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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 stafhdardization comprising
all national electrotechnical committees (IEC National Committees). The objegt| of IEC\ is to promote
international co-operation on all questions concerning standardization in the electyi
this end and in addition to other activities, IEC publishes International Standa
Technical Reports, Publicly Available Specifications (PAS) and Guides
Publication(s)”). Their preparation is entrusted to technical committees; an
in the subject dealt wrth may partrcrpate in this preparatory work P i , ental and non-

“IEC

with the International Organization for Standardization (ISO) in aegco determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matte e 2 as possible, an international
consensus of opinion on the relevant subjects since eac i € iftee has representation from all

interested IEC National Committees.

Publications is accurate, IEC cannot be Xeld
misinterpretation by any end user.

members of its technisal committees andMET National Committees for any personal injury, property damage or
other damage of{an 8 whether direct or indirect, or for costs (including legal fees) and
expenses ari ier; use of, or reliance upon, this IEC Publication or any other IEC
Publication

patent rights. C shalN\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 fifth edition cancels and replaces the fourth edition published in 2010, and constitutes a
technical revision.

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

clarification of Table 5 of classification of characteristics;

— clarification of graphical representation;
— clarification of environmental influences;
— rewritten clause for EMC;

— tolerances and more specific values for noise measurements;
Documents
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— inclusion of near-field response for sound source-to-microphone distances of the order of
30 cm.

The text of this standard is based on the following documents:

CbhV Report on voting
100/2116/CDV 100/2186/RVC

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

the stability date indicated on the IEC web site under
related to the specific publication. At this date, the publicati

e reconfirmed,
e withdrawn,

e replaced by a revised edition, or

O

e amended.

Documents

Document Sharing Hub

Full document details: IEC 60268-4 2014


http://www.avadocuments.com/doc/iec-60268-4-2014
http://www.avadocuments.com/doc/iec-60268-4-2014

-8- IEC 60268-4:2014 © |IEC 2014

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 thexmanufacturer.

For the purposes of this International Standard, a ry i all such devices as
i att of the microphone,

microphone. Further work is negéssa ons andymeasurement procedures for a later replacement
by objective characteristics o ¢ 8_ O ctive descriptions used to describe microphone
performance.

part, are normatively referenced in this document and
For dated references, only the edition cited applies. For
edition of the referenced document (including any

compatibility of multimedia equipment — Immunity

IEC 60268-1:1985, Sound system equipment — Part 1. General
Amendment 1:1988
Amendment 2:1988

IEC 60268-2:1987, Sound system equipment — Part 2: Explanation of general terms and
calculation methods
Amendment 1:1991

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

IEC 60268-5:2003, Sound system equipment — Part 5: Loudspeakers
Amendment 1:2007
Amendment 1:2007

1 To be published. Documents
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IEC 60268-11:1987, Sound system equipment — Part 11: Application of connectors for the
interconnection of sound system components

Amendment 1:1989

Amendment 2:1991

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

Amendment 1:1991

Amendment 2:1994

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) - Pag
measurement techniques - Radiated, radio-frequency, electromagnets
Amendment 1:2007
Amendment 2:2010

esting and

IEC 61000-4-4:2012, Electromagnetic compatibility (Ed Testing and

measurement techniques — Electrical fast transient/burst+m

: 4-6: Testing and
measurement techniques — Immunity to 2 induced by radio-frequency

fields

IEC 61000-4-8:2009, Electromagnetic ik Part 4-8: Testing and
measurement techniques — Power frequen

IEC 61000-4-16, Electromag WIZ) — Part 4-16: Testing and measurement
techniques — Test for [iramunity to , common mode disturbances in the frequency

range 0 Hz to 150 kHz

IEC 61000-4-1 7@

IEC 61260~4; . froacoustics — Octave-band and fractional-octave-band filters —

IEC 61938:2013, imedia 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 6026
following apply. @d’é‘ilﬁ‘ients
Document Sharing Hub
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3.1
far-field microphone
microphone for use at a distance of more than 1 m from the source of sound

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

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

4 General conditions

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

e units and system of measurement;

e frequencies of measurement;
e quantities to be specified and their accuracy
e marking (see also 7.1);

e ambient conditions;

For convenience in 3pecifying how microphones shall be set up for measurement, three sets
of conditions have been defined in this standard, 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 standard:
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);
— rated sensitivity (see 11.3).

