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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOUND SYSTEM EQUIPMENT -
Part 4: Microphones

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

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

This bilingual version (2019-02) corresponds to the monolingual English version, published in
2018-08.

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: Documents
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Cbv

Report on voting

100/2992/CDV

100/3109/RVC

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.

The French version of this standard has not been voted upon.

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

e amended.

Full document details: IEC 60268-4-2018
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SOUND SYSTEM EQUIPMENT -

Part 4: Microphones

1 Scope

This part of IEC 60268 specifies methods of measurement for the electrical impedance,
sensitivity, directional response pattern, dynamic range and external influences of sound
system microphones, and also details the characteristics to be specified by the manufacturer.

It applies to sound system microphones for all applications for speech and music. It does not
apply to measurement microphones, but it does apply to each audio channel of microphones
having more than one channel, for example for stereo or similar use. It is also applicable to
flush-mounted microphones and to the analogue characteristics of microphones with digital
audio output.

For the purposes of this International Standard, a microphone includes all such devices as
transformers, pre-amplifiers, or other elements that form an integral part of the microphone,
up to the output terminals specified by the manufacturer.

The major characteristics of a microphone are considered in Clauses 6 to 21. Additional
characteristics are considered in Annex A and Annex C.

NOTE The characteristics specified in this document do not describe the subjective response of the microphone.
Further work is necessary to find new definitions and measurement procedures for a later introduction of objective
characteristics for at least some of the subjective descriptions used to describe microphone performance.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

CISPR 35:2016, Electromagnetic compatibility of multimedia equipment — Immunity
requirements

IEC 60268-1:1985, Sound system equipment — Part 1: General
IEC 60268-1:1985/AMD1:1988
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

IEC 60268-11:1987/AMD1:1989

IEC 60268-11:1987/AMD2:1991 Documents
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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 61000-4-3:2006/AMD2:2010

IEC 61000-4-4:2012, Electromagnetic compatibility (EMC) - Part 4-4: Testing and
measurement techniques — Electrical fast transient/burst immunity test

IEC 61000-4-6:2013, Electromagnetic compatibility (EMC) - Part 4-6: Testing and
measurement techniques — Immunity to conducted disturbances, induced by radio-frequency
fields

IEC 61000-4-8:2009, Electromagnetic compatibility (EMC) - Part 4-8: Testing and
measurement techniques — Power frequency magnetic field immunity test

IEC 61000-4-16:2015, Electromagnetic compatibility (EMC) - Part 4-16: Testing and
measurement techniques — Test for immunity to conducted, common mode disturbances in
the frequency range 0 Hz to 150 kHz

IEC 61000-4-17:1999, Electromagnetic compatibility (EMC) - Part 4-17: Testing and
measurement 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 filters —
Part 1: Specifications

IEC 61938:2013, Multimedia systems — Guide to the recommended characteristics of
analogue interfaces to achieve interoperability

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

EN 55103-2:2009, Electromagnetic compatibility — 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.

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

Documents
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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
microphone 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 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.

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

Note 1 to entry: The term "close-talking 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.

4 General conditions

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

e units and system of measurement;

¢ frequencies of measurement;

e quantities to be specified and their accuracy (see also 5.7);
e marking (see also 7.1);

e ambient conditions;

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

e graphical presentation of characteristics;

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 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 thisgﬁiﬂmﬁents
free-field, near-field and close-talking. The differences between these sets ¢f condi
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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:

o rated power supply (see 9.1);
e rated impedance (see 10.2);
e rated sensitivity (see 11.3).

To obtain the correct conditions for measurement, the above-mentioned ratings shall be taken
from the specifications supplied by the manufacturer of the equipment.

The term "rated" applied to other characteristics relates to the specification or measurement
of the particular characteristic under rated conditions or under conditions unambiguously
connected to them. This applies, for example, to the following two characteristics:

e rated output voltage;

e rated equivalent sound pressure level due to inherent noise.

Methods of measurement are given in this document for electrical impedance, sensitivity,
directional pattern, dynamic range and external influences. Where alternative methods are
given, the chosen method shall be specified.

