such as when there is an output cdupling
pacitor, and the input impedance is alsd«cOmplex, such as when there is a transformer. The combination of
lese impedances can result in resonance-within the audio band and exacerbation of negative effects slich as
nd noise.

ethod 2

he internal impedance(cah also be computed from the output voltages occurring under
ree different conditions of load. Generally speaking, this procedure requires |very
Ccurate measuringtapparatus.

b)

O =4 = £5935Z Q4 O

If thg internal impedance is approximately a pure resistance, the following simple procedure
may pe used to-obtain approximate results, which are sufficiently accurate for normal prdctice:

o the microphone is operated under rated conditions;

e spund-pressure is applied to the microphone and the impedance is deduced from the
obtput voltage obtained for different loads. For example, the impedance Z maly be
calculated from the no-load output voltage U’s and the output U, obtained when a load
impedance R, is applied by using the formula:

Uy -U
Z=#R2
Us

10.2 Rated impedance

The rated impedance shall be specified by the manufacturer. Microphones are generally
designed to be connected to a load impedance much higher than the rated impedance (see
5.4 of this document and 9.1 of IEC 61938:2013), and should not be used with loads below
the minimum permitted load impedance.
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NOTE The recommendations of IEC 61938 are based on the assumption that a value of 5 times the rated
impedance is suitable in most cases. This load causes the output voltage level to be 1,6 dB below the no-load
voltage.

10.3 Rated minimum permitted load impedance

The rated minimum permitted load impedance is the minimum impedance, specified by the
manufacturer, by which the microphone may be terminated.

NOTE The minimum permitted load impedance is a compromise leading to negligible effect on performance.

11 Sensitivity

11.1| General

The sensitivity is the ratio of the output voltage of the microphone to the sound-pressuyre to
which it is exposed.

The pensitivity M is expressed in volts per pascal. If the microphoneglis not loaded with a
resisfance equal to five times the rated impedance, this shall be stated‘with the results.

NOTE| 1 Normally the ratio gives a complex value, but usually only the amplitides (with sinusoidal sign{
considered.

) are

NOTE|2 For practical reasons, values for sensitivity are typically expressed in mV/Pa.

The |sensitivity level L,, is the ratio, expressed in ‘decibels, of the sensitivity M t¢ the
reference sensitivity M,.

M
Ly 52019

r

The feference sensitivity is M, = 1 V/Pa. The following types of sensitivity may be specifigd:

— free-field sensitivity (see 11.2:1) referring to the sound pressure of the undisturbed free
field (in the absence of thexmicrophone);

— djffuse-field sensitivity (see 11.2.2) referring to the sound pressure of the undistyrbed
ffuse field;

d
close-talking sensitivity and near-field sensitivity (see 11.2.3) referring to the sjound
pfressure of thewundisturbed field at a specified short distance from the human or artfficial
mouth;

pressurevsensitivity (see 11.2.4) referring to the actual sound pressure at the prircipal
apoustic entrance of the microphone.

Thee fuunac A f coanct Hiafv ooy, ha ~nvg o anneaneiots Aty ot o anifinA franii AT~ ) Ithln
o CyPCoOr—SCrrortrvity oy ot HIVUII PP TopPTTatt; SHRer—at SPC T CC—TTCqutCtICo;

a specified frequency band, for octave/third-octave bands, or for complex signal inputs. In the
latter case, the characterlst|cs of the signal and the measuring system shall be specified.
Definition and figures for the sensitivity of microphones should be related to the purpose for
which the microphones are used.

11.2 Sensitivities with respect to acoustical environment

11.2.1 Free-field sensitivity

11.2.1.1 Characteristic to be specified

At a specific frequency or within a specified frequency band and for a specified direction of

sound incidence with respect to the reference axis, the ratio of the output voltage to the sound
pressure in the undisturbed free field.


https://iecnorm.com/api/?name=1de9361b48834bb218bfb4bf7ba758b1

IEC 60268-4:2018 RLV © |IEC 2018 -21-

Unless otherwise specified, the undisturbed free field—should shall be a plane progressive
wave with the wavefront perpendicular to the reference axis of the microphone.

11.2.1.2 Method of measurement

The conditions for measurement are specified in Clauses 4 and 5. A free-field calibration of

the

standard microphone employed to measure the sound pressure is required. It is important

to ensure that the orientation of the standard microphone agrees with the orientation used
during its calibration.

For omnidirectional microphones (pressure type only), the free-field sensitivity in a plane-
wavdg and that in a spherical wave do not differ from each other, and are equal to the pregsure
sensltivity, provided that diffraction effects in the field can be neglected. This is.the |case
wher] the lateral dimensions of the microphone are small compared to the wavelength. At low
frequencies, therefore, a spherical wave is sufficient to measure the plane-wavg-sensitivjty of

an

gmnidirectional microphone (pressure type only). At very low frequencies, freeffield

sensftivity and pressure sensitivity can be different owing to the effect, of a presgsure
equalization vent. For the higher frequency range, the microphone should,be measured in the
relevant sound field. If a cone loudspeaker with a diameter not larger thah 0,3 m is used|as a
sounfd source, a suitable minimum distance for the free-field calibration of omnidirec{ional

micrgphones (pressure type only) in the audio frequency range is ¢~m.

11.2)2 Diffuse-field sensitivity

11.2)2.1 Characteristic to be specified

At a specified frequency or within a specified frequency band, the ratio of the output voltage
to the sound pressure in the undisturbed diffuse field. The diffuse-field sensitivity is equal to

the

RMS value of the free-field sensitivities“for all directions of sound incidence.| The

diffuge-field sensitivity level equals the free<field plane-wave sensitivity level (see 11.2.1)

minup the directivity index (see 13.2).

NOTE| The diffuse field is characterized by the fact that sound waves with random phase are randomly distrjbuted

over dll directions (random incidence).

Instepd of the diffuse-field sensitivity, the manufacturer may state the free-field plane-fvave
sensltivity and the front-to-random sensitivity index at the same frequency or within the game

frequency band.

11.22.2 Methods-of‘measurement

The diffuse-field 'sensitivity can be obtained in two different ways:

a)

b)

he diffuse-field sensitivity for a given frequency can be calculated from the freeffield
sensifivity (see 11.2.1) and the directional pattern (see 13.1) of the microphone in a plane
progfessive wave.

If the directional pattern has rotational symmetry the relationship between the diffuse-field
sensitivity and the sensitivities at other angles of incidence @ is:

i

M2 = %jMz(e)sinede

0

NOTE Modern computation algorithms allow easy calculation of the integral to any desired accuracy, thus
allowing the replacement of earlier proposals for calculation with fixed steps every 30°.

The diffuse-field sensitivity for a band of frequencies can be measured in a reverberant
room if the conditions laid down in Clauses 4 and 5 are fulfilled. An omnidirectional sound
source should preferably be used. A diffuse-field calibration of the standard microphone
employed to measure the sound pressure is required.
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11.2.3 Close-talking-or and near-field sensitivity
11.2.3.1 Characteristic to be specified

At a specified frequency or within a specified frequency band, the ratio of the output voltage
to the sound pressure in the undisturbed sound field produced by a special source. This
source shall simulate the human head and mouth (artificial mouth) and the reference point of
the microphone shall be placed at a stated distance from the reference point of the source,
the reference axis of the microphone being in a stated orientation with respect to the
reference axis of the source.

An artificial mouth is used as sound source (see 4.2.2). The distance between the-reference
point| of the source and the reference point of the microphone, unless otherwise-stated, [shall
be 2% mm for close-talking microphones and 30 cm for near-field microphones. "\ 'he refefence
axis pf the microphone shall be coincident with the reference axis of the sound source| If a
differlent distance and/or orientation is used, it shall be stated with the measuréeément.

The $tandard microphone employed to measure the sound pressuredshall be calibrated at the
samg distance used in the measurement. It is important that the-orientation of the standard
micrgphone shall be in accordance with the orientation used~at-the calibration laboratory.
Unless otherwise specified, the diameter of the mouth opening,shall be 20 mm.

11.2/4 Pressure sensitivity
11.2/4.1 Characteristic to be specified

At a |specified frequency or within a specified fféquency band, the ratio of the output voltage
to the actual sound pressure at the acoustic entry of the microphone. This definitipn is
relevant only to microphones with one sound entry.

The amplitude and phase of the sound ‘pressure-sheuld shall be kept constant over the spund
entryl

11.244.2 Method of measurement

The pressure sensitivity gan be measured in a small chamber (coupler, sound calibrator){ The
calibfator produces the sound pressure, for example, by means of an oscillating piston|. For
the ¢xact calculation o0f the sound pressure the equivalent volume of the microphone shall be
added to the coupler volume. The upper frequency limit with this calibration is determingd by
the dimensions)of the pressure chamber. The pressure sensitivity can be derived from the
micrgphone_output voltage with known sound pressure in the chamber.

Omn|difectional condenser microphones can be measured by exciting the diaphragm with an
electtastatic actuator designed for use with the microphone being measured. The grid af the
actuator carries a DC voltage on which is superimposed the audio-frequency test voltage.
Without the DC voltage, the microphone output signal is at twice the frequency of the test
voltage. The electrostatic actuator method may be used only when the results differ from
coupler or free-field conditions by less than +1 dB. This typically requires the use of a
correction curve.

11.3 Rated sensitivity

Rated sensitivity is the free-field, diffuse-field, close-talking, or pressure sensitivity assigned
by the manufacturer. The rated sensitivity corresponds to the response at the standard
reference frequency of 1 000 Hz. If the frequency response is not flat, it is recommended that
the rated sensitivity corresponds to the arithmetic average over a one-octave band of the
logarithmically plotted response, centred on the standard reference frequency of 1 000 Hz.
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Unless otherwise specified, the rated sensitivity is understood to refer to the microphone
under rated conditions. The manufacturer may specify the rated sensitivity for a specified load
impedance (see 5.4 and 11.1).

12 Response

12.1 Frequency response
12.1.1 Characteristic to be specified

For

outpuit voltage over a narrow band of frequencies) at a constant sound pressure angd stated
angle of incidence.

Unlegss otherwise stated, measurements shall be made in free-field cofditions, and the
frequency response refers to a plane progressive wave with the wavefront:perpendicular to
the reference axis of the microphone. It is strongly recommended that free-field responge be
giver] to allow evaluation of response to distant sound sources, even-if the intended use is
closgr than this would imply. If free-field conditions apply but the'‘sound field is not a plane
progiessive wave, sufficient further details shall be specified.

If thg microphone is intended for near-field or close-talking<applications-profites (see 6.4) the
closg-talking or near-field frequency response shall be specified. It shall refer to the game
sourg¢e and to the same geometrical configuration of source and microphone as those fqr the
specfification of close-talking or near-field sensitivity{(s€e 11.2.3).

Any pther frequency response characteristic ;specified in this document may also be diven,
such| as sound pressure response or diffuse-field response. Frequency responseg§ not
specffied in this document may also be given, for an acoustical environment specified in 5.5,
provided that no confusion is caused.

Tecl;rical specifications supplied by’'the manufacturer shall include frequency response|over
the gffective frequency range (#2:2) with the manufacturer’s guaranteed tolerance either{as a
numerical value or as graphics.superimposed on the response curve.

12.12 Method of measurement

The ¢onditions for_obtaining frequency response curves are specified in Clauses 4 and 5.

12.1)3 Graphical presentation of results

The [graphical presentation of measurement results—should shall be in accordance| with
IEC ?0268-1:1985, Clause 10.

12.2 Effective frequency range
12.2.1 Characteristic to be specified

The frequency range over which the response of the microphone does not deviate by more
than a specified amount from an 'ideal' response for the given purpose.

NOTE The response regarded as 'ideal' by the manufacturer might not be constant with respect to frequency.
From artistic considerations, this might even apply to microphones of the highest quality. For speech-only
microphones, the 'ideal' response can be chosen to achieve maximum intelligibility.

12.2.2 Method of measurement

For specified deviations relative to the specified required frequency response curve, the
effective frequency range is obtained from the curve referred to in 12.1.1.
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13 Directional characteristics

13.1 Directional pattern
13.1.1 Characteristic to be specified

Curve representing the free-field sensitivity level of the microphone as a function of the angle
of incidence of the sound wave, for a stated frequency or narrow band of frequencies.

The characteristic directional pattern for plane progressive waves shall be stated. Other
measurement conditions such as spherical sound waves may also be used in addition, when
suffijient details are specified. Directional curves shall be provided at a sufficient number of
frequencies or bands of frequencies in order to present adequately the frequency dependence
of the directional pattern. The bands of frequencies shall be the preferred octave~or third-
octaye bands of frequencies specified in IEC 61260-1.

NOTE| It is often useful to specify in addition the ratio, in decibels, of the response at certain/specified angles to
the repponse on axis.

13.1)2 Methods of measurement

The gonditions for measurement are specified in Clauses 4 and 5/ The microphone shall be
placgd in an essentially plane progressive wave (see 5.5/2)-/ Care shall be taken when
meaguring the directional characteristic of a highly directional microphone in an aneghoic
room. The inevitable reflections from the boundaries of the room can influence the resgults,
parti¢ularly when the output voltage of the microphone is measured for an angle of sound
incidence for which the sensitivity is low.

NOTE| In order to obtain correct results for microphones of'large dimensions it might be necessary to mgasure
these jin the open air (see 5.5.2).

The mmeasurement can be carried out in two different ways.

a) [irectional response pattern:
the microphone is operated“under rated conditions;

2)) the distance between the'reference point of the sound source and the reference |point
of the microphone is kept constant during the measurement;

3) the sound pressure.is kept constant during the measurement;
the frequency-iskept constant during the measurement;

the angle.@.of sound incidence, measured with respect to the microphone refefence
axis, is{varied continuously or step by step, including the angle zero; for the step-by-
step.method the angle of sound incidence is varied in steps—depending—of—the
guarahteed—accuracy—preferably—10>or15° with each step small enough that the

medasured level difference between any two steps is less than 3 dB;

6) foreach dﬂgle ote (;OFTB&[)UHUI”Q UUlpUl voudge U\U) [STIeasured or reburded,

7) the ratio I'(6) of the sensitivity of the microphone at the angle 6 to the sensitivity at the
angle zero is expressed as direct:

or G(6) in decibels:

G(@):Zolg#
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8) the measurement is repeated for a number of frequencies, preferred frequencies being
the octave centre-frequencies 125 Hz, 250 Hz, 500 Hz, 1 000 Hz, 2 000 Hz, 4 000 Hz,

8 000 Hz and 16 000 Hz;

9) if the microphone has no rotational symmetry, measurements of the directional
characteristic in different planes through the reference axis of the microphone can be

necessary,;

10)the results shall be presented as a family of polar response curves for the frequencies

given under item 8). The polar response curves shall be drawn in accordance

with

IEC 60268-1. The origin of the polar characteristic of the directional pattern shall be

the reference point of the microphone. Unless otherwise specified, the reference

rectional frequency characteristic:
the microphone is operated under rated conditions;

2)) the angle of sound incidence 6, measured with respect to the microphone refer
axis, is kept constant during the measurement;

3) the distance between the reference point of the sound source and.'the reference
of the microphone is kept constant during the measurement;

the sound pressure is kept constant during the measurement;

the output voltage U(68) of the microphone is measured (as a function of the frequ
for a number of discrete angles of sound incidence 6,«including the angle zero;

angles of incidence 0 with respect to the referencé axis;

7) from these curves, it is possible to derive the/ratio of the sensitivity of the microp
at the angle 6 to the sensitivity at the angle*zero for a specific frequency (polar
(see 13.1.2 a)).

13.1/3 Graphical presentation of results

The

jraphical presentation of measurement results-should shall conform to IEC 60268-1:

Clausge 10.