Documents
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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:

— rated output voltage;
— rated equivalent sound pressure level due to inherent noise.
Methods of measurement are given in this standard 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 are fulfilled:

— the microphone is connected to the resistive load spesifi
manufacturer;

meeting the free-field conditions j
respect to the reference direction;

— the undisturbed sound pressure (i

than 25 mm from the axtificial moutf
undisturbed sound i
sinusoidal and set

— for near-fiel
complying wit
sound field at

— in the absence. of & clear reason to the contrary, the measurement frequency is 1 000 Hz
(see IEC 60268-7);

— 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 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 periof)@@eldents
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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.

an opening shall be radially symmetrical with respect to the axis of
the microphone.

5.3 Measurement of sound pressure

Id, shall be determined by
using a voltmeter with an input res tan \ he rated impedance of the
microphone, unless otherwise stated turer. If external equipment, such as a
power supply, applies an impedance i ith
taken into account.

— 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
5.5.21 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:

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

— in a duct.
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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+_ijcose
Jkr

where
1 — B is the contribution of the pressure component;

B is the contribution of the pressure gradient compone
k = 2n/A or 2xnflv;

B = 0 for the omnidirectional pressure type;

B = 0,5 for the cardioid type;

B = 1 for the bidirectional pressur

Free-field conditions
microphone if the follo

— within a dist
the microphon
means of a pre

*hind, right, left, above and below the position of
evel is measured at every measuring frequency by

— the caf \l d pfessure levels on axis positioned at different distances from the
loudsp A iffer by more than 0,5 dB from the calculated levels in the ideal

— the values at a~ngarly 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
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:
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r>d

r>d?IA

where

r

d
A

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

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 frg

a) In aduct

problems to be

of cross-modes,
microphone.

b) In a free field

rom the centre of curvature
approximation to a plane

A spherical wave at a distance of
at the lowest frequency of meast
progressive wave.

For measurement of "shotgun" types
smallest permitted distance i i
these cases the measuti

one microphones, determining the
exact rules can be given. Therefore, in

5.5.2.4 Use

Some measuremenis tan 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 1ISO 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

500 Hz

45s
1 000 Hz

3,5s
2 000 Hz

2s

At 125 Hz 250 Hz 4 000 Hz

For the determination of the lower frequency limit, the following equation can he usgocuments
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500
/2 73

where
V is the volume of the room, in cubic metres;
fis 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:

r>0,06(V/T)12

where

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

less than one-tenth of

leakage.
5.6 Methods o;: '

response curve are explored. The graph should clearly indicate the measurement points.
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
Dotifflents

analysis. Other algorithms provide new types of test signals and respcrises. Mos em
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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 whig

leads to the highest accuracy.
b) Simultaneous comparison method

two micrgphone
microphohg at {hfe

5.7 Overall accuvrs

The graphical pre ation of measurement results should conform to the provisions of

IEC 60268-1.

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.
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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, etc.).

6.4 Application profile

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

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

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

Qr specifications if
details are provided.

7 Terminals and controls

7.1 Marking

voltage is prod
increase in sound pfe
with IEC 60065 or o

Marking of the polari ended if the microphone conforms to the requirements of
IEC 61938. [{ the™polarity i ¥ accordance with IEC 61938, the polarity shall be marked on

7.2 Conne etectrical interface values

Connectors and theif 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.

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 should designate a principal sound entry even for a bidirectional microphone.
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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 manufacture
interface port to be connected to the power supply and for each positi
adaptor, if any:

10 Electrical imped

10.1 Internal i 2

10.1.1 Characte

The modulu
terminals.

If the impeda
the network comp
specified as a functig

N De_satisfactorily represented by that of a simple network, the values of
eqts may be given. If this is not applicable, the impedance should be
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.