4.2.2 Rated conditions

The microphone is understood to be working under rated conditions when the following
conditions are fulfilled:

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

o if the microphone needs a power supply, this is the rated power supply;

e 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;

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

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

e for close-talking microphones, the microphone is placed at a stated distance, no more
than 25 mm 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 3 Pa (104 dB SPL);

o 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);

e 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;

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

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

o the ambient pressure, relative humidity and ambient temperature are within.the limits
given in IEC 60268-1, and shall be stated. ocuments
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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
manufacturer, before measurements are made, to allow the components to reach the
stationary temperature for rated conditions. If the manufacturer specifies no period, a period
of 10 s shall be allowed for stabilization. If the microphone contains a vacuum tube or other
heating device the time shall be 10 min.

5.2 Sound source

The sound source shall be capable of producing at the microphone position the sound
pressure level as defined for rated conditions. The amplitude non-linearity of the sound
source shall be held to such a value that the effect on the measured response does not
exceed 0,5dB. If the conditions of measurement preclude the possibility of securing
sufficiently low distortion, a narrow-band filter may 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
contained in an enclosure which radiates sound from one well-defined opening 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 pressure.
The reference microphone shall be calibrated with an accuracy of £1 dB at 1 kHz or better.

5.4 Voltage measuring system

The voltage generated by the microphone, when in a sound field, shall be determined by
using a voltmeter with an input resistance negligible to the specified microphone load. This
load is five times the rated impedance of the microphone, unless otherwise stated by the
manufacturer. If external equipment, such as a power supply, applies an impedance in parallel
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

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). Documents
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5.5.2 Free-field conditions
5.5.21 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:

e in open air, ambient noise and wind permitting, or

e in an anechoic room, or

e in a duct.

A sound source of small dimensions with respect to the wavelength produces a spherical
wave 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 used 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 sufficiently
flat frequency response in a plane-wave free sound field (i.e. at a sufficient distance from the
source), 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:

(1—B)+B[1+_chost9

Jkr

where

1 — B is the contribution of the pressure component;

B is the contribution of the pressure gradient component;

k = 2n/1 or 2nflc (A — wavelength, ¢ — speed of sound);

B =0 for the omnidirectional pressure type;

B =0,5 for the cardioid type;

B =1 for the bidirectional pressure gradient type.

At low frequencies, it becomes difficult to realize plane wave conditions in an anechoic room.

A plane wave at low frequencies, below the cut-off frequency of the anechoic room, can
therefore be better produced under other conditions.

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

e 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;

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

e 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 ideal
sound field;

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.
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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?l

where

r is the distance from the source to the measuring point;
d is the effective diameter of the sound source;

A is the sound wavelength.

It is advisable for the distance from the source to the measuring point to exceed three times
the largest dimension of the radiating surface of the source.

5.5.2.3 Plane progressive waves
A plane progressive wave can be obtained either in a duct or in a free field.

a) In a duct

In designing a duct capable of producing useful results, there are many problems to be
solved such as the design of the terminating impedance, the avoidance of cross-modes,
the shape of the original wavefront and the relative dimensions of the duct and the
microphone.

b) In a free field

A spherical wave at a distance of at least half the wavelength from the centre of curvature
at 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 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 broadbﬁd siglrials
together with suitable filtering shall be used. ocuments

Document Sharing Hub

Full document details: IEC 60268-4-2018


http://www.avadocuments.com/doc/iec-60268-4-2018
http://www.avadocuments.com/doc/iec-60268-4-2018

IEC 60268-4:2018 © |IEC 2018 - 15—

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:

500
f= V1/3

where
V is the volume of the room, in cubic metres;
f is the frequency, in hertz.

The region of measurement shall be chosen at such a distance from the source that the direct
sound of the source is negligible.

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

7> 0,08(V/IT)"2

where

V' is the volume of the room, in cubic metres;
T is the Sabine reverberation time at the frequency f.

NOTE Multiple uncorrelated noise sources are used successfully to generate stationary diffuse sound fields under
non-reverberant 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 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.

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 measuremebd @GtéMents
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b) 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.
c) Special computer-based signals and procedures

Computer algorithms are available to generate signals and to evaluate responses in 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 Transform for spectral
analysis. Other algorithms provide new types of test signals and responses. Most of them
are 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 evaluation of
the same characteristic, the user shall ensure that the result is at least as accurate as with
the old procedure. While new techniques are considered for standardization when basic
matters of background and their relationship to known properties have been determined,
any technique may be used for frequency response measurement if it produces the same
result as the point-by-point or continuous sweep frequency methods.