13.2| Directivity index

13.21 Characteristic to be specified

The

ratio, expressed..in decibels, of the output voltage produced by plane sound w

arriving in the direction of the reference axis, to the output voltage produced by diffuse
field [having thessame frequency or frequency band and RMS sound pressure. The freqy
or frgquencyband shall be stated.

13.22 » Method of measurement

axis

ence

point

ency

6) the results shall be presented as a family of frequefncy response curves for the various

hone
curve

1985,

aves
ound
ency

The directivity index D IS given by
D =20lg Mo
M gife
where
My is the free-field sensitivity specified in 11.2.1;

Myirs is the diffuse-field sensitivity specified in 11.2.2.
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14 Amplitude non-linearity

14.1 General

A general explanation of amplitude non-linearity can be found in IEC 60268-2. The
characteristics to be specified and the methods of measurement of various types of amplitude
non- Ilnearlty WhICh can be of |mportance for m|crophones can be found in 14 2 to 14 4.—n

memphene—ai—mede;a%e—see—nd—p#essme—teve#s— Nonlmearlty of the sound fleld should be

negligible. Measurement of highly linear microphones might require special provisions to
achieve low distortion at the necessary high sound pressure level. The distortion shall be

meagured under TiXxed conditions or bandwidin and level specirtied Tor diiterent applicationg.

14.2| Total harmonic distortion
14.2/1 Characteristic to be specified

The fatio, expressed as a percentage or in decibels, of the RMS sum of the harmonic voltage
components in the output voltage to the total RMS output voltage.

Harmonic distortion is one manifestation of amplitude non-lihearity. If the sound |field
distoftion cannot be kept small enough compared to the microphone non-linearity, pther
methpds characteristics, for example difference frequency distortion, (see 14.4) shall be ysed.

14.22 Method of measurement

The felevant conditions specified in Clauses 4 and 5<hall be established.

A selective voltmeter, such as a wave analyzer, preceded if necessary by a high-pass|filter
whic} suppresses the fundamental frequengy, is connected to the output of the microphone

undefr test. The measuring device shall indicate the true RMS value of the harmonic
remafinder.

The yoltage of each of the separate-harmonics U,ris measured.

The fotal voltage Ui, including the fundamental frequency, is measured by a wide band |RMS
metef connected to the microphone under test.

The fotal harmonic distortion can be determined by the equations

in pefcentage:

2 2 2
_\/U2f+U3f+"'+Unf ) "
= U FO00—%
t

in decibels:

d
Ly = ZOlg( 10t0j

where

d, is the total harmonic distortion;

U,r is the voltage of the nth harmonics;
U, is the total voltage;
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L, is the total harmonic distortion in decibels.

The non-linearity distortion of the sound field in which the microphone under test is placed

shall

14.3
14.3.

be much less than the distortion of the microphone itself (see 14.2.1).

Harmonic distortion of the nth order (n = 2, 3,...)

1 Characteristic to be specified

The harmonic distortion of the »nth order, expressed in terms of the total voltage.

14.3,

The
voltm

supp
test.

The

The

22— Method of measurement
relevant conditions specified in Clauses 4 and 5 shall be established. A)sélg
eter, such as a wave analyzer, preceded, if necessary, by a high-pass). filter

resses the fundamental frequency, is connected to the output of the micrephone U
The measuring device shall indicate the true RMS value of the harmonicyremainder.

oltage of the separate harmonics U,ris measured.

otal voltage, including the fundamental frequency, U; is measured by a wide band

metef connected to the microphone under test.

The harmonic distortion of the nth order can be determined by the equations

in pe

in de

The
shall

14.4
14.4,

fcentage:
U
d, =<2 2100 %
Ui
Cibels:
d
Ly, =201 a
dn 9(100J
hon-linearity distortion of the sound field in which the microphone under test is p

be much lessithan the distortion of the microphone itself (see 14.2.1).

Difference frequency distortion of second order

1 { Characteristic to be specified

ctive
vhich
nder

RMS

aced

The ratio of the signal of frequency f; = 80 Hz at the output of the microphone when placed in
a sound field consisting of two sinusoidal signals of frequencies /1 and f», such that /5 — /1 = 80 Hz,
selected with an appropriate selective filter, to the signal voltage at the input of the selective

filter

14.4.

(see IEC 60268-2:1987, 7.2).

2 Method of measurement

The measurements are made with two sound sources, one of which radiates the signal of
frequency f1, and the other of frequency f1 = fo — 80 Hz. The sound pressure levels produced
by each of the sound sources at the reference point of the microphone shall be the same.

The method of measurement shall follow the procedure described in IEC 60268-3:2013,
14.12.8. The result is given by
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rcentage

U
dfd = 2de X 100 %

ref

cibels

400

Lfd 220|g

with
wher

U 1

Ur2

The
test i

15 L

15.1

The
many
perfg

NOTE
series

15.2
15.2,

The
the
freq
meag
load

TUVU

Uref @s the geometric mean of Uy and Up,

a)
-

pressure from the first sound source;

as for Uy, but for the voltage of frequency f;

is the voltage at the output of the microphone of frequency s> — f1 = 80 Hz.
Histance between the reference points of the sound sodrces and the microphone U
5 chosen so as to produce the required sound pressuré levels at the microphone.

Limiting characteristics

Rated maximum permissible peak sound pressure
maximum instantaneous sound pressure of a plane sound wave, specified by

rmance characteristics, for any direction of sound incidence.

of tests and cannot be reliably measured in one sample (see IEC 60268-2).
Overload sound pressure

1 Characteristicjto be specified

ency range and for any direction of sound incidence. Overload sound pressure sh:L
ured-under rated conditions (see 4.2.2), and also for operation at the minimum per
mpedance.

is the voltage of frequency f1 at the output of the microphone produced by the sjound

nder

the

facturer, that the microphone can tolerate without a permanent change df its

This characteristic includes the word "rated" because it is specified by the manufacturer as a resuft of a

maximum sound pressure of a plane sound wave at which the amplitude non-linearjty of
icrophone~does not exceed a specified limit, for any frequency within the effgctive

Il be
itted

NOTE No common limits have yet been defined, however many data sheets refer to values of 0,5 % or 1 % for
difference frequency distortion (14.2.2).

15.2.

2 Method of measurement

The microphone is brought under rated conditions and the overload sound pressure is then
measured for different angles of sound incidence by increasing the sound pressure of a pure
sinusoidal sound until the distortion at the output of the microphone reaches a specified value.
The sound pressure shall be stated for the angle of incidence for which maximum distortion
occurs.

NOTE Non-linearities of the sound sources and of the air can limit the procedure. Difference frequency
measurements as specified in 14.4.2 at least minimize the influence of loudspeaker non-linearities.
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16 Balance

16.1 Balance of the microphone output

Symmetrical meter Balanced, centre-
tapped transformer

Microphone /

under test

@t @

50 Q Test signal

200 Q

aZ 1U'2

IEC

Figure 1 — Balance of the output

Figune 1 shows the measurement set-up shown in—acecerdance—with IEC 60268-2. Fyrther
reference is made to IEC 60268-3:2013, 14.15. All requirements for balance of sourcg and
metef are also valid for microphone measurements. The load resistor shall have a value of 2D0 Q.
The gource impedance of the test signal U’y shall be 50 Q. The balance of the measurement
devige itself shall be tested without the microphone by replacing it by a 200 Q resistor| The
"balance" b in decibels is calculated by

b=20IgU—,2 (see*Figure 1)
Uz

The gexternal sound level should be keptias low as possible in order not to influenc¢ the
resulfs.

16.2| Balance under working conditions

The procedure specified in{45-4 16.1 does not cover interference picked up via the output
cablg. With a modification of the setup in accordance with Figure 1, the corresponding voltage
Uy can be measured (see Figure 2).

Symmetrical meter

Microphone 1 5 m cable
under test screened
G
Er O |t
o[
o
e}

o

IEC

Figure 2 — Balance under working conditions

To get comparable conditions for different mechanical designs of microphones, the test shall
be made including 1,5 m of high-quality cable and with an output load of 1 kQ.

NOTE A separate measurement of the cable verifies that its contribution to the result is negligible.


https://iecnorm.com/api/?name=1de9361b48834bb218bfb4bf7ba758b1

- 30— IEC 60268-4:2018 RLV © IEC 2018

For the measurement, the cable screen is disconnected at the microphone output and the test
voltage inserted. The ratio of the resulting voltage at the balanced meter to the interfering
source is calculated in accordance with 16.1.

17 Equivalent sound pressure level due to inherent noise

17.1 Characteristic to be specified

The external sound pressure level that would give the same weighted output voltage as is
observed when there is no external field, and the output voltage is only due to the inherent
[ y—€ SOHREE e—evehshall

It shall be specified which value (maximum, average, typical) is given in the specification| The
maximum value is preferred.

NOTE| Unless otherwise stated, it is understood that reference is made to free-field conditions and zero ar|gle of
incidehce of sound.

17.2| Method of measurement
For measurements, proceed as follows.

a) When measuring the inherent electric noise, the miefophone shall be isolated adainst
spund, wind, shock, vibration and electric or mdgnetic external fields. However} the
nmicrophone shall be in acoustical operating mode{(see Note 2).

NDPTE 1 An example for an efficient sound insulation device is given in Annex B.
NPTE 2 It has often been the practice to meaSure the noise level only of the electronics, usihg an

“dquivalent” circuit to replace the transducer elenient. This does not accurately measure the noise level|of the
mplete microphone, due to noise contributed by the transducer element itself.

(]

DTE 3 Using a modern 40 dB to 60 dBvamplifier for this measurement gives enough headroom thfat the
crophone noise is dominant and there<is no need to correct the measurement for amplifier noise.

N

m
b) The weighted output voltage.jof the microphone due to inherent noise is measured, lsing

the weighted measurements specified in IEC 60268-1:1985. Psophometric, quasi{peak
easurements in accordance with IEC 60268-1:1985, 6.2.2, shall be included. |It is
sfrongly recommended -that A-weighted RMS noise measurements in accordance| with
IEC 60268-1:1985,~6.2.1, and one-third octave unweighted RMS noise measurements in
accordance with"1E€ 60268-1:1985, 6.2.3, are also included.

c) ith the mierophone replaced by a resistor at room temperature, equal in value tp the
rated impedance of the microphone, the measured output voltage shall be less than one
third of the/value measured in step b), so that the wanted result is increased by less|than
10 %by.the internal noise of the measuring equipment and any residual external sound.

d) Thelequivalent sound pressure due to inherent noise is the ratio of the output voltage to
the rated free-Tield sensitivity.

e) The equivalent sound pressure level is the ratio, expressed in decibels, of the equivalent
sound pressure to the reference sound pressure (20 pPa).

18 Ambient conditions

18.1 General

The following characteristics shall be specified independently of each other. In cases where
interdependencies exist, conditions and effects shall be specified by the manufacturer.
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18.2 Pressure range

The ambient pressure range over which the characteristics of the microphone do not vary by
more than +2 dB. If the manufacturer claims that the microphone is suitable for applications in
which a high rate of change of ambient pressure occurs (such as an air-borne sound system)
then the maximum tolerable rate of change of the ambient pressure shall also be stated.

18.3 Temperature range

The temperature range over which the characteristics of the microphone do not vary by more
than +2 dB.

18.4| Relative humidity range

The felative humidity range over which the characteristics of the microphone do-not vary by
more| than £2 dB.

19 External influences

19.1| General
19.1/1 Specification and methods of measurement

Micrgphones are subject to many forms of external interference, which it can be ofj vital
impoftance to exclude or limit in particular cases. As,hewever, external influences by reason
of ndn-linear effects can give rise to very complicated interference, no generally valid m¢thod
of mé¢asurement can be given to evaluate all of them. The special case of external influgnces
known as electromagnetic compatibility is coveréd in Clause 20. Specifications are subject to
discUssion between supplier and user and_can lead to possibly elaborate laboratory ahd/or
field fests.

The [methods of measurement given“below (see 19.2 to 19.4) deal only with external
influgnces from:

— mechanical vibrations;
— wind;
— the "pop" effect.

The |methods given_are neither exhaustive nor final, but are intended to provide useful
guidance.

19.1J2 Other external interferences

For glilexternal interferences other than those given in this document, specifications shall be
determHnmﬁtmﬁmﬁmmhemﬂH’ f -

19.2 Equivalent sound pressure due to mechanical vibration

19.2.1 Characteristic to be specified

For a mechanical vibration, specified by the RMS value of the acceleration, frequency and
direction, the equivalent sound pressure due to the vibration, in the absence of a sound field.
The equivalent sound pressure shall be stated for the direction of the vibration for which
maximum influence occurs. The directions for both maximum and minimum influence shall be
stated.

The equivalent sound pressure may be stated for vibrations at specified frequencies, or within
a specified frequency band having the reference frequency as the geometric mean frequency.
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If linear relations exist, the equivalent sound pressure may be specified as a transmission
factor, relating the equivalent sound pressure and the acceleration.

19.2.2 Method of measurement

For

a)
b)
c)
d)
e)

f)
g)

19.3| Equivalent sound pressure due to wind

19.31 Characteristic to be specified

For

direction of the wind for which maximum jnfluence occurs. The directions for both max

and
sou

frequency range of the microphone~and for additional wind velocities besides the refer
valug of 10 m/s.

19.3)2 Method of measurement

All

at thle source or develops turbulence between source and microphone. After evalu
sevefal methods, the-wind tunnel method has proven to give the best matching to natural
condjtions. It is; however, still difficult to measure the nature of the generated wind a
descfibe it with*enough accuracy. Therefore, at present it is better to specify the generat
mechanical-characteristics.

in thE absence of a sound field. The equivalent sound pressure shall be stated fo

measurements, proceed as follows.

The microphone is connected under rated conditions—witheut-theapplicationofa—sound

field and in a surrounding with sufficiently low acoustic background signal.

A mechanical vibration of a specified RMS acceleration and of a specified frequency or a

specified frequency band is applied. The direction of the vibration shall be such

that

aximum output voltage is obtained.
he RMS output voltage U% and the RMS acceleration are measured.

he equivalent sound pressure is computed from U% and from the rated sénsitivity
acceleration and the direction of the vibration shall be specified.

A test is made to obtain the direction of vibration for minimum influencé."This directi
also specified.

Tlhe measurement is preferably made with a gliding frequency upo 250 Hz.

I a linear relation exists between the equivalent sound pressufe and the acceleration
tlansmission factor may be specified. In cases of strong dependency on frequency,
vhlues or the complete characteristic may be given.

g wind, specified by velocity and direction, the equivalent sound pressure due to the

inimum influence shall be stated. Besides the weighted wide-band level, the equiv
ngd pressure level may also be stated for octave or third-octave bands in the effg

easurements of wind noise are subject to large variations if the stream of air is turb

The

on is

, the
more

wind
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mum
alent
ctive
ence
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nd to
or by
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Figure 3 — Measurement set-up for wind influence

Two |different solutions have/been investigated, a short device with radial fan and aflong
devige with axial fan (see Figure 4). The first has been installed by several institutiong and
has proven to give reproducible results everywhere. Similar experience with the second iis not
yet Known. Compartaiive measurements between the first installation and other generators
showed that majordifferences have to be expected. Therefore, the published wind sensitivity
valugs shall also-state whether machine 1 or machine 2 has been used.

A blqck diagram of the measurement setup is shown in Figure 3. The microphone undef test
is plc ced at a distance of 25 cm from the outlet of the tunnel The tunnel is operated in a foom

voltage of the mlcrophone under wind condltlons is measured by the Awelghtmg fllter in
accordance with IEC 60268-1 and optionally as octave or third-octave band value.
Microphones with detachable windscreens shall be measured with and without the windscreen.

