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2022

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promiote interna
coloperation on all questions concerning standardization in the electrical and electronic fields/ o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG.Publication(s)”).

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interestedin the subject deqlt with

may participate in this preparatory work. International, governmental and non-governniental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with théAnternational Organizat
Standardization (ISO) in accordance with conditions determined by agreement. between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible _for)ythe way in which they are used or fdg
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence be
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

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

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

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

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

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

aising
on for
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tional
bm all

tional
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tween
latter.

prmity
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hge or
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bns is

patent

This fedline version of the official IEC Standard allows the user to identify the changes que to

revious edition IEC 60645-6:2009. A vertical bar appears in the margin wherever a ¢

ange

has been made. Itions are In green text, deletions are In strikethrough red text.
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IEC 60645-6 has been prepared by IEC technical committee 29: Electroacoustics. It is an
International Standard.

This second edition cancels and replaces the first edition published in 2009. This edition
constitutes a technical revision.

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

a) the nominal test frequency used in DPOAE is now defined as the higher of the two
frequencies, f5;

b) th
c) th
d) th
e) th
f) tH
g) a

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

Full i
the 4

The |

This
acco
at w
desc

A list
Audi

The
stabi
spec

—

q

e permitted deviation of the stimulus signal for