5.6.2 Calibration methods

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

a) Substitution method

A method of measurement of the response of a microphone in which the microphone to be
calibrated and the standard microphone employed to measure the requisite sound
pressure are placed alternately at the same test points in the sound field. This method
leads to the highest accuracy.

b) 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

— 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

The graphical presentation of measurement results shall conform to the prBisions of

IEC 60268-1. ocuments
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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
pressure-gradient microphone, or velocity microphone.

6.3 Type of directional response characteristics

The manufacturer shall specify the type of directional response characteristics of the
microphone, for example omnidirectional, unidirectional, bidirectional (e.g. sphere, cardioid,
supercardioid, hypercardioid, hemisphere or half-cardioid of revolution).

6.4 Application

The manufacturer shall specify the intended application or applications of the microphone to
indicate the primary use for which it is intended, such as far-field, near-field or close-talking.

e Far-field microphones are intended to be used and are measured in approximately plane
progressive wave conditions.

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

e Close-talking microphones are used at very short distances and are measured using an
artificial mouth as the sound source, at a distance of 25 mm.

Other applications (e.g. for boundary layer or body-contact/Lavalier microphones) may be
used if details are provided for measurement and specification.

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.

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 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 reference 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 acoustic
entry of the microphone and should pass through the centre of the entry.

9 Rated power supply

9.1 Characteristics to be specified

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 supply
adaptor, if any:

o the type of power supply (phantom, A-B, etc.; see IEC 61938);
e power supply voltage and its upper and lower limits;
e current drawn from the power supply, expressed in amperes;

e for multi-voltage microphones, the voltage-current characteristic.
9.2 Method of measurement

For measurements, proceed as follows.

a) The microphone is operated under rated conditions.

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

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 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. Documents
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a) 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.

NOTE While the internal impedance of microphones is often assumed to be resistive, and the load impedance
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 effects such as
wind noise.

b) 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
accurate measuring apparatus.

If the internal impedance is approximately a pure resistance, the following simple procedure
may be used to obtain approximate results, which are sufficiently accurate for normal practice:
o the microphone is operated under rated conditions;

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

U's -Uy
-

A Ry

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.

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 pressure to
which it is exposed.

The sensitivity M is expressed in volts per pascal. If the microphone is not Ianréc/".tnﬁents
resistance equal to five times the rated impedance, this shall be stated wit!i thz 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,.

M
Ly =20lg—

r

The reference sensitivity is M. = 1 V/Pa. The following types of sensitivity may be specified:

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

— diffuse-field sensitivity (see 11.2.2) referring to the sound pressure of the undisturbed
diffuse field;

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

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

These types of sensitivity may be given, if appropriate, either at specified frequencies, within
a specified frequency band, for octave/third-octave bands, or for complex signal inputs. In the
latter case, the characteristics 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.

Unless otherwise specified, the undisturbed free field 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-
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)
minus the directivity index (see 13.2).

NOTE The diffuse field is characterized by the fact that sound waves with random phase are randomly distributed
over all directions (random incidence).

Instead of the diffuse-field sensitivity, the manufacturer may state the free-field plane-wave
sensitivity and the front-to-random sensitivity index at the same frequency or within the same
frequency band.

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

a) The diffuse-field sensitivity for a given frequency can be calculated from the free-field
sensitivity (see 11.2.1) and the directional pattern (see 13.1) of the microphone in a plane
progressive wave.

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

g
JMZ(H)sianH
0

2 1
M = >

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°.

b) 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.

11.2.3 Close-talking 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.

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
relevant only to microphones with one sound entry.

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

11.2.4.2 Method of measurement

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

Omnidirectional condenser microphones can be measured by exciting the diaphragm with an
electrostatic actuator designed for use with the microphone being measured. The grid of 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.

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 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 interld@@tHRENtS
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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.

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

12.1.2 Method of measurement

The conditions 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
12.2.1 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.

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 speci
the response on axis. Bmments
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13.1.2 Methods of measurement

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 In order to obtain correct results for microphones of large dimensions it might be necessary to measure
these in the open air (see 5.5.2).