The two different machines to generate the air flow are shown in Figure 4. The tunnel inner
surface is constructed to provide a homogeneous air flow. The dimensions chosen are large
enough compared with those of the microphones to be tested. The higher velocity at the outlet
of machine 1 is achieved by the conical construction reducing the cross-section. To achieve a
laminar flow, the inside of machine 2 is covered with glass wool of 55 kg/m3 density and
2,5 cm thickness, or similar material. At the necessary speed, the fans produce negligible
acoustic noise. The measuring distance of 25 cm has been chosen to get an amount of
turbulence similar to the natural wind conditions.
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The nature of wind noise is such that pressure fluctuations, whose frequencies lie below the
effective frequency range (so that they are not directly indicated), can give rise to microphone
output signals large enough to overload the first stage of the amplifier. Care shall be taken to
avoid such overloading effects.
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Figure 4a —Wind generator with radial fan (front and side view)
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Figure 4b — Wind generator with axial fan

Figure 4 — Wind generators, type 1 (Figure 4a) and type 2 (Figure 4b)

The procedure is given in steps a) to c).

a) The microphone is connected under rated conditions to an amplifier in the absence of a
sound field.
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b) The microphone under test is submitted to a wind of specified velocity, the reference

being 10 m/s, and specified direction. The microphone is orientated with respect to the

wind direction so that maximum output is obtained.

c) The equivalent sound pressure level is computed from the output voltage of the

microphone (wide band, weighted or additional narrow bands) and from the free-field

sensitivity and is given in decibels with respect to the sound pressure level reference of
20 pPa. The direction of wind shall be specified and, in case of the wind speed differing

from the reference value of 10 m/s, this value shall also be stated.

19.4 Transient equivalent sound pressure due to "pop" effect
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19.4 [ Generatl

The procedure is meant to supply reproducible and comparable measurement resalts’fgr the

"pop| effect of microphones.

and ¢specially allows the definition of the "pop" attenuation of "pop" screens-gr0ther means

applipd to the microphone.

NOTE| The test equipment is the same as described in Annex C of IEC 60268-4:2014~HOwever, the measurgment

procedlure has been simplified for a differently specified characteristic instead of the@aklier "pop sensitivity".

19.42 Characteristic to be specified

NOTEl This measurement uses

=

N

the pUrpose-of determinina—valuesforthe characteristic—this-is-of no-imoortance because-the otherwise necessary

t

PHPOS
introdliction of areaand mechanical resistancewowld be cancelled in tHa Yaneragvratio of both formulas aiven

HeactHoh

}

The teaction-of the micronhone to-a defined "non" excitation—measured - in-the absenc

L e Ay

sounH-field

ST o Wit o oo uTr Tt o taria o oGO oo Wit rIgur O tiat Cart—otoiat

nresdure sianal
presgure—Ssighan
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The [equivalent sound pressur€,’level due to a defined "pop" excitation, measured ip the

absepce of a sound field, withya measurement installation shown in Figure 5 that can simulate

the afir flow produced by human stop consonants (P, T, etc.).
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Calibration microphone
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Figure(3'— Electrical and mechanical setup
for'the measuring of the "pop" effect
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NOTE Comparing microphones with different frequency response can result in different psychoacoustic sensation
of the "pop" even if the calculated equivalent SPL is the same. Earlier proposals for adjustment/corection are still
under consideration.

19.4.3 Method of measurement

The measurement setup is shown in Figure 5. A woofer is covered with a 5-mm thick metal
baffle to enclose a volume between the diaphragm and the baffle. In the middle of the baffle,
nine holes are arranged in a square pattern, each having a diameter of 4,4 mm and at a
distance to the neighbour of 10 mm. The holes shall have no sharp edges, for example a 45°
polished chamfer. For calibration purposes of the sound pressure within the chamber, a
measurement microphone M, is tightly mounted into an extra hole in the baffle. The distance
between the measurement microphone and the nine holes shall be at least 30 mm.
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NOTE The smoothness of the holes in the baffle influences the measurement results. Careful polishing leads to a
better suppression of artefacts.

The loudspeaker is fed with a sinusoidal signal of 5 Hz from an amplifier with adjustable gain.
The gain is adjusted to a peak sound pressure level of 140 dB in the chamber between the
baffle and the diaphragm of the loudspeaker.

The microphone under test is positioned 10 cm on axis from the central hole.
The mounting equipment shall have negligible influence on the sound field and produce only

negligible acoustic artefacts. With an adequate filter, frequencies below 5 Hz are cut off. The
outpytisthenrmes stHas—anrRMS—vatueusinganA-wetghtingfitte

| the
ower

alidation that the signal at the microphone output is generated by the &irflow
phone is mounted 50 mm off-axis. In this case, the signal shall be at least}40 dB
on axis.

For
micrd
than

hone
nd is

The
(wide
giver

bquivalent sound pressure level is computed from the output voltage”of the microp
band, weighted or additional narrow bands) and from the fregAleld sensitivity a
in decibels with respect to the sound pressure level referenceefi20 uPa.

20 Electromagnetic compatibility (EMC)

20.1| Regulatory requirements

Regylatory requirements are not within the scope of{this document and vary in different parts

of theé world. Table 2 gives examples of relevant regulations and standards.

Table 2 — Examples of EMC regulations and standards

Type of Emission USA Immunity USA Emission Europe Immunity Eurppe

hicrophone

Micr FCC 47CFR15 EN 55032 EN 55035

anal
audi

phone with
gue or digital
output

Radi FCC 47CFR2, EN 300 422-2 EN 300 4224
47CER15,
47CER74,

47CFR90

b microphone

NOTE| In the\USA, analogue microphones containing oscillators at frequencies below 1,705 MHz are exemgt. The

requir
1,705
Intern

bments~0f*47 CFR 15.109(a) apply to digital microphones and those with internal circuits operating
MHz)\ when tested in accordance with 15,33 and verified in accordance with 2,902 et seq. of that regu
blly{documented compliance with CISPR 22 is also an acceptable form of verification for microphones

above
ation.
having

LDOCSD

oo

any di

ol hilit H L H~E 3
grrar-eapaothitys et g ieria

20.2 Requirements for preserving programme quality

In many applications of microphones, additional immunity to electromagnetic disturbances is
required in order to preserve programme quality.

Table 3 gives a list of the—disturbance—phenemena electromagnetic disturbances likely to
affect microphones and the relevant IEC EMC Basic standards, with methods of test and

notes on their application to microphones.
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Table 3 — Basic EMC standards and their application to microphones

or bursts

Basic standard Description Application Methods of test
IEC 61000-4-2 Immunity to electrostatic See CISPR 35 Contact discharge 4 kV, air
discharge (ESD) discharge 8 kV
IEC 61000-4-3 Immunity to radiated radio- [See CISPR 35 Enclosure port 80 MHz to
frequency electromagnetic 1 000 MHz, 3 V/m and spot
fields frequencies
IEC 61000-4-4 Immunity to fast transients |See CISPR 35 Analogue/digital data and

DC power ports

IEC 61000-4-6

Immunify to conducted

See CISPR 35

Current injnhfnr{ incahle

disturbances induced by
radio-frequency fields

screen simulates expogure
to RF. 3 V from 0,15"MHz to

10 MHz, decreasing linearly
with the loganithm of
frequency to #V at 30|MHz,
then maintained at 1 | to

80 MHz|

See CISPR 35 and 50/60 Hz, 1 A/m and
IEC 60268-1:1985, statement of equivalen
Clause 12 SPL

IEC 6[1000-4-8 Immunity to power

frequency magnetic field

—

IEC 6[1000-4-16 See IEC 61000-4-16 Current injected in caljle
screen simulates main

fault currents

Immunity to conducted
common-mode
disturbances, 0 Hz to 150
kHz

IEC 6[1000-4-17 See IEC 61000-4-17 Performance degradatjon

with ripple on DC powgr

Immunity to ripple on DC
input power port

NOTH If the microphone has a mains power supply, additional requirements apply to it, such as IEC 610Q0-3-2
and IEC 61000-3-3.

Apart from electrostatic discharge, forswhich performance criterion B applies, all of the
disturbances can be continuous or at least repetitive, so that performance criterion A applies.

20.3| Performance criteria

NOTE| For other performance criteria; see CISPR 35.

20.3/1 Criterion A

The |lequipment shall continue to operate as intended without operator intervention. No
degradation of performance, loss of function or change of operating state is allowed below a
perfdrmance lével specified by the manufacturer when the equipment is used as intered.
The performance level may be replaced by a permissible loss of performance. If the minimum
perfdrmance level or the permissible performance loss is not specified by the manufacfurer,

then [either of these may be derived from the product description and documentation, and by
whatlthe_user can rnacnnnhly expect from the equipment if used as intended

20.3.2 Criterion B

After the test, the equipment shall continue to operate as intended without operator
intervention. No degradation of performance or loss of function is allowed, after the
application of the—phenemena electromagnetic disturbance below a performance level
specified by the manufacturer, when the equipment is used as intended. The performance
level may be replaced by a permissible loss of performance. During the test, degradation of
performance is allowed. However, no unintended change of operating state or stored data is
allowed to persist after the test. If the minimum performance level (or the permissible
performance loss) is not specified by the manufacturer, then either of these may be derived
from the product description and documentation, and by what the user can reasonably expect
from the equipment if used as intended.
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20.4 Testing for immunity to disturbances in the presence of acoustical noise

Degradation of performance in microphones due to electromagnetic disturbance, when
present, generally occurs in the form of additional noise added to the output signal. The
output can be near the inherent noise level of the microphone as measured in 17.2, and it can
be difficult to measure in a test environment capable of producing the disturbances required in
Table 3 owing to acoustic noise in the test environment.

It is recommended to test for immunity using a modified microphone with the sound-sensing
element disabled, while maintaining its electrical properties and its effect on an
electromagnetic field. Details of this procedure, if used, shall be included in the test report.
Exanmptesof suitabte proceduresare:

e dynamic microphones: replace the magnet(s) by non-magnetized parts;
e capacitor microphones: disconnect the polarizing voltage supply at a remote,point;

e electret microphones: replace the charged element by an uncharged element;

e immobilize the sensing element.

20.5| Immunity to frequency-modulated radiated disturbances

Radiated immunity testing required for compliance with the European EMC Directive|(see
Bibliography) covers frequencies above 80 MHz, with amplitGde" modulation (AM). Addifional
testing might be required to evaluate performance degradation in the presence of frequé¢ncy-
modulated (FM) transmissions.

The tests in CISPR 35:2016, Table 1, table clause\1.2, shall be repeated with a frequg¢ncy-
modulated test signal, 1 000 Hz modulation at 22,5.kHz peak deviation, with a field strength of
10 Vim. The AM and FM tests may be conducted together if the test generator can gengrate
AM gnd FM simultaneously.

20.6 | Immunity to magnetic fields

Powegr frequency magnetic field simmunity testing required for compliance with the [EMC
Direqtive covers degradation of\performance when the microphone is placed in a 50 Kz or
60 Hg magnetic field of 1 A/m>Additional testing might be required to evaluate the amoynt of
perfdrmance degradation at‘higher frequencies.

An ekternal uniform_magnetic field with sinusoidal waveform is applied. The direction df the
field [shall be such\that the maximum output voltage of the microphone is measured| The
meagurement frequencies shall be 50 Hz or 60 Hz, 1 kHz and 16 kHz. The output of the
micrgphone is‘measured in accordance with one of the weightings and meters specified in
IEC 60268-1:The type of meter and weighting shall be specified. The measurements shall be

harmonics of the mains frequencyupto and mcludmg the flfth

20.7 Immunity to ripple on DC power supply

Microphones using phantom or A-B powering in accordance with IEC 61938 can be
susceptible to hum due to ripple on the DC power supply.

IEC 61000-4-17 may be used as a reference. Test results shall be stated in terms of
maximum DC power supply ripple in the frequency range 50 Hz to 180 Hz, as a percentage of
the DC power supply voltage, for which the output voltage level due to noise increases by less
than 1 dB. The wide band measurement in IEC 60268-1:1985, 6.1 shall be used.
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20.8 Permanent magnetic field

Microphones incorporating permanent magnets can create an unavoidably large magnetic
field. This field can affect other equipment, and this fact should be noted in the instruction
manual. The user should allow for this and take precautions in placement.

When operating in rated conditions, the magnetic field strength shall be measured by means
of a suitable flux meter, such as one incorporating a Hall effect detector, and shall be stated if
it exceeds 0,5 mT at 1 cm from any surface of the microphone. If the microphone has an AC
power port, the AC magnetic field shall be measured with a suitable search coil as described
in IEC 60268-1:1985, 12.2 and shall be stated if it exceeds 1 uT at 1 cm from any surface.

20.9( Evaluation and reporting of the test results

In addition to any other tests that are performed, the microphone output shall be/evaluated in
the presence of each of the disturbances specified in Table 3 in turn.cExcept for the
electfostatic discharge test, the output of the microphone with the disturbance applied [shall
be rgported as the equivalent input sound pressure level due to electromagnetic disturt;:rnce,
if it gxceeds the output with no disturbance by more than 1 dB. The wide band measurement
in IEIC 60268-1:1985, 6.1 shall be used in each case, and the oufput referred to freetfield
sensftivity of the microphone. If the procedure in 20.4 is used, the @utput in the absence ¢f the
distufbance shall be measured with a typical production(sound-sensitive element, in
accofdance with Clause 17. A graphical presentation of results, Stated as the equivalent [input
sounfd pressure level versus frequency over the frequency range given for the disturbance,
shall|lbe provided where appropriate.

In order for the provisions of Clause 20 to be effective, the manufacturer has an obligatipn to
make the information specified above available, onrequest by a prospective purchaser qf the
produict. This document cannot specify how that ebligation can be discharged.

21 Physical characteristics

21.1| Dimensions

The main dimensions of the microphone shall be specified by the manufacturer.

21.2( Weight

The met mass of the microphone shall be specified by the manufacturer.

21.3| Cables-and connectors

connegter“contact numbers or conductor insulation colours. Polarity information shall be
included (qpp v 1)

The gonnector or cable connections shall be specified by the manufacturer as, for exaarple,
I

Reference is made to IEC 60268-11 and IEC 60268-12.

22 Classification of the characteristics to be specified

It is essential that markings bearing on safety appear on the label and are clearly visible.
Other markings are recommended but these might not, in some cases, be practicable, either
for reasons of size or construction, or because variable facilities are provided which make the
marking confusing. Accordingly, such markings are indicated by the letter R.

For stereo or multi-channel microphones, the data shall be given for each channel.
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Table 4 shows the characteristics originally collected for analogue microphones. Most of them
are also valid for microphones with built-in analogue-digital conversion. Changes and
extensions for some characteristics are described in Annex C.

For compatibility reasons, the user needs accurate information of data with high influence on
the performance. Therefore, the manufacturer shall publish limits ex-factory for at least one
characteristic of Clauses 10, 11, 12 and 14. It is highly recommended to provide more on
request as some national or international regulations demand such information.