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 outBt voltargrel
generated by the microphone at the overload sound pressure level. ocuments
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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:

— the microphone is operated under rated conditions;

— sound pressure is applied to the microphone and the impedan

10.2 Rated impedance

The rated impedance shall be specifi ~Microphones are generally
designed to be connected to a load imp \ Han the rated impedance (see
5.4 of this standard and 9.1 of IEC 61938: would not be used with loads below the

NOTE The recommendations “Qf | ¢ assumption that a value of 5 times the rated
impedance is suitable in mpst ca putput voltage level to be 1,6 dB below the no-load
voltage.

The rated minimu
manufacturer, by

pn€dance is the minimum impedance, specified by the
& may be terminated.

NOTE The miR 8 a pedance is a compromise leading to negligible effect on performance.

11 Sen

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.

NOTE Normally the ratio gives a complex value, but usually only the amplitudes (with sinusoidal signal) are
considered.

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

M
Ly =20lg—

r
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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.

latter case, the characteristics of the signal and the measuring
Definition and figures for the sensitivity of microphones should be
which the microphones are used.

11.2 Sensitivities with respect to acoustical environ
11.2.1 Free-field sensitivity
11.2.1.1 Characteristic to be specified

At a specific frequency or within a sp
sound incidence with respect to the refe
pressure in the undisturbed free field.

11.2.1.2 Method of

asure the sound pressure is required. It is important
tandard microphone agrees with the orientation used

when the lateraldimensions 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 due 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 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 r.m.s. 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). Documents
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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 hé diffuse-field

sensitivity and the sensitivities at other angles of incidence Gis:

T

11.2.3.1

At a specified frequen y o ithi ecifi , i

to the sound pr i ound field produced by a special source. This
source shall sim the outh (artificial mouth) and the reference point of
the microphone sha G 1t 9 ed distance from the reference point of the source,

point of the source and the reference point of the microphone, unless otherwise stated, shall
be 25 mm for close<tatking 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.

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 should be kept constant over the Q&g&ments
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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 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 d.c. voltage on which is superimposed the audio-frequency test voltage.
Without the d.c. voltage, the microphone output signal is at twice the fr ncy of the test
differ from
coupler or free-field conditions by less than +1 dB. This typically use of a
correction curve.

11.3 Rated sensitivity

Rated sensitivity is the free-field, diffuse-field, close-talkifAg
by the manufacturer. The rated sensitivity correspgnd RONS
reference frequency of 1 000 Hz. If the frequency reg Iat iNis recommended that
the rated sensitivity corresponds to the arithmetic|avérage ower a~are-octave band of the
logarithmically plotted response, centregd dard re@enc
Unless otherwise specified, the rated™s :

under rated conditions. The manufacturer P the rated sensitivity for a specified load
impedance (see 5.4 and 11.1).

12 Response

12.1 Frequenc<>
12.1.1 Characte

C
=4
[0}
n
»
o
=4
=3
()

" a 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
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 application profiles (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 standard may also be given,
such as sound pressure response or diffuse-field response. Frequency responses not
specified in this standard may also be given, for an acoustical environment specified in 5.5,
provided that no confusion is caused.
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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 should be in accordance with
IEC 60268-1:1985, Clause 10.

12.2 Effective frequency range

12.2.1 Characteristic to be specified

For specified deviations relative to th
effective frequency range is obtained fro

ity level of the microphone as a function of the angle
gtated frequency or narrow band of frequencies.

of the directionai\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.

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. 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: Documents
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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 depending on the
guaranteed accuracy, preferably 10° or 15°;

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

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

eqsitivity at the

r(6) = 40

U(0)

or G(6) in decibels:

8) the measurement is repeated fo
the octave centre-frequencies 1
8 000 Hz and 16 000 Hz;

s, preferred frequencies being
000 Hz, 2 000 Hz, 4 000 Hz,

given un i
IEC 602
the reference

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

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

5) the output voltage U(#) 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 0 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 should conform to IEC 60268-1:1985,
Clause 10.
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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 r.m.s. sound pressure. The frequency
or frequency band shall be stated.