The measurement can be carried out in two different ways.

a) Directional response pattern:
1) 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;
4) the frequency is kept constant during the measurement;

5) the angle & of sound incidence, measured with respect to the microphone reference
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 difference between any two steps is less than
3 dB;

6) for each angle 6 the corresponding output voltage U(6) is measured or recorded;

7) the ratio I'(0) 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(e?):zolgM

u(0)

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 axis
of the microphone shall be in the direction zero degree of the polar diagrams.

b) directional frequency characteristic:
1) the microphone is operated under rated conditions;

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

3) the distance between the reference point of the sound source and the reference point
of the microphone is kept constant during the measurement; Documents
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4) the sound pressure is kept constant during the measurement;

5) the output voltage U(6) 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 0 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 @ 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 having the same frequency or frequency band and RMS sound pressure. The frequency
or frequency band shall be stated.

13.2.2 Method of measurement

The directivity index D is given by

My

D =20lg
M gie

where
My is the free-field sensitivity specified in 11.2.1;
Mgiss  is the diffuse-field sensitivity specified in 11.2.2.

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-linearity which can be of importance for microphones can be found in 14.2 to 14.4.
Nonlinearity of the sound field 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 measured under fixed conditions 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.

Documents

Document Sharing Hub

Full document details: IEC 60268-4-2018


http://www.avadocuments.com/doc/iec-60268-4-2018
http://www.avadocuments.com/doc/iec-60268-4-2018

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

The total harmonic distortion can be determined by the equations

in percentage:

~ \/Uzzf +U%f +...+U2nf

d
t U,

x 100 %

in decibels:

d
Ly = 20Ig[ﬁ)

where

d, s the total harmonic distortion;

Uf is the voltage of the nth harmonics;

U, is the total voltage;

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

14.3 Harmonic distortion of the nth order (n=2,3,..)
14.3.1 Characteristic to be specified

The harmonic distortion of the nth 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 Documents
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in percentage:

U
d =—" %100 %
Ut

in decibels:

d
Ly, = 20Ig( - j

The non-linearity distortion of the sound field in which the microphone under test is placed
shall be much less than the distortion of the microphone itself (see 14.2.1).

14.4 Difference frequency distortion of second order
14.4.1 Characteristic to be specified

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 f1 and f5, such that /> — f1 = 80 Hz,
selected with an appropriate selective filter, to the signal voltage at the input of the selective
filter (see IEC 60268-2:1987, 7.2).

14.4.2 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

in percentage

in decibels

d
1

L., =20lg—L
s 9700

with Ures as the geometric mean of Uy and Up,

where

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

Up  as for Uy, but for the voltage of frequency f;
Usa is the voltage at the output of the microphone of frequency f; = f2 - f1 = 80 Hz.

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 Overload sound pressure
15.2.1 Characteristic to be specified

The maximum sound pressure of a plane sound wave at which the amplitude non-linearity of
the microphone does not exceed a specified limit, for any frequency within the effective
frequency range and for any direction of sound incidence. Overload sound pressure shall be
measured under rated conditions (see 4.2.2), and also for operation at the minimum permitted
load impedance.

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.

16 Balance

16.1 Balance of the microphone output

Symmetrical meter Balanced, centre-
tapped transformer
Microphone
under test /
o 50 Q Test signal
L
€51 P () I H
N
T U'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:ZOlgU—? (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

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

Symmetrical meter

Microphone 1 5 m cable
under test screened
G
Er & €[]t
G
o
w0

TU 2

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.

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

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 angle of
incidence of sound.

17.2 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 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 IEC 60268-1:1985, 6.2.3, are also included.

c) With the microphone replaced by a resistor at room temperature, equal in value to 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) The equivalent sound pressure due to inherent noise is the ratio of the output voltage to
the rated free-field 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.

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 relative 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

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 all external interferences other than those given in this document, specifications shall be
determined by agreement between the supplier and the user.

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.
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 measurements, proceed as follows.
a) The microphone is connected 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 frequency band is applied. The direction of the vibration shall be such that
maximum 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 dueb the wind
in the absence of a sound field. The equivalent sound pressure shall he sta @Quments
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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
conditions. It is, however, still difficult to measure the nature of the generated wind and to
describe it with enough accuracy. Therefore, at present it is better to specify the generator by
mechanical characteristics.

IEC

Key

fan with low acoustic noise

inlet cross-section of wind tunnel

wind tunnel

damping material

outlet cross-section of wind tunnel

length of tunnel

measuring distance between microphone and tunnel outlet
microphone under test

amplifier

weighting filter / band filter (optional)

<spza~wo-H>»m

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 operate @ EERENTS
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not influencing the measurement results, for example an anechoic chamber. The output
voltage of the microphone under wind conditions is measured by the A-weighting filter 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.

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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