Table 4 — Classification of characteristics

Clalise Subclause A? B
6 Type description
6.1 Principle of the transducer X
6.2 Type of microphone X
6.3 Type of directional response characteristics X
6.4 Application-prefile R X
7 Terminals and controls
71 Marking
7.2 Connectors and electrical interface values R
8 Reference point and axis
8.1 Reference point
8.2 Reference axis
9 Rated power supply
- type of power supply X
— power supply voltage X
- upper and lower limits X
— current drawn from power supply X
10 Electrical impedance
10.1 Internal impedance
10.2 Rated impedance
10.3 Mipimum permitted load impedance R
11 Sensitivity
11.2.3 ~Free-field sensitivity
11.22 Diffuse-field sensitivity
11.2.3 Close-talking or near-field sensitivity
H24—Pressuresensitivity
11.3 Rated sensitivity
12 Response
12.1 Frequency response
12.2 Effective frequency range
13 Directional characteristics
13.1 Directional pattern
13.2 Directivity index
14 Amplitude non-linearity (all characteristics)
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Clause Subclause A? BP
15 Limiting characteristics
15.1 Maximum permissible peak sound pressure
15.2 Overload sound pressure
16 Balance
16.1 Balance of the microphone output
16.2 Balance under working conditions
17 Equivalent sound pressure level due to inherent noise
18 Ambrent conditions
18.2 Pressure range
18.3 Temperature range
18.4 Relative humidity range
19 External influences
19.2 Equivalent sound pressure due to mechanical vibration -
19.3 Equivalent sound pressure due to wind —
19.4 Transient equivalent sound pressure due to "pop" effect -
20 Table 3: EMC (for preserving programme quality) See 20.2
Equivalent SPL due to radiated radio-frequency electromagnetic fields - X
Equivalent SPL due to fast transients or bursts - X
Equivalent SPL due to conducted disturbances indéged by radio-frequency fields - X
Equivalent SPL due to power frequency magnetic, field - X
Equivalent SPL due to conducted common-mode disturbances, 0 Hz to 150 kHz - X
Equivalent SPL due to ripple on DC input power port - X
21 Physical characteristics
211 Dimensions -
21.2 Weight -
21.3 Cables and gonnectors - X
Anneik A | Additional characteristics
A.2 Front<te*rear sensitivity index (0° to 180°)
A3 Noise-cancelling index
NOTE 1 IEC 61988:2013, 9.1 to 9.6 specify matching and marking of microphones and power supplies|with
prefgrred valugs:
NOTE 2 (The data relating to Clause 20 are not the data required for regulatory purposes.
a AistHe data that shall be marked by the manufacturer on the microphone. R means 'Recommended'.

b B is the data that shall be specified by the manufacturer in the manual and technical specification.
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Annex A
(normative)

Additional characteristics

A.1 Characteristic sensitivity for speech

A1.1 Characteristic to be specified

The odulus of the relevant Qpnqifi\/ify of the microphone (QQQ 11 9) a\unrqud aver the

effective frequency range using a weighting that corresponds to a specified speech \power
specfrum.

NOTE| The characteristic sensitivity for speech is intended to provide the information necessary\for matchipg the
microphone to the amplifier, taking into account both the frequency response of the microphone apd an
approximated speech power spectrum. This definition takes account of the fact that the major part of speech jpower
is concentrated in the low-frequency range and also that, generally, microphones for speech transmission have a
low-fr¢quency roll-off. The characteristic sensitivity for speech bears no relation to an intelfigibility rating.

A.1.2 Method of measurement

Average values of the relevant sensitivity selected from 11,2\are calculated for the ottave
frequency bands (in accordance with IEC 61260-1) with centré-frequencies 250 Hz, 50p Hz,
1 000 Hz and 2 000 Hz.

Thesg four average values (M), can be calculated from the value at one frequency (e.g. 1 00D Hz)
and from the frequency response measured under‘the relevant conditions, averaged [on a
decihjel scale within each of the octave bands.

The ¢haracteristic sensitivity for speech power shall be calculated from the expression

4 1/2
Meg = zak(Mf)i
k=1

wherp

bl

i the index of the(o¢tave-band considered (k = 1....4);
oy, iq the speech-power weighting factor for the octave-band with index & given in Table A.1.

Table A:1\— Speech power weighting factor at octave-band centre frequencies

Index k& 1 2 3 4
Centie-frequency of octave-band, Hz 250 500 1000 2 0400
Speech-power weighting factor, «, 0,15 0,55 0,20 0,10

The characteristic sensitivity level for speech power L, is the ratio, expressed in decibels,
of the characteristic sensitivity for speech power M. and the reference sensitivity M,
(= 1 V/Pa) expressed as follows:

MCS

Ly, =201g

r

NOTE The procedure given above involves several simplifications but gives sufficient accuracy for normal
practice. A more accurate method of weighting can be obtained by using a more extended frequency range, true
power-averaging in narrower frequency-bands (e.g. third-octave bands) and the appropriate speech-power
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weighting factors for each of the narrower frequency-bands. However, any set of speech-power weighting factors to
be used as a basis for calculation are averages for different languages and different male and female voices, and
the deviations for individual persons often exceed the limits of accuracy of the simplified procedure given above.

A.2 Front-to-rear sensitivity index (0° to 180°)

A.21 Characteristic to be specified

The ratio, expressed in decibels, of the free-field plane wave sensitivities for incidence of
identical sound waves in the direction of the reference axis and in the opposite direction. The
frequency or frequency band shall be stated.

A.2.2 Method of measurement

The front-to-rear sensitivity index is not directly measured but derived from the ‘meagured
free-field plane wave sensitivities (see 11.2.1) for incidence of identical sound\waves in the
direction of the reference axis and in the opposite direction.

Care|should be taken when measuring the front-to-rear sensitivity indexof a highly direcfional
micrgphone in an anechoic room because of the influence of sound reflections from the
boundaries (see 13.1.2).

A.3 | Noise-cancelling index

A.3.1 Characteristic to be specified

Eor dlose-talkina noisecancellina micronhones thevratio exnressed-in decibels of the olutnut
oG0S e-ta iR gROISe CaRCeHR G IHCFOPRORE S, HRENAHO EXPFreSSe G- GEe o eSO tREeOptpUt
voltahe nroduced by sound waves emanatina fréama 3 esnecified-source (artificial mouth) nlaced
Vorageproaucecoy-souncWaves-eimanatihgHoMm a3 SpecHeaSourceatHciahoutn)pP1acea
at alctated distance from- the micronhone “Yaith a9 ctatead orientation—wit resnect td the
at—a-Statea—aistanrce—+Hom—the—HerophRohe-aVtn—a—Stateac—orHehaHon—wWHnh—respect—tg—the
referbnece _axis of the micronhone to -the autnut voltaae nroduced - bv a3 diffuse soundlfield
Fetefrphce—axis—orthe—HeropRohRe,to—thReOttput—vorageproadceadya—aHuse——souhaHeta
havidg—the-same freguencyv—orfrequeneVband-and-the -same rm-s—sound-pressure] The
HHg—Re—Sae—tHeguency—orHequensy—oanaanathe——Same+--5—SoURa—pressufre:
noisg-cancelling index is measured as~the ratio of the output voltage produced by sjpund

wavegs emanating from a specified seurce (artificial mouth) to the output voltage producgd by
a diffuse sound field having the.same frequency or frequency band and the same RMS sjound
presgure. The sound source igplaced at a stated distance from the microphone, with a sftated
orientation with respect to the'reference axis of the microphone. The index is expressgd in
decihels. The frequency or frequency band shall be stated.

The poise-cancelling index shall be understood to be equal to the ratio, expressed in decibels,
of the¢ close-talking, sensitivity (see 11.2.3) and the diffuse-field sensitivity (see 11.2.2) 3t the
same frequency.or within the same frequency band. In all cases the sound source used|shall
be stpted.

The |na@ise<cancelling index shall refer to the same source and to the same geomeitrical
configuration of source and microphone as thase for the specification of the clase-tdlking
sensitivity (see 11.2.3). The noise-cancelling index may be presented as frequency response
curves for both the specified source and the diffuse sound field. Instead of an artificial mouth,
an artificial head can be used.

A.3.2 Method of measurement

The noise-cancelling index is computed as the ratio, expressed in decibels, of the measured
close-talking sensitivity (see 11.2.3) and the measured or calculated diffuse-field sensitivity
(see 11.2.2).

It is presented either as a function of frequency within the effective frequency range, or as the
frequency response curves for both the specified source (artificial mouth) and the diffuse
sound field at the same sound pressure.
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A4

A41

Special characteristics for stereo microphones

General

For stereophonic recording, special microphone units with fixed transducer arrangements for
both audio channels are in use, as well as a multitude of well-defined arrangements (arrays)
of monophonic microphones. The following characteristics apply to these microphones and
arrays.

A.4.2 Included angle of an XY (left-right) microphone

A.4.2

The
chan

A.4.2

A Characteristic to be specified

angle between the reference axis of the left-channel microphone and that ¢f-the
hel microphone.

.2 Method of measurement

Usuglly both microphones have the same directional properties and the reference

mech
from
shou

A.4.3
A.4.3

The
Y/X).

A.4.3

The
same
varie|

the mechanical design. In case of doubt, directivity measdrements for both cha
d be made, following the procedure for monophonic microphones.

Acceptance angle
A Characteristic to be specified

bngle between the directions of maximum ratio between right and left channel (X/Y

2 Method of measurement

angle can be derived from directional response plots for left and right output, usin

5 with frequency, so should\be stated for several preferred frequencies.

right

and

anical axes are the same, so that the angle-ean cannot be directly' measured but derived

hnels

and

j the

zero reference direction. This_can require the use of an MS to XY converter. The angle
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Annex B
(informative)

Sound insulation device

The sound insulation device is made of normal carbon steel. It has double encapsulation and
is filled with damping materials between the inside and outside cans. At the base, the damper
has axial symmetry and is uniformly distributed, see Figure B.1.
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2245
IEC
Dimensions in millietres
Accorgling to the requirements, define L as desired.
Key
1 sound-absorbent Iining
2 inside can
3 rubber spacer inside can
4 cover of inside can
5 vibration damper (four pieces)
6 cover of outside can
7 rubber spacer outside
8 measuring cable: the outlet for the measuring cable is sealed.

9 base plate

10 outside can

11 damping material

The resonance frequency of the system constituted by the total stiffness of the vibration damper and the total mass
of the can should be less than 10 Hz.

Figure B.1 — Sound insulation device
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%" measurement

microphone or 2

microphone under test

)

Third octave

N/

/\

el

Approximately 5 cm absorbing material
at > 15 cm distance to the microphone IEC 1484/14
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Annex C
(informative)

Recommendations for professional digital microphones

C.1 General

This annex provides guidance resulting from discussions primarily regarding professional
and should be considered as

recommeRdatHons o o paHes—pUpHSAHARgG—SPpecHtcalltons—o SHE FHEFOPROREeSs: Ot
inclufles definitions and further explanations of characteristics introduced with.\digital
micrgphones. The definitions in this annex are limited to microphones having an)‘intefface
using linear pulse code modulation (LPCM) coding similar to that specified in JEC 60958-4.
Clauses from the main part are recommended for application where stated in_Table C.1.|New
claudes are introduced in Table C.2. Further information can be found in theJliterature|(see
Bibliggraphy).

C.2 | Data sheets for digital microphones

Signal levels—should shall be measured digitally relative to, full-scale. If the gain can be

chanpged in the microphone, the influence on sensitivity and\signal to noise ratio shou|d be
stated. Mechanical, electrical and protocol characteristics(of a digital microphone are defined

in the corresponding standards.
Table C.1 — Classification of the characteristics recommended to be specified
Clausge Subclause Classification
6 Type description Same as-for analogue microphones.
6.1 Principle of the
transducer
6.2  Type of microphone
6.3  Type of directional
response characteristics
7 Terminals and contrels Connectors and electrical interfaces are defined in the relevant digital
) interface standards. The applicable standard-sheuld shall be stated.
71 Marking
7.2  Connectors and
electrical interface
values
8 /Reference point and axis Same as for analogue microphones.
»8 1 Reoforence pninf
8.2 Reference axis
9 Rated power supply The powering is defined in the relevant digital interface standard. The

- type of power supply
- power supply voltage
- upper and lower limits

- current drawn from
power supply

applicable standard-sheuld shall be stated.
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Clause Subclause Classification
10 Electrical impedance The interface impedance is defined in the relevant digital interface
) standard. The applicable standard-sheuld shall be stated.
10.1 Internal impedance
10.2 Rated impedance
10.3 Minimum permitted load
impedance
11 Sensitivity The sensitivity-should shall be expressed as output level relative to
) . digital full-scale (0 dB FS) generated by a sound pressure of 1Pa (94 dB
11.2.1Free-field sensitivity SPL). In case of variable gain the sensitivity should be stated at least
71.2.2 Diffuse-field sensitivity forTmaximoTTamdTTiTTTTuTT g At
11.2.3Close-talking or near-
field sensitivity
11.2.4Pressure sensitivity
11.3 Rated sensitivity
12 Response Same as for analogue microphones.
12.1 Frequency response
12.2 Effective frequency
range
13 Directional characteristics Same as for analogue microphones.
13.1 Directional pattern
13.2 Directivity index
14 Amplitude non-linearity (all Same as for analogue microphones.
characteristics)
15 Limiting characteristics Same as fok analogue microphones.
15.1 Maximum permissible
peak sound pressure
15.2 Overload sound
pressure
16 Balance Not applicable or defined in relevant digital interface standards.
16.1 Balance of the
microphone Qutput
17 Equivalent sound pressure Signal levels are measured in the digital domain. The equivalent sgund
level due to_inherent noise pressure is calculated with the digital sensitivity. If gain is not fixed
sensitivity should be stated at least for maximum and minimum gain.
18 Ambient conditions Same as for analogue microphones
181 General
4+8-2—Pressurerange

19

Temperature range

_‘_\
oo o
W

External influences
19.1 General

19.2 Equivalent sound
pressure due to
mechanical vibration

19.3 Equivalent sound
pressure due to wind

19.4 Transient equivalent
sound pressure due to
"pop" effect

Relative humidity range

See Clause 17.
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Clause

20

21

Subclause

Electromagnetic compatibility
(EMC)

Physical characteristics

21.1 Dimensions

21.2 Weight

21.3 Cables and connectors

- 54 - IEC 60268-4:2018 RLV © IEC 2018

Classification

Same as for analogue microphones.

Mechanical parameters same as for analogue microphones.

Cables and connectors are defined in relevant digital interface
standards. The applicable standard-should shall be stated.

Table C.2 — Additional digital characteristics to be specified

Digital characteristics:

1

o N o & WO

Word length

Sampling frequencies
Latency time

Internal signal processing
Output interface jitter
Audio data dc offset
Method of synchronization

Type of codec

Latency is expressed as the number of samples or latency time at g¢ach
stated sampling frequency.

Internal DSP functions which can affect the described’characteristi¢s
should be stated.
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Annex D
(informative)

Recommended method for measuring noise levels
according to ITU-R BS.468-4 in the digital domain

D.1 General

This annex describes a method to measure quasi-peak noise in accordance with
I TU-RBS#G84rthedigitatdomman:

D.2 | Recommended method

The [recommended method works in the time domain. The filters for the~weighted| and
unwdighted measurements are shown in Figure D.1. The frequency response for the weighted
meagurements is implemented with an FIR filter, using the frequency-sampling method| The
frequency points are defined in ITU-R BS.468.

The filter for the unweighted measurements is implemented with two 3rd order |IR Butteryvorth
filterg.

i A
g
40] T T T T ~ T T T T T TTTTT
= —  |H(e9)] R
T {0 }|--- ITU Tolerance - 2 \ >
; / Q il
° * ITU Frequencies / \ € A
2 > < N
=y
IS \
< !
\ \
Nyl |
AL |
) y
.. > ‘
l:l ‘
-40 - .f.ﬁln —60 H— [|H() L
\ ---1TU Tolerance
50 L 9 I Y O S S 1
101 102 103 104 100 101 102 103 104
* Frequency (Hz) * Frequency |(Hz)
IEC IEC
a) Filter for weighted measurements b) Filter for unweighted measurements

The leTT graph shows the CCIR-TK curve.