13.2.2 Method of measurement

The directivity index D is given by

D =20lg Mo
diff

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

14 Amplitude non-linearity

14.1 General

can found in IEC 60268-2. The
syrement of various types of amplitude

A general explanation of amplitude
characteristics to be specified and the

non-linearity WhICh can be of |mporta ce i @¢s can be found in 14.2 to 14.4. In
simple cases, S ith lower distortion than that of the
microphone at moderate distortion shall be measured under fixed
conditions of bandwidt rent applications

14.2.1 Characterjs

The ratio, expresse or in decibels, of the r.m.s. sum of the harmonic voltage
components ge to the total r.m.s. output voltage

Harmonis i is one manifestation of amplitude non-linearity. If the sound field
distortion cannot ept” small enough compared to the microphone non-linearity, other

difference frequency distortion, (see 14.4) shall be used.

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 r.m.s. value of the harmonic
remainder.

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

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

The total harmonic distortion can be determined by the equations
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in percentage:

x 100 %

\/Uzzf +U§f +...+U2nf
d, = U

t

in decibels:

d
Ly = 20Ig[ﬁ)

where
d, is the total harmonic distortion;

U,s 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 whig ader test is placed

14.3.1 Characteristic to be specified

The harmonic distortion of the nth ordef, ex ys of the total voltage.

The relevant conditions\sp and 5 shall be established. A selective
voltmeter, such a ) sled, if necessary, by a high-pass filter which
suppresses the@é
test. The measuring d

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).
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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 f», such that /> — /1 = 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 shg

The method of measurement shall follow the procedure descriped
14.12.8. The result is given by

in percentage

in decibels

where @
Un is the volta 0

Up

Uta

The dis S ) reference points of the sound sources and the microphone under
test is chose uce the required sound pressure levels at the microphone.

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 pressd2@EllBAents
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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 proce . Difference frequency
measurements as specified in 14.4.2 at least minimize the influence of loudspeaker pon:lineakiti

16 Balance

16.1 Balance of the microphone output

Symmetrical meter

Microphone

under test

L _

> e (1D
AN

IEC 1474/14

5-Adl requirements for balance of source and meter are also
ants. The load resistor shall have a value of 200 Q. The source

b:2OIgU—,2 (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 15.1 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).
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Symmetrical meter

Microphone 1 5 m cable
under test screened
G
O o — FOREIE
G
o
{e)

I

Figure 2 — Balance under working conditions

IEC 1475/14

To get comparable conditions for different mechanical designs of mi
be made including 1,5 m of high quality cable and with an output load

It shall be speci i
maximum value is\pfe

NOTE Unless othe
incidence of soung.

sound, wind, shock, vibration and electric or magnetic external fields. However, the
microphone shall be in acoustical operating mode (see Note 2).

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 r.m.s. noise measurements in accordance with
IEC 60268-1:1985, 6.2.1, and one-third octave unweighted r.m.s. noise measurements in
accordance with IEC 60268-1:1985, 6.2.3, are also included.
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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 eac ases where

interdependencies exist, conditions and effects shall be specified b

18.2 Pressure range

18.3 Temperature range

The temperature range over which the
than £2 dB.

18.4 Relative humidity

The relative humidity I
more than 2 d

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
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.
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19.1.2 Other external interferences

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

19.2 Equivalent sound pressure due to mechanical vibration
19.2.1 Characteristic to be specified

For a mechanical vibration, specified by the r.m.s. 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 spe Qr within
a specified frequency band having the reference frequency as the ge c

If linear relations exist, the equivalent sound pressure may ansmission

factor, relating the equivalent sound pressure and the accel

19.2.2 Method of measurement
For measurements, proceed as follows.

a) The microphone is connected un
field.

acceleration

e) Atestis ma
also specified.

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
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

b
mechanical characteristics. Ocurﬁents
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&EC 1476x4

Key

F  fan with low acoustic noise

A inlet cross-section of wind tunnel
T  wind tunnel

D damping material

B outlet cross-section of wind tunnel
! length of tunnel

measuring distance betwee
microphone under test

amplifier

weighting filter / d filker (optio
voltmeter

<s 0z~

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
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 |EC 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 250 mm has been chosen to get an amount of
turbulence similar to the natural wind conditions.
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