Figure D.1 — ITU weighting filter for weighted and unweighted measurements

To achieve a quasi-peak measurement, a series of two peak value rectifiers (PVR) with
specific time constants have to be used. The PVR system is shown in Figure D.2. The PVR
system can be split in two states with the difference equations given in the two following
equations.

xp(n)=(1—AT)~xp(n—1)+AT~|x(n)|

x,(n)=(1-RT)-x,(n-1)
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The time constants A7 and RT can be calculated using

AT=1—exp[—2’2—'TA]
T4

IR
wherg
T, is the sampling interval, \/A
t is the desired attack or release time in seconds. Q‘

AT

x (n)]

(

R %)ls)cp(n—n
% if [x(n)| > xp (n = 1)

4
O

()
l\
A\
b
"
=
hel
=
=
=

N9

\\ 1 k
5\0 IEC
%
Figure D.2 - ng alue rectifier scheme
.\Q)
The {ime constants for the two PVRéﬁe given in Table D.1.
b\
Table — Time constants for the two PVRs
)
. Nt
+  PVR1 PVR2
N
-
N (-) 3,4 ms 375 ms
FoN) ’ 872 ms 1,000 ms

O\
PVR Qo be calculated first. The output of PVR1 is then applied to PVR2. The outgut of
PVR} he desired quasi-peak value.

D.3 Matlabt code

The following Matlab code shows a reference implementation of the recommended method.

1 MATLAB ® is a trademark of the MathWorks, INC. The detail is available at http://www.mathworks.com. This
information is given for the convenience of users of this document and does not constitute an endorsement by
[ISO or IEC] of the product named. Equivalent products may be used if they can be shown to lead to the same
results.
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function res = gpeak(x,fs,varargin)
Calculates quasi peak response with ccir-1k filtering

o° oP

o°

The function takes an audio signal x with the sampling rate fs and
returns the quasi peak response of this signal with a ccir-1k

weighting

filter or the unweighted filter according ITU-R BS.468-4.

The minimum fs for this function is 88.2kHz because of the

CCIR-1k filter specifications.

If fs < 88.2kHz x is resampled to double fs

o\

o° o o oP

o

Input Signal
fs: Sampling frequency of x \§
ftype (opt): Choose the weighting filter. 'uw' for unwgégy
measurement. Defaults to weighted measur
res: Returns a vector with quasi peak values

o\

o° 0 o o o

o
s

Riekehof 28.11.2016, SCHOEPS Mikrofone bfl'

(b/
if fls < 88200 @
x = resample(x,2,1); (SL
fs = 2*fs; ©
end

o)

ftyge = 'w'; % Default setting is set to weighted measurement

if nargin > 3 <§k

error ('Too many input arguments'); <2

elsdif nargin > 2 N
ftype = varargin{l}; Q;$>

end
)
%% (CIR-1k weighting filter q%§§§n for "weighted" measurements

K\
xO
% FIR-Design \Vr
ccif freq = [0 31.5 \\lOO 200 400 800 1000 2000 3150 4000 5000 p300
710Q 8000 9000 100 0’12500 14000 16000 20000 25000 31500 fnyl;
ccif ampl = -23.9 -19.8 -13.8 -7.8 -1.9 0 5.6 9 10.5 [1.7
12.4 12 11.4 10 8. 1 O -5.3 -11.7 -22.2 -32.2 -42.7]1./20)

cciyg ampl = §§f;élr ampl 0];

fny |= £s/2;

ccir ampl)-1;

:length(ccir ampl)-1;

interpl (n,ccir ampl nqg, 'spline');
:length(ccir freq)-

£ ! 12

oo P AN ‘V‘ﬁ‘l /n mn-‘v- £ oo o6 ol o0 1) .
— o +aterpt{a r—fregr o sptinel
n = 3000;
ccir fregi = ccir freqi / fny;
h = fir2(n,ccir freqi,ccir ampli,2716);

%% 3rd order butterworth filter for "unweighted" measurements

Wn = 20 / fny;
[b high,a high] = Dbutter (3,Wn, 'high'"); % 3rd order Dbutterworth
highpass

Wn = 24000 / fny;
[b low,a low] = butter(3,Wn,'low'); % 3rd order butterworth lowpass

%% Calculate quasi peak level
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Q

% Optimized time constants by Mr. Ritter from Sennheiser
tal= 3.4e-3;

trl= 872e-3;

ta2= 375e-3;

tr2= 1;

% Apply weighting filter

if strcmp(ftype, 'uw')

xx = filter (b high,a high,x);

x flt = filter(b low,a low,xx);

else

x flt = £ftfilt(h,x); \3
end <é>/
% TwWo PVRs in series to obtain quasi peak values 583
pl o pvr(x flt,tal,trl,fs); Q
res |= pvr(pl,ta2,tr2,fs); D{L'
end ng

Q‘lx

fundtion [ yv ] = pvr(x,ta,tr,fs)
S OHHHHHA A A A #K%f#######
% Linear peak value rectifier. <g/
: S

% Irput variabels Q
% x: Inputsignal <i:>

% ta: Attackttime

% tr: Releasetime \§\
% fs: Samplingfrequency Q;\

% SCHOEPS Mikrofone §S>

% |H. Riekehof 15.6.2014 K\

% '45

% ######################## idsasasaasadasasasaRananatdd

AT 4 1 - exp( *
RT 4 1 - exp(

% Sflate memory §§>
q: O

zeros(leng‘:\&> , 1)
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOUND SYSTEM EQUIPMENT -
Part 4: Microphones

FOREWORD

Thie International Electrotechnical Commission (IEC) is a worldwide organization for standardization_comj
alll national electrotechnical committees (IEC National Committees). The object of IEC is")to prf
infernational co-operation on all questions concerning standardization in the electrical and electronic fiel
this end and in addition to other activities, IEC publishes International Standards, Technicall.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. International, gevernmental and
goyvernmental organizations liaising with the IEC also participate in this preparation.{EC collaborates g
with the International Organization for Standardization (ISO) in accordance withyconditions determin
agreement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters express, as néarly as possible, an intern
copsensus of opinion on the relevant subjects since each technical cammittee has representation fr
interested 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 made to’ ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible for'the way in which they are used or fg
miginterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in theirynational and regional publications. Any diver
befween any IEC Publication and the corresponding national or regional publication shall be clearly indic4
the¢ latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf
aspessment services and, in some areas, ,aecess to IEC marks of conformity. IEC is not responsible fi
sefvices carried out by independent certification bodies.

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

Nq liability shall attach to IEC or iis\directors, employees, servants or agents including individual exper
megmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othq
Publications.

At{ention is drawn to-the/Normative references cited in this publication. Use of the referenced publicati
indispensable for the.correct application of this publication.

Atfention is drawn-to the possibility that some of the elements of this IEC Publication may be the sub
patent rights..IEC-shall not be held responsible for identifying any or all such patent rights.
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This sixth edition cancels and replaces the fifth edition published in 2014. This edition
constitutes a technical revision.

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

a) Subclause 19.4 on "pop" measurement replaces Annex C;

b) new Annex D for noise measurements in the digital domain.

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

CDV Report on voting

100/2992/CDV 100/3109/RVC
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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 60268 series, under the general title Sound system equipment,
can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability-date-indicatedon-the vebsiteunder "hitp: j }

the specific document. At this date, the document will be

A-e-bstofretec-6h R—t-e—-catd edtO

¢confirmed,

L]
-

e Withdrawn,

[ ]
-
oD

placed by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date:



https://iecnorm.com/api/?name=1de9361b48834bb218bfb4bf7ba758b1

1

-8 - IEC 60268-4:2018 © |IEC

SOUND SYSTEM EQUIPMENT -

Part 4: Microphones

Scope

2018

This part of IEC 60268 specifies methods of measurement for the electrical impedance,
sensftivity, directional response pattern, dynamic range and external influences of

systg

It applies to sound system microphones for all applications for speech and music. It doe

und

m microphones, and also details the characteristics to be specified by the manufactyrer.

S not

apply to measurement microphones, but it does apply to each audio channgl\of microphones
havirlg more than one channel, for example for stereo or similar use. It is‘also applicable to
flushtmounted microphones and to the analogue characteristics of migrephones with digital

audig output.

For
tran

The

NOTE| The characteristics specified in this document do not describe the subjective response of the microf
Furthgr work is necessary to find new definitions and_measurement procedures for a later introduction of ob
charagteristics for at least some of the subjective descriptions used to describe microphone performance.

2

The

contgnt constitutes requirements of this document. For dated references, only the e

Normative references

following documents are réeferred to in the text in such a way that some or all of

Ie purposes of this International Standard, a microphone-ineludes all such devicgs as
ormers, pre-amplifiers, or other elements that form an_.ntegral part of the microphone,
up to the output terminals specified by the manufacturer.

major characteristics of a microphone are considered in Clauses 6 to 21. Addifional
characteristics are considered in Annex A and Annex)C".

hone.
ective

their
dition

cited|applies. For undated references, the latest edition of the referenced document (inclliding
any amendments) applies.
CISHR 35:2016, Electromagnetic compatibility of multimedia equipment — Immunity

requirements

IEC
IEC
IEC

IEC

IEC

IEC

IEC
IEC

IEC

0268-1:14985, Sound system equipment — Part 1: General
0268+1:1985/AMD1:1988
0268-1:1985/AMD2:1988

60268-2:1987, Sound system equipment — Part 2: Explanation of general terms and
calculation methods

60268-2:1987/AMD1:1991
60268-3:2013, Sound system equipment — Part 3: Amplifiers

60268-5:2003, Sound system equipment — Part 5: Loudspeakers
60268-5:2003/AMD1:2007

60268-11:1987, Sound system equipment — Part 11: Application of connectors fo

interconnection of sound system components

IEC
IEC

60268-11:1987/AMD1:1989
60268-11:1987/AMD2:1991

r the
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IEC 60268-12:1987, Sound system equipment — Part 12: Application of connectors for
broadcast and similar use

IEC 60268-12:1987/AMD1:1991

IEC 60268-12:1987/AMD2:1994

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) - Part 4-2: Testing and
measurement techniques — Electrostatic discharge immunity test

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test
IEC 61000-4-3:2006/AMD1:2007
IEC $1000-4-3:2006/AMD2:2010

IEC $61000-4-4:2012, Electromagnetic compatibility (EMC) - Part 4-4: Jesting | and
meagurement techniques — Electrical fast transient/burst immunity test

IEC $1000-4-6:2013, Electromagnetic compatibility (EMC) - Part 4-6: Testing | and
meagurement techniques — Immunity to conducted disturbances, induced by radio-freqyency
fields

IEC $1000-4-8:2009, Electromagnetic compatibility (EMC) (- Part 4-8: Testing | and
meagurement techniques — Power frequency magnetic field imimunity test

IEC $1000-4-16:2015, Electromagnetic compatibility{,(EMC) - Part 4-16: Testing | and
meagurement techniques — Test for immunity to cofducted, common mode disturbances in
the ffequency range 0 Hz to 150 kHz

IEC $1000-4-17:1999, Electromagnetic compatibility (EMC) — Part 4-17: Testing| and
meagurement techniques — Ripple on d.c. input power port immunity test
61000-4-17:1999/AMD1:2001
61000-4-17:1999/AMD2:2008

IEC $61260-1:2014, Electroacoustics — Octave-band and fractional-octave-band filtdrs -
Part [1: Specifications

IEC 61938:2013, Multimedia systems — Guide to the recommended characteristigs of
analggue interfaces to-gchieve interoperability

ITU-T Recommendation P.51:1996, Artificial mouth

EN 56103-2:2009, Electromagnetic compatibility — Product family standard for audio, video,
audig-visual and entertainment lighting control apparatus for professional use — Part 2:
Immynity,

EN 300 422-2 V1.3.1:2011, Electromagnetic compatibility and radio spectrum matters (ERM)
— Wireless microphones in the 25 MHz to 3 GHz frequency range — Part 2: Harmonized EN
covering the essential requirements of article 3.2 of the R&TTE Directive

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60268-1 and the
following apply.

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

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

3.1
far-field microphone
microphone for use mainly at a distance of 1 m or more from the source of sound

Note 1 to entry: The term "far-field microphone" describes a microphone application (see 6.4) and not a type of
microphone. A specific microphone may have one or more applications, but the term is helpful in specifying the
method of measurement.

3.2
near-field microphone
micrgphone for use by an individual performer at a distance of approximately 30 cm

Note 1 to entry: The term "near-field microphone" describes a microphone application (see 6.4) and\6t a type of
microphone. A specific microphone may have one or more applications, but the term is helpful in“specifying the
methold of measurement.

3.3
close-talking microphone
micrgphone for use at a distance of approximately 25 mm from the soufce of sound

Note 1 to entry: The term "close-talking microphone" describes a microphong-application (see 6.4) and not p type
of migrophone. A specific microphone may have one or more applications, but-the term is helpful in specifyipg the
methold of measurement.

4 General conditions

4.1 | General
Spedial reference is made to IEC 60268-1, concerning:

e upits and system of measurement;

e frequencies of measurement;

e qpantities to be specified and,their accuracy (see also 5.7);

e njarking (see also 7.1);

e ambient conditions;

o filters, networks apd measuring instruments for noise specification and measurement;
e irdividual specifications and type specifications;

e glaphical presentation of characteristics;

e scales forgraphical presentation;

e pprsonal safety and prevention of spread of fire;

e methodof

and to IEC 61938 concerning powering of microphones.

4.2 Measurement conditions
4.2.1 General

For convenience in specifying how microphones shall be set up for measurement, three sets
of conditions have been defined in this document, under the title of "rated conditions".

Microphones should be measured in conditions approximating those in which they are
intended to be used. Three sets of measurement conditions are specified in this document:
free-field, near-field and close-talking. The differences between these sets of conditions are in


http://www.iso.org/obp
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the distance to the sound source and the sound pressure level of the measurement.
Measurements shall be reported using at least one of these sets of conditions. Additional data
may be included, provided that the measurement conditions are specified.

Three ratings are basic to the formulation of these concepts:

rated power supply (see 9.1);
rated impedance (see 10.2);

rated sensitivity (see 11.3).

T i il 4 T £ il o s ol ' ool lo k
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from [the specifications supplied by the manufacturer of the equipment.

The ferm "rated" applied to other characteristics relates to the specification or measuregment
of thie particular characteristic under rated conditions or under conditionscunambigupusly

conngcted to them. This applies, for example, to the following two characteristics:

-

ated output voltage;

—

ated equivalent sound pressure level due to inherent noise.

Methpds of measurement are given in this document for electrical impedance, sensifivity,
direcfional pattern, dynamic range and external influencess¥Where alternative methods$ are

giver], the chosen method shall be specified.

4.2.2 Rated conditions

The [microphone is understood to be working.under rated conditions when the follqwing

condjtions are fulfilled:

the microphone is connected to the resistive load specified in 5.4, or as specified by the
manufacturer;

flthe microphone needs a power-supply, this is the rated power supply;

the microphone (except a close-talking or near-field microphone) is placed in a sound| field
nmeeting the free-field conditions in 5.5.2, the waves having zero-degree incidence| with
réspect to the reference direction;

far-field microphones. shall be measured in free-field conditions;

the undisturbed(sound pressure (in the absence of the microphone) in the sound figld at
the reference point of the microphone is sinusoidal and set at a level of 1 Pa (94 dB SPL);

fqr close-talking microphones, the microphone is placed at a stated distance, no more
than 25 mym from the artificial mouth complying with ITU-T Recommendation P.51, and the
hdisturbed sound pressure in the sound field at the reference point of microphope is
s|ndsoidal and set at a level of 3 Pa (104 dB SPL);

for near-field microphones, the microphone is placed at 30 cm from the artificial mouth
complying with ITU-T Recommendation P.51, and the undisturbed sound pressure in the
sound field at the reference point of microphone is sinusoidal and set at a level of 1 Pa
(94 dB SPL);

if a special microphone needs a different measurement level or procedure (e.g. Lavalier or
boundary layer microphones), it shall be stated in the technical data together with the
reason for this. Levels related to the normal reference level of 94 dB by multiples of 10 dB
are preferred,;

[

controls, if any, are set to the position recommended by the manufacturer;

in the absence of a clear reason to the contrary, the measurement frequency is 1 000 Hz
(see IEC 60268-1);

the ambient pressure, relative humidity and ambient temperature are within the limits
given in IEC 60268-1, and shall be stated.
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Measurements may be made at a sound pressure of 0,3 Pa if this is necessary due to
limitations of the performance of the loudspeaker or other measurement equipment, and only
if any change in performance between the level used and the reference level is known with
the necessary accuracy for the relevant characteristics.

5 Particular conditions

5.1 Pre-conditioning

A microphone with preamplifier shall be switched on for the period of time specified by the
manyfeeturer—before—measurements—are—made—to—aHow—the—ecomponents—to—reaeh the
statignary temperature for rated conditions. If the manufacturer specifies no period, a. pgeriod
of 1(J s shall be allowed for stabilization. If the microphone contains a vacuum tube\oer pther

heating device the time shall be 10 min.

5.2 | Sound source

The [sound source shall be capable of producing at the microphoneyposition the spund
presgure level as defined for rated conditions. The amplitude noen<linearity of the sjound
sour¢e shall be held to such a value that the effect on the measured response doe$ not
excepd 0,5dB. If the conditions of measurement preclude- the possibility of securing
suffigiently low distortion, a narrow-band filter may be used at the microphone output
terminals, which allows the response at the fundamental freguency to be measured.

For ffee-field calibration and calibration of near-field microphones, the sound source shall be
contained in an enclosure which radiates sound from“one well-defined opening fulfilling the
soun field requirements, preferably by only one being radially symmetrical with respect to the
axis pf the reference direction of the microphoné.

5.3 | Measurement of sound pressure

A calibrated reference pressure microphone shall be used to measure the sound prespure.
The feference microphone shall be Calibrated with an accuracy of +1 dB at 1 kHz or bettef.

5.4 | Voltage measuring system

The poltage generated_by the microphone, when in a sound field, shall be determingd by
using a voltmeter with~an input resistance negligible to the specified microphone load.| This
load |is five times the Trated impedance of the microphone, unless otherwise stated by the
manyfacturer. If gxternal equipment, such as a power supply, applies an impedance in parallel
with the microphone, its impedance shall be taken into account.

NOTE| Migrophones having a rated impedance of 200 Q often have an actual internal impedance in the order of
50 Q, pnd many of them perform best with a minimum load impedance around 1 000 Q.

5.5 Acoustical environment
5.5.1 General
The microphone can be measured in different acoustical environments:

a) in a free field or similar with negligible boundary effects, e.g. by using special computer-
generated sound source signals:

spherical waves, or

plane waves, or

waves produced by a specific sound source (artificial mouth or artificial head);
b) in a diffuse field;
c) coupled to a sound source by means of a small cavity (coupler).
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5.5.2 Free-field conditions

5.5.2.1 General

A free-field sound wave is normally divergent in character. In certain circumstances it can
approximate an ideal plane wave. Free-field conditions can be obtained:

in open air, ambient noise and wind permitting, or
in an anechoic room, or

in a duct.

A sound source of small dimensions with respect to the wavelength produces a sphegrical

wavg in these environments. The spherical wave can be approximated to a plane wave

in a

region of measurement located at a sufficient distance from the source. Spherical‘waves can
be uged to measure pressure microphones but it is necessary to use almost perfect plane

waves in the low-frequency range for the measurement of pressure gradient microphones).

For microphones responding both to pressure and to pressure gradient; having a suffic

ently

flat flequency response in a plane-wave free sound field (i.e. at a sufficient distance from the
sourge), the response as a function of frequency f of distance » from a centre of spherical
diverging waves and of angle of incidence 6 of the waves at the microphone, can be given in

a complex form:

wherg
1 — B is the contribution of the pressure compaonent;

B

is|the contribution of the pressure gradient component;
= Pn/A or 2nflc (A — wavelength, ¢ ='speed of sound);

= P for the omnidirectional pressure type;

=D,5 for the cardioid type;

= for the bidirectional pressure gradient type.

(1—B)+B[1+,ijcose
jkr,

At low frequencies, it/pbecomes difficult to realize plane wave conditions in an anechoic nroom.

A plane wave at lgw,~frequencies, below the cut-off frequency of the anechoic room
therdfore be better produced under other conditions.

Freeifield conditions are considered to be sufficiently realized in the region aroung
micrgphone.if the following conditions are met:

within a distance of 200 mm in front, behind, right, left, above and below the positi

can

the

n of

the microphone the sound pressure level is measured at every measuring frequency by

means of a pressure transducer;

the axis of the transducer shall point towards the reference point of the loudspeaker
IEC 60268-5);

(see

the corresponding sound pressure levels on axis positioned at different distances from the

loudspeaker shall not differ by more than 0,5 dB from the calculated levels in the
sound field;

ideal

the values at a nearly constant distance to the sound source, right, left, above and below
the microphone shall not differ by more than 1 dB from the level at the reference point of

the microphone.
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5.5.2.2 Spherical waves

The sound pressure generated in a free field by an omnidirectional sound source varies
inversely with the distance from the acoustic centre of the source.

The output voltage of the microphone varies inversely with the distance between the source
and the microphone when the relevant dimensions of both are small compared with the
wavelength, allowing the results from the measurements made at a certain distance r to be
converted by calculation to results which would be obtained at the reference distance.

When either the circumference of the radiating surface of the source or the circumference of
the principal acoustic entry of the microphone exceeds the wavelength, this computation
applies only when the measuring distance conforms to:

r>d

r>d?IA

where

r i the distance from the source to the measuring point;
d

A

q the effective diameter of the sound source;

g the sound wavelength.

It is ddvisable for the distance from the source to thevmeasuring point to exceed three {imes
the Iargest dimension of the radiating surface of the source.

5.5.2.3 Plane progressive waves

A pITe progressive wave can be obtained either in a duct or in a free field.
I

a) a duct

n designing a duct capable\of producing useful results, there are many problems {o be
splved such as the designof the terminating impedance, the avoidance of cross-mg¢des,
RHe shape of the original wavefront and the relative dimensions of the duct and the
icrophone.

q:—o-

b) In a free field

Al spherical wayve-at a distance of at least half the wavelength from the centre of curvpture
af the lowest® frequency of measurement is a practical approximation to a plane
pfogressive‘'wave.

For measurement of "shotgun" types and pressure zone microphones, determining the
smallest permitted distance is complicated and no exact rules can be given. Therefofe, in
thesecasesthe measuring distance used—shattbestated:

5.5.2.4 Use of an artificial mouth

In order that the conditions of test are similar to those of actual use, it can be necessary to
introduce extensions of the measurement setup, such as a head and torso simulator when
measuring close-talking and near-field microphones by means of an artificial mouth (see
4.2.2). If measurements are made in such conditions, i.e. in other than with the artificial mouth
in approximately anechoic conditions, details of the measurement shall be provided.

5.5.3 Diffuse field conditions

Some measurements can be made in a diffuse field in which sound waves are propagated
with random incidence. In this case, bands of noise of third-octave width or broadband signals
together with suitable filtering shall be used.
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A diffuse sound field can be approximately realized in a reverberant room characterized by a
sufficiently long duration of reverberation at a sufficiently large distance from the source and
the walls, and above a limiting frequency (see also ISO 354).

The reverberation time T of the empty room is specified in Table 1.

Table 1 — Reverberation time of the empty room

T>

5s

5s

5s

45s

3,5s

2s

At

125 Hz

250 Hz

500 Hz

1000 Hz

2 000 Hz

4 000 Hz

For the determination of the lower frequency limit, the following equation can be used:

I
wherg
V
7
The tegion of measurement shall be chosen at such a distance from the source that the direct
sounf of the source is negligible.

g the volume of the room, in cubic metres;

g the frequency, in hertz.

When an omnidirectional source is used, the minimum distance » (in metres) from the squrce
to the measuring points is given by:

£:2°0,06(V/T)1/2

wherp

14
T

g the volume of the room in-cubic metres;

q the Sabine reverberation time at the frequency f.

NOTE| Multiple uncorrelated noise sources are used successfully to generate stationary diffuse sound fields{under
non-rgverberant conditions:

5.5.4 Microphone coupled to a sound source by means of a small cavity coupler

To determine-the pressure sensitivity of a microphone, a rigid cavity is used to couplge the
sounf squrce to the microphone. This method is useful for obtaining the pressure sensitivity
of a mierophone by comparison with the sensitivity of a calibrated reference microphorje. In
ordertte-obtaira—sufficiently—uniform-soundpressure—inside-the—eavity—thismethed-shal only
be used within the limits of the frequency range where the linear dimensions of the cavity are
less than one-tenth of the wavelength. At low frequencies care shall be taken to eliminate air

leakage.

5.6 Methods of measuring frequency response
5.6.1 Point-by-point and continuous sweep frequency methods

Response curves may be prepared point-by-point, or through the use of a slow continuous
sweep frequency method, or automatically.
a) Point-by-point method

Great care shall be taken to ensure that all significant peaks and troughs of the frequency
response curve are explored. The graph should clearly indicate the measurement points.
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Continuous sweep frequency method

The rate of traversing the frequency range shall be slow enough to ensure that the
resulting curve does not deviate from that which would be obtained under steady state
conditions. Stopping the trace at any instant shall not change the indicated response by
more than +1 dB.

The following additional apparatus may be used:

— equipment capable of automatically maintaining the requisite sound pressure level
over the frequency range concerned;

— an automatic level recorder as output indicator.

omputer algorithms are available to generate signals and to evaluate responses ip the
time domain, as well as in the frequency domain. Some of them are just digital procedures
that replace their analogue ancestors, such as the Fast Fourier TransfonmCfor spegctral
ahalysis. Other algorithms provide new types of test signals and responsésy Most of them
afe applicable if the user takes into account their inherent limitations and requirements. In
cases where existing specified procedures are replaced by new ones for the evaluatipn of
the same characteristic, the user shall ensure that the result is at I€ast as accurate ag with
the old procedure. While new techniques are considered for standardization when pasic
matters of background and their relationship to known propefties have been determlined,
ahy technique may be used for frequency response measufement if it produces the game
sult as the point-by-point or continuous sweep frequency{methods.

-
D

Irrespective of the choice of the point-by-point or automatic method, there are two methods of

condpcting the calibration.

a)

b)

5.7

Substitution method

Al method of measurement of the response of a microphone in which the microphone fo be
calibrated and the standard microphone employed to measure the requisite sjound
pfessure are placed alternately at\the same test points in the sound field. This me¢thod
Idads to the highest accuracy.

Simultaneous comparison method

Fpr reasons of convenience an alternative method for measuring the response |[of a
nlicrophone is sometimes employed in which the microphone to be calibrated and the
standard microphone* employed to measure the requisite sound pressure are placed
simultaneously at two different points normally not widely separated. Care shall be faken
that one microphone is not placed at a more favourable point in the sound field thap the
other. The points chosen shall be such that the results of a response test carried out by
the comparison method agree within £1 dB with the corresponding results obtained bly the
stibstitution method. The simultaneous method may be used only after checking thaf this
Tquirement is met. Compliance with this requirement can be assumed when

-

—L_the sound pressures. measured at the twao different pninm in the free sound field by
means of a calibrated microphone, corresponds within +1 dB, and

— the distance between the microphones is such that the sound pressure at each of the
two microphone points is independent within +1 dB of the presence of the second
microphone at the other point.

Overall accuracy

An overall accuracy of +2 dB or better shall be obtained for the measurement of all types of
microphones.

5.8

Graphical presentation of results

The graphical presentation of measurement results shall conform to the provisions of
IEC 60268-1.
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6 Type description (acoustical behaviour)

6.1 Principle of the transducer

The manufacturer shall specify the principle of the transducer, for example electrostatic
(condenser), electrodynamic, electromagnetic or piezoelectric.

6.2 Type of microphone

The manufacturer shall specify the type of microphone, for example pressure, pressure-
gradient (with acoustical phase shift network, if any), or combination of a pressure and
presgure-gradient microphone, or velocity microphone.

6.3 | Type of directional response characteristics

The [manufacturer shall specify the type of directional response charagdteristics of the
micrgphone, for example omnidirectional, unidirectional, bidirectional (e.g: sphere, cardioid,
supefcardioid, hypercardioid, hemisphere or half-cardioid of revolution).

6.4 | Application

The manufacturer shall specify the intended application or appli¢ations of the microphope to
indicate the primary use for which it is intended, such as far-field, near-field or close-talkipg.

o Fpar-field microphones are intended to be used and{areé measured in approximately plane
pfogressive wave conditions.

o Near-field microphones are typically hand-held by the user and are measured usirlg an
aftificial mouth as the sound source, at a distance of 30 cm.

e (llose-talking microphones are used atwery short distances and are measured using an
aftificial mouth as the sound source, at.a*distance of 25 mm.

Other applications (e.g. for boundary\Nayer or body-contact/Lavalier microphones) mgy be

used|if details are provided for measurement and specification.

7 Terminals and controls

7.1 | Marking

Recdmmendations, for marking the terminals and controls are given in IEC 60268-1:1985,
Clause 5, and JEE€'61938:2013, 9.4.6 and 9.5.5, with the addition of the following requirement,
if the[ microphione conforms to the requirements of IEC 61938, Clause 9.

The polarity shall be indicated by a mark, preferably a coloured dot or a connector pin number
designated in the instruction manual, at that output terminal at which a positive instantarI:ous
voltage is produced by an inward movement of the diaphragm or equivalent, that is an
increase in sound pressure at the principal entry. Marking for safety shall be in accordance
with IEC 60065 or other appropriate safety standard.

Marking of the polarity is recommended if the microphone conforms to the requirements of
IEC 61938. If the polarity is not in accordance with IEC 61938, the polarity shall be marked on
the microphone.

7.2 Connectors and electrical interface values

Connectors and their wiring shall be in accordance with IEC 60268-11 or IEC 60268-12.
Interface values (voltages and impedances) shall be in accordance with IEC 61938.
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8 Reference point and axis

8.1 Reference point

In the absence of clear reason to the contrary, the reference point shall be the centre of the
principal sound entry. Otherwise it shall be stated.

In order to allow unambiguous specification of the reference point, reference axis and polarity,
the manufacturer shall designate a principal sound entry even for a bidirectional microphone.

8.2 —Reference-axis

The feference axis is a line passing through the reference point indicating a recommended
direction of sound incidence specified by the manufacturer. The microphone_shall be so
designed that the recommended direction of sound incidence is obvious to the user.

The reference axis should preferably be perpendicular to the plane of the.principal acqustic
entryl of the microphone and should pass through the centre of the entryt

9 Rated power supply

9.1 | Characteristics to be specified

The [following information shall be specified by thé<¢manufacturer for each microphone
intertLace port to be connected to the power supply and for each position of the power supply
adapfor, if any:

o the type of power supply (phantom, A-B, ete.;"see IEC 61938);

. bwer supply voltage and its upper and Tewer limits;

O

[¢]

irrent drawn from the power supply;expressed in amperes;

—h

o fqr multi-voltage microphones, the voltage-current characteristic.
9.2 | Method of measurement

For measurements, proceed as follows.

a) Tlhe microphone is operated under rated conditions.

b) The current drawn from the power supply is measured in amperes.

10 Electrical impedance

10.1| Jnternal impedance

10.1.1 Characteristic to be specified

The modulus of the internal impedance of the microphone measured between the output
terminals.

If the impedance can be satisfactorily represented by that of a simple network, the values of
the network components may be given. If this is not applicable, the impedance should be
specified as a function of frequency.

10.1.2 Methods of measurement

The internal impedance may be measured by the comparison method or by applying a sound
pressure and measuring the output voltage under different load conditions. Both methods are
indicated below.
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a)

b)

Method 1

The impedance can be measured by means of a measuring bridge. An alternative method
is that of comparison with a known impedance. In the latter case, a constant current from
a high-impedance source is passed through the microphone and the voltage across its
terminals is measured.

The microphone is then replaced by a known resistance, and the procedure repeated.
Comparison of the two values gives the modulus of the impedance directly.

The voltage applied at the microphone terminals shall not exceed the output voltage
generated by the microphone at the overload sound pressure level.

N OFE—AHrite—thre—int 1 ol £ H lo ; £b oo ok aldleo | o ~
o vvire e mrermar mpetancteormeropnomesSTSorte T asSSumet o oeTresStSuveTana— e Toaamp ance

to be resistive, in many cases the internal impedance is complex, such as when there is an output_coupling
capacitor, and the input impedance is also complex, such as when there is a transformer. The combination of
these impedances can result in resonance within the audio band and exacerbation of negative effeets siich as
w|nd noise.

Method 2

The internal impedance can also be computed from the output voltages occurring under
three different conditions of load. Generally speaking, this procedure requires |very
afcurate measuring apparatus.

If thg internal impedance is approximately a pure resistance, thefollowing simple procedure
may pe used to obtain approximate results, which are sufficienfly/accurate for normal prdctice:

10.2| Rated impedance

the microphone is operated under rated conditions;

spund pressure is applied to the microphone and‘the impedance is deduced from the
oltput voltage obtained for different loads. For“example, the impedance Z maly be
calculated from the no-load output voltage U'p.and the output U, obtained when afload
impedance Ry is applied by using the formula;

U’ -Uy
0

z Ry

The Jrated impedance shalk.be specified by the manufacturer. Microphones are genegrally
designed to be connected to a load impedance much higher than the rated impedance|(see
5.4 df this document and 9.1 of IEC 61938:2013), and should not be used with loads Qelow

the minimum permitted{oad impedance.

NOTE| The recommendations of IEC 61938 are based on the assumption that a value of 5 times the|rated
impedpgnce is s@itable in most cases. This load causes the output voltage level to be 1,6 dB below the np-load

voltage.

10.3 | .Rated minimum permitted load impedance

The rated minimum permitted load impedance is the minimum impedance, specified by the
manufacturer, by which the microphone may be terminated.

NOTE The minimum permitted load impedance is a compromise leading to negligible effect on performance.

11 Sensitivity

11.1 General

The sensitivity is the ratio of the output voltage of the microphone to the sound pressure to
which it is exposed.

The sensitivity M is expressed in volts per pascal. If the microphone is not loaded with a
resistance equal to five times the rated impedance, this shall be stated with the results.
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NOTE 1 Normally the ratio gives a complex value, but usually only the amplitudes (with sinusoidal signal) are
considered.

NOTE 2 For practical reasons, values for sensitivity are typically expressed in mV/Pa.

The sensitivity level L,, is the ratio, expressed in decibels, of the sensitivity M to the
reference sensitivity M,.

Ly =20ig M

The feference sensitivity is M, = 1 V/Pa. The following types of sensitivity may be specifigd:

— free-field sensitivity (see 11.2.1) referring to the sound pressure of the undistdrbed free
field (in the absence of the microphone);

— djffuse-field sensitivity (see 11.2.2) referring to the sound pressure of)the undistyrbed
d|ffuse field;

— close-talking sensitivity and near-field sensitivity (see 11.2.3) referring to the sjound
pressure of the undisturbed field at a specified short distance from the human or art|ficial
mouth;

— pressure sensitivity (see 11.2.4) referring to the actual sound pressure at the prircipal
afoustic entrance of the microphone.

Thesg types of sensitivity may be given, if appropriateeither at specified frequencies, within
a specified frequency band, for octave/third-octave bands, or for complex signal inputs. In the
latten case, the characteristics of the signal and. the measuring system shall be spedified.
Defirfition and figures for the sensitivity of microphones should be related to the purpose for
which the microphones are used.

11.2| Sensitivities with respect to acoustical environment
11.21 Free-field sensitivity

11.21.1 Characteristic to be'specified

At a |specific frequency or within a specified frequency band and for a specified directipn of

sounf incidence with respect to the reference axis, the ratio of the output voltage to the sjpund
pressure in the undisturbed free field.

Unle$s otherwise.specified, the undisturbed free field shall be a plane progressive wave with
the wavefront perpendicular to the reference axis of the microphone.

11.21.2 ( Method of measurement

The &ehditions—fermeasurementare—spesifiedinClayses4-—and-5—Afreefieldealibration of
the standard microphone employed to measure the sound pressure is required. It is important
to ensure that the orientation of the standard microphone agrees with the orientation used

during its calibration.

For omnidirectional microphones (pressure type only), the free-field sensitivity in a plane-
wave and that in a spherical wave do not differ from each other, and are equal to the pressure
sensitivity, provided that diffraction effects in the field can be neglected. This is the case
when the lateral dimensions of the microphone are small compared to the wavelength. At low
frequencies, therefore, a spherical wave is sufficient to measure the plane-wave sensitivity of
an omnidirectional microphone (pressure type only). At very low frequencies, free-field
sensitivity and pressure sensitivity can be different owing to the effect of a pressure
equalization vent. For the higher frequency range, the microphone should be measured in the
relevant sound field. If a cone loudspeaker with a diameter not larger than 0,3 m is used as a
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sound source, a suitable minimum distance for the free-field calibration of omnidirectional
microphones (pressure type only) in the audio frequency range is 1 m.

11.2.2 Diffuse-field sensitivity
11.2.2.1 Characteristic to be specified

At a specified frequency or within a specified frequency band, the ratio of the output voltage
to the sound pressure in the undisturbed diffuse field. The diffuse-field sensitivity is equal to
the RMS value of the free-field sensitivities for all directions of sound incidence. The
diffuse-field sensitivity level equals the free-field plane-wave sensitivity level (see 11.2.1)

1 o P~ H XTI Ha-al L 42 2\
mlnu TIC UImTTUlIvIly TTTUTA (oCT TU.4 ).

NOTE| The diffuse field is characterized by the fact that sound waves with random phase are randonily. distrjbuted
over gll directions (random incidence).

Instepd of the diffuse-field sensitivity, the manufacturer may state the free-field plane-wave

sens|tivity and the front-to-random sensitivity index at the same frequency.or“within the $ame
frequency band.

11.22.2 Methods of measurement
The diffuse-field sensitivity can be obtained in two different ways:

a) The diffuse-field sensitivity for a given frequency canybe calculated from the freetfield

sensitivity (see 11.2.1) and the directional pattern (see 13.1) of the microphone in a plane
progressive wave.

Iff the directional pattern has rotational symmetry the relationship between the diffuseffield
sensitivity and the sensitivities at other angles-of incidence dis:

n
M2 %IMz(H)sianH
0

NDPTE Modern computation algorithms allow easy calculation of the integral to any desired accuracy|, thus
allowing the replacement of earlier proposals for calculation with fixed steps every 30°.

b) The diffuse-field sensitivity for a band of frequencies can be measured in a reverbgrant
rpom if the conditionsilaid down in Clauses 4 and 5 are fulfilled. An omnidirectional spund
spurce should preferably be used. A diffuse-field calibration of the standard microphone
employed to measure the sound pressure is required.

11.2/3 Close+talking and near-field sensitivity

11.23.1 ~ Characteristic to be specified

At a specified frequency or within a specified frequency band, the ratio of the output volitage
to the sound pressure in the undisturbed sound field produced by a special source. This
source shall simulate the human head and mouth (artificial mouth) and the reference point of
the microphone shall be placed at a stated distance from the reference point of the source,
the reference axis of the microphone being in a stated orientation with respect to the
reference axis of the source.

11.2.3.2 Method of measurement

An artificial mouth is used as sound source (see 4.2.2). The distance between the reference
point of the source and the reference point of the microphone, unless otherwise stated, shall
be 25 mm for close-talking microphones and 30 cm for near-field microphones. The reference
axis of the microphone shall be coincident with the reference axis of the sound source. If a
different distance and/or orientation is used, it shall be stated with the measurement.
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The standard microphone employed to measure the sound pressure shall be calibrated at the
same distance used in the measurement. It is important that the orientation of the standard
microphone shall be in accordance with the orientation used at the calibration laboratory.
Unless otherwise specified, the diameter of the mouth opening shall be 20 mm.

11.2.4 Pressure sensitivity
11.2.4.1 Characteristic to be specified

At a specified frequency or within a specified frequency band, the ratio of the output voltage
to the actual sound pressure at the acoustic entry of the microphone. This definition is

| + 1 + H L HE Y <l 4+
re e\l meuriTy tU Tl UpTiviic o wWillt UTTe oUuUTIu ©Iitlhy .

The amplitude and phase of the sound pressure shall be kept constant over the sodnd“entry.

11.24.2 Method of measurement

The pressure sensitivity can be measured in a small chamber (coupler, sound calibrator)| The
calibfrator produces the sound pressure, for example, by means of an-oscillating piston|. For
the gxact calculation of the sound pressure the equivalent volume pf the microphone shall be
added to the coupler volume. The upper frequency limit with this (¢alibration is determined by
the dimensions of the pressure chamber. The pressure sensifivity can be derived from the
micrgphone output voltage with known sound pressure in the ghamber.

Omn|directional condenser microphones can be measuted by exciting the diaphragm with an
electrostatic actuator designed for use with the microphone being measured. The grid gf the
actugtor carries a DC voltage on which is superimposed the audio-frequency test voltage.
Without the DC voltage, the microphone output signal is at twice the frequency of thg test
voltape. The electrostatic actuator method may be used only when the results differ|from
coup|er or free-field conditions by less than” +1 dB. This typically requires the use |of a
corrgction curve.

11.3| Rated sensitivity

Ratefl sensitivity is the free-field;diffuse-field, close-talking, or pressure sensitivity assigned
by the manufacturer. The gsated sensitivity corresponds to the response at the standard
reference frequency of 1 000-Hz. If the frequency response is not flat, it is recommended that
the rated sensitivity carresponds to the arithmetic average over a one-octave band df the
logarithmically plotted response, centred on the standard reference frequency of 1 000 Hz.

Unlegs otherwise~specified, the rated sensitivity is understood to refer to the microphone
under rated conditions. The manufacturer may specify the rated sensitivity for a specified| load
impefance._(see 5.4 and 11.1).

12.1 Frequency response
12.1.1 Characteristic to be specified

For stated conditions, the ratio, expressed in decibels, of the output voltage as a function of
frequency of a sinusoidal signal to the output voltage at a stated frequency (or to the mean
output voltage over a narrow band of frequencies) at a constant sound pressure and stated
angle of incidence.

Unless otherwise stated, measurements shall be made in free-field conditions, and the
frequency response refers to a plane progressive wave with the wavefront perpendicular to
the reference axis of the microphone. It is strongly recommended that free-field response be
given to allow evaluation of response to distant sound sources, even if the intended use is
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closer than this would imply. If free-field conditions apply but the sound field is not a plane
progressive wave, sufficient further details shall be specified.

If the microphone is intended for near-field or close-talking applications (see 6.4) the close-
talking or near-field frequency response shall be specified. It shall refer to the same source
and to the same geometrical configuration of source and microphone as those for the
specification of close-talking or near-field sensitivity (see 11.2.3).

Any other frequency response characteristic specified in this document may also be given,
such as sound pressure response or diffuse-field response. Frequency responses not
specified in this document may also be given, for an acoustical environment specified in 5.5,
provided that no confusion is caused.

Tec:rical specifications supplied by the manufacturer shall include frequency response|over
the gffective frequency range (12.2) with the manufacturer’s guaranteed tolerance’ either|as a
numerical value or as graphics superimposed on the response curve.

12.12 Method of measurement

The ¢onditions for obtaining frequency response curves are specified)in Clauses 4 and 5.

12.1)3 Graphical presentation of results

The | graphical presentation of measurement results) shall be in accordance | with
IEC 60268-1:1985, Clause 10.

12.2| Effective frequency range
12.21 Characteristic to be specified

The frequency range over which the response of the microphone does not deviate by more
than fa specified amount from an 'ideali\tesponse for the given purpose.

NOTE| The response regarded as 'ideal' by the manufacturer might not be constant with respect to freqliency.
From |artistic considerations, this might even apply to microphones of the highest quality. For speech-only
microphones, the 'ideal' response gan.be chosen to achieve maximum intelligibility.

12.22 Method of measurement
For g$pecified deviations relative to the specified required frequency response curve the

effecfive frequency.range is obtained from the curve referred to in 12.1.1.

13 Directional characteristics

13.1| Directional pattern

13.1.1 Characteristic to be specified

Curve representing the free-field sensitivity level of the microphone as a function of the angle
of incidence of the sound wave, for a stated frequency or narrow band of frequencies.

The characteristic directional pattern for plane progressive waves shall be stated. Other
measurement conditions such as spherical sound waves may also be used in addition, when
sufficient details are specified. Directional curves shall be provided at a sufficient number of
frequencies or bands of frequencies in order to present adequately the frequency dependence
of the directional pattern. The bands of frequencies shall be the preferred octave or third-
octave bands of frequencies specified in IEC 61260-1.

NOTE It is often useful to specify in addition the ratio, in decibels, of the response at certain specified angles to
the response on axis.
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13.1.2 Methods of measurement

2018

The conditions for measurement are specified in Clauses 4 and 5. The microphone shall be
placed in an essentially plane progressive wave (see 5.5.2). Care shall be taken when
measuring the directional characteristic of a highly directional microphone in an anechoic
room. The inevitable reflections from the boundaries of the room can influence the results,
particularly when the output voltage of the microphone is measured for an angle of sound
incidence for which the sensitivity is low.

NOTE
these in the open air (see 5.5.2).

In order to obtain correct results for microphones of large dimensions it might be necessary to measure

The fneasurement can be carried out in two different ways.

a)

Qirectional response pattern:
the microphone is operated under rated conditions;
2)) the distance between the reference point of the sound source and the reference |point
of the microphone is kept constant during the measurement;
3) the sound pressure is kept constant during the measurement;
the frequency is kept constant during the measurement;
the angle 6 of sound incidence, measured with respect_to the microphone refefence
axis, is varied continuously or step by step, including the angle zero; for the
step-by-step method the angle of sound incidence-is varied in steps, with each|step
small enough that the measured level differencé between any two steps is less|than
3 dB;
for each angle 0the corresponding output veltage U(6) is measured or recorded;
the ratio I'() of the sensitivity of the micrephone at the angle 6 to the sensitivity at the
angle zero is expressed as direct:
u(o)
re)=——-=
(0) 0(0)
of G(6) in decibels:
G(8)=201 U(H)
~0(0)
8) the medsurement is repeated for a number of frequencies, preferred frequencies being
the octave centre-frequencies 125 Hz, 250 Hz, 500 Hz, 1 000 Hz, 2 000 Hz, 4 00D Hz,
8 000"Hz and 16 000 Hz;
9).4f .the microphone has no rotational symmetry, measurements of the direcfional
uhalautcl;ct;u ;II d;l‘fclcllt p:GIIGD thluuyh thc ICfUIUII\JU GA;O Uf thU III;\JIUPhUIIU \v2 n be
necessary;
10)the results shall be presented as a family of polar response curves for the frequencies
given under item 8). The polar response curves shall be drawn in accordance with
IEC 60268-1. The origin of the polar characteristic of the directional pattern shall be
the reference point of the microphone. Unless otherwise specified, the reference axis
of the microphone shall be in the direction zero degree of the polar diagrams.
directional frequency characteristic:
1) the microphone is operated under rated conditions;
2) the angle of sound incidence 6, measured with respect to the microphone reference

3)

axis, is kept constant during the measurement;

the distance between the reference point of the sound source and the reference
of the microphone is kept constant during the measurement;

point
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4) the sound pressure is kept constant during the measurement;

5) the output voltage U(68) of the microphone is measured as a function of the frequency
for a number of discrete angles of sound incidence 6, including the angle zero;

6) the results shall be presented as a family of frequency response curves for the various
angles of incidence @ with respect to the reference axis;

7) from these curves, it is possible to derive the ratio of the sensitivity of the microphone
at the angle 6 to the sensitivity at the angle zero for a specific frequency (polar curve
(see 13.1.2 a)).

13.1.3 Graphical presentation of results

The [graphical presentation of measurement results shall conform to IEC 60268-1:1985,
Clause 10.

13.2| Directivity index
13.2/1 Characteristic to be specified

The [ratio, expressed in decibels, of the output voltage produced )by plane sound waves
arriving in the direction of the reference axis, to the output voltage-produced by diffuse sound
field jhaving the same frequency or frequency band and RMS sound pressure. The freqyency
or frgquency band shall be stated.

13.22 Method of measurement

The directivity index D is given by

D =201g

M gigs

wher

[

My is the free-field sensitivity specified in 11.2.1;
Myiss| is the diffuse-field sensitivity specified in 11.2.2.

14 Amplitude non-linearity

14.1| General

A gé¢neral exXplanation of amplitude non-linearity can be found in IEC 60268-2.| The
characteristics’/to be specified and the methods of measurement of various types of amplitude
non- Iinearity which can be of importance for microphones can be found in 14.2 to [14.4.
near

, high
sound pressure IeveI The dlstortlon shaII be measured under flxed condrtrons of bandwidth
and level specified for different applications.

14.2 Total harmonic distortion
14.2.1 Characteristic to be specified

The ratio, expressed as a percentage or in decibels, of the RMS sum of the harmonic voltage
components in the output voltage to the total RMS output voltage.

Harmonic distortion is one manifestation of amplitude non-linearity. If the sound field
distortion cannot be kept small enough compared to the microphone non-linearity, other
characteristics, for example difference frequency distortion, (see 14.4) shall be used.


https://iecnorm.com/api/?name=1de9361b48834bb218bfb4bf7ba758b1

— 26 — IEC 60268-4:2018 © IEC 2018

14.2.2 Method of measurement

The relevant conditions specified in Clauses 4 and 5 shall be established.

A selective voltmeter, such as a wave analyzer, preceded if necessary by a high-pass filter
which suppresses the fundamental frequency, is connected to the output of the microphone
under test. The measuring device shall indicate the true RMS value of the harmonic
remainder.

The voltage of each of the separate harmonics U,ris measured.

The fotal voltage Uy, including the fundamental frequency, is measured by a wide band |RMS
meter connected to the microphone under test.

The fotal harmonic distortion can be determined by the equations

in percentage:

\/Uzzf +U%f +...+U2nf
= Ut

dy x 100 %

in defcibels:

d
Ly = ZOlg[ﬁj

wherg
d, s the total harmonic distortion;
Unf iis the voltage of the nth harmonics;

U, s the total voltage;

L, is the total harmonic distortion in decibels.

The hon-linearity distertion of the sound field in which the microphone under test is placed
shalllbe much less than'the distortion of the microphone itself (see 14.2.1).

14.3 | Harmonig¢-distortion of the nth order (n = 2, 3,...)

14.3/1 Characteristic to be specified

The hatwionic distortion of the nt" order, expressed in terms of the total voltage.

14.3.2 Method of measurement
The relevant conditions specified in Clauses 4 and 5 shall be established. A selective
voltmeter, such as a wave analyzer, preceded, if necessary, by a high-pass filter which

suppresses the fundamental frequency, is connected to the output of the microphone under
test. The measuring device shall indicate the true RMS value of the harmonic remainder.

The voltage of the separate harmonics U, is measured.

The total voltage, including the fundamental frequency, U; is measured by a wide band RMS
meter connected to the microphone under test.

The harmonic distortion of the nth order can be determined by the equations
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in percentage:
U, .
d, =—L x 100 %
Ut
in decibels:
d
L,, =20Ig m”n
N
The hon-linearity distortion of the sound field in which the microphone under testis p

shall

14.4
14.4,

The

a soy
seled
filter

14.4,

The

be much less than the distortion of the microphone itself (see 14.2.1).

Difference frequency distortion of second order
1 Characteristic to be specified

atio of the signal of frequency f; = 80 Hz at the output of the{microphone when plac
nd field consisting of two sinusoidal signals of frequencies /4, and />, such that /> — f1 = §
ted with an appropriate selective filter, to the signal voltage at the input of the selg
(see IEC 60268-2:1987, 7.2).

2 Method of measurement

measurements are made with two sound seurces, one of which radiates the sign

aced

ed in
0 Hz,
ctive

al of

frequency f1, and the other of frequency f1 = fo = 80 Hz. The sound pressure levels produced

by ed

The
14.11

in pe

in de

ch of the sound sources at the referenge point of the microphone shall be the same.

method of measurement shall follow the procedure described in IEC 60268-3:2

.8. The result is given by
Fcentage
U .
dgy ==L %100 %
' 2U et
cibels

013,

d .
Ly =201g- 2%

UV

with Uyer as the geometric mean of Uy and Up,

where

Uf1

Up

is the voltage of frequency f1 at the output of the microphone produced by the s
pressure from the first sound source;

as for Uy, but for the voltage of frequency f;
is the voltage at the output of the microphone of frequency f; = f> — f1 = 80 Hz.

ound

The distance between the reference points of the sound sources and the microphone under
test is chosen so as to produce the required sound pressure levels at the microphone.
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15 Limiting characteristics

15.1 Rated maximum permissible peak sound pressure

The maximum instantaneous sound pressure of a plane sound wave, specified by the
manufacturer, that the microphone can tolerate without a permanent change of its
performance characteristics, for any direction of sound incidence.

NOTE This characteristic includes the word "rated" because it is specified by the manufacturer as a result of a
series of tests and cannot be reliably measured in one sample (see IEC 60268-2).

15.2 —Overtoad-sotmndpresstre

15.21 Characteristic to be specified

The maximum sound pressure of a plane sound wave at which the amplitude non-linearjty of
the LTicrophone does not exceed a specified limit, for any frequency within the effgctive
frequency range and for any direction of sound incidence. Overload sound’ pfessure Sh:L” be
meagured under rated conditions (see 4.2.2), and also for operation at the'minimum pernmitted
load jmpedance.

NOTE| No common limits have yet been defined, however many data sheets. refer to values of 0,5 % or 1% for
differdnce frequency distortion (14.2.2).

15.2]2 Method of measurement

The microphone is brought under rated conditions and“the overload sound pressure is|then
meagured for different angles of sound incidence by increasing the sound pressure of a|pure
sinudoidal sound until the distortion at the output ©f.the microphone reaches a specified yalue.
The sound pressure shall be stated for the angle” of incidence for which maximum distgrtion
occufs.

NOTE| Non-linearities of the sound sources and of the air can limit the procedure. Difference frequency
measyrements as specified in 14.4.2 at least minimize the influence of loudspeaker non-linearities.

16 Balance

16.1| Balance of the microphone output

Symmetrical meter Balanced, centre-
tapped transformer
Mierophone
under test ~
c 50 Q Test signal
L —
B>t @) g H
N
& 1U'2
IEC

Figure 1 — Balance of the output

Figure 1 shows the measurement set-up shown in IEC 60268-2. Further reference is made to
IEC 60268-3:2013, 14.15. All requirements for balance of source and meter are also valid for
microphone measurements. The load resistor shall have a value of 200 Q. The source impedance
of the test signal U’'» shall be 50 Q. The balance of the measurement device itself shall be
tested without the microphone by replacing it by a 200 Q resistor. The "balance" 5 in decibels
is calculated by
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b= 20IgU—? (see Figure 1)
Uz

The external sound level should be kept as low as possible in order not to influence the
results.

16.2

Balance under working conditions

The procedure specified in 16.1 does not cover interference picked up via the output cable.

With

a modification of the setup in accordance with

Figurle 1, the corresponding voltage U, can be measured (see Figure 2).

To g

Symmetrical meter

Microphone 1 5 m cable
under test screened
]
Sy m— O]
o]
o
Yol

TU 2

IEC

Figure 2 — Balance under working conditions

bt comparable conditions for different mechanical designs of microphones, the test

be mjade including 1,5 m of high-quality cableand with an output load of 1 kQ.

NOTE| A separate measurement of the cable vetifies that its contribution to the result is negligible.

For t
volta

ne measurement, the cable sefeen is disconnected at the microphone output and th
ge inserted. The ratio of the- resulting voltage at the balanced meter to the inter

sourg¢e is calculated in accordance with 16.1.

17 Equivalent sound:pressure level due to inherent noise

171

The
obse

Characteristic to be specified

bxternal sound pressure level that would give the same weighted output voltage
r'ved-when there is no external field, and the output voltage is only due to the inh

noisg of,the microphone. The reference frequency of the external sound pressure level
be the'same as for the rated free-field sensitivity.

shall

test
ring

as is
erent
shall

It shall be specified which value (maximum, average, typical) is given in the specification. The

maxi

mum value is preferred.

NOTE Unless otherwise stated, it is understood that reference is made to free-field conditions and zero angle of

incide

17.2

nce of sound.

Method of measurement

For measurements, proceed as follows.

a) When measuring the inherent electric noise, the microphone shall be isolated against
sound, wind, shock, vibration and electric or magnetic external fields. However, the
microphone shall be in acoustical operating mode (see Note 2).
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NOTE 1 An example for an efficient sound insulation device is given in Annex B.

NOTE 2 It has often been the practice to measure the noise level only of the electronics, using an
“equivalent” circuit to replace the transducer element. This does not accurately measure the noise level of the
complete microphone, due to noise contributed by the transducer element itself.

NOTE 3 Using a modern 40 dB to 60 dB amplifier for this measurement gives enough headroom that the
microphone noise is dominant and there is no need to correct the measurement for amplifier noise.

b) The weighted output voltage of the microphone due to inherent noise is measured, using
the weighted measurements specified in IEC 60268-1:1985. Psophometric, quasi-peak
measurements in accordance with |IEC 60268-1:1985, 6.2.2, shall be included. It is
strongly recommended that Awelghted RMS n0|se measurements in accordance with
IEC < Y v its in

c) ith the microphone replaced by a resistor at room temperature, equal in value tp the
rated impedance of the microphone, the measured output voltage shall be, lgss than one
third of the value measured in step b), so that the wanted result is increased by less|than

% by the internal noise of the measuring equipment and any residual.ekxternal sound.

d) Tlhe equivalent sound pressure due to inherent noise is the ratio ofythe output voltage to
the rated free-field sensitivity.

e) Tlhe equivalent sound pressure level is the ratio, expressed in.decibels, of the equivialent
spund pressure to the reference sound pressure (20 pPa).

18 Ambient conditions

18.1| General

The following characteristics shall be specified.independently of each other. In cases where
interdependencies exist, conditions and effects,shall be specified by the manufacturer.

18.2| Pressure range

The gmbient pressure range over which the characteristics of the microphone do not vary by
more| than £2 dB. If the manufacturer claims that the microphone is suitable for applicatigns in
whicl a high rate of change of ambient pressure occurs (such as an air-borne sound system)
then the maximum tolerablerate of change of the ambient pressure shall also be stated.

18.3| Temperature range

The {emperature range over which the characteristics of the microphone do not vary by more
than 2 dB.

18.4| Relative humidity range

The felative humidity range over which the characteristics of the microphone do not vafy by
more than +2 dB.

19 External influences

19.1 General
19.1.1 Specification and methods of measurement

Microphones are subject to many forms of external interference, which it can be of vital
importance to exclude or limit in particular cases. As, however, external influences by reason
of non-linear effects can give rise to very complicated interference, no generally valid method
of measurement can be given to evaluate all of them. The special case of external influences
known as electromagnetic compatibility is covered in Clause 20. Specifications are subject to
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discussion between supplier and user and can lead to possibly elaborate laboratory and/or
field tests.

The methods of measurement given below (see 19.2 to 19.4) deal only with external
influences from:

— mechanical vibrations;

— wind;

— the "pop" effect.

The methods—given—are—neither—exhaustive—nor—final—but—are—intended—to—provide—useful

guidance.

19.1)2 Other external interferences

For gll external interferences other than those given in this document, specifications shall be
deteimined by agreement between the supplier and the user.

19.2| Equivalent sound pressure due to mechanical vibration

19.21 Characteristic to be specified

For a mechanical vibration, specified by the RMS value of ‘thHe acceleration, frequency and
direction, the equivalent sound pressure due to the vibration, in the absence of a sound ffield.
The pquivalent sound pressure shall be stated for the direction of the vibration for which
maximum influence occurs. The directions for both maximum and minimum influence shall be
state(d.

The ¢quivalent sound pressure may be stateddor vibrations at specified frequencies, or within
a spgcified frequency band having the reference frequency as the geometric mean frequency.
If lingar relations exist, the equivalent sound pressure may be specified as a transmigsion
factor, relating the equivalent sound pressure and the acceleration.

19.22 Method of measurement
For measurements, proceed.as follows.
a) The microphone is-onnected under rated conditions and in a surrounding with sufficiently

low acoustic background signal.

b) A mechanical vibration of a specified RMS acceleration and of a specified frequency| or a
specified ffequency band is applied. The direction of the vibration shall be such| that
aximum_output voltage is obtained.

c) The,RMS output voltage U”% and the RMS acceleration are measured.

d) The equivalent sound pressure is computed from U% and from the rated sensitivity] The
acceleration and the direction of the vibration shall be specified.

e) A test is made to obtain the direction of vibration for minimum influence. This direction is
also specified.

f) The measurement is preferably made with a gliding frequency up to 250 Hz.

g) If a linear relation exists between the equivalent sound pressure and the acceleration, the
transmission factor may be specified. In cases of strong dependency on frequency, more
values or the complete characteristic may be given.

19.3 Equivalent sound pressure due to wind

19.3.1 Characteristic to be specified

For a wind, specified by velocity and direction, the equivalent sound pressure due to the wind
in the absence of a sound field. The equivalent sound pressure shall be stated for the
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direction of the wind for which maximum influence occurs. The directions for both maximum
and minimum influence shall be stated. Besides the weighted wide-band level, the equivalent
sound pressure level may also be stated for octave or third-octave bands in the effective
frequency range of the microphone and for additional wind velocities besides the reference
value of 10 m/s.

19.3.2 Method of measurement

All measurements of wind noise are subject to large variations if the stream of air is turbulent
at the source or develops turbulence between source and microphone. After evaluating
several methods, the wind tunnel method has proven to give the best matching to natural wind
condjtiors—itsowever, stittdifficottomeasurethemature—of thegemerated—witd—and to
descfibe it with enough accuracy. Therefore, at present it is better to specify the generatpr by
mechanical characteristics.

IEC

Key

—h

an with low acoustic noise

et cross-section of wind tunnél

5

nd tunnel

o

mping material

W O -4 > T
=

olitlet cross-sectian of wind tunnel

\
o)

hgth of tunrel
mleasuring\distance between microphone and tunnel outlet

mfcrophone under test

nplifier

weighting filter / band filter (optional)

< s 0=z~
Q

voltmeter

Figure 3 — Measurement set-up for wind influence

Two different solutions have been investigated, a short device with radial fan and a long
device with axial fan (see Figure 4). The first has been installed by several institutions and
has proven to give reproducible results everywhere. Similar experience with the second is not
yet known. Comparative measurements between the first installation and other generators
showed that major differences have to be expected. Therefore, the published wind sensitivity
values shall also state whether machine 1 or machine 2 has been used.

A block diagram of the measurement setup is shown in Figure 3. The microphone under test
is placed at a distance of 25 cm from the outlet of the tunnel. The tunnel is operated in a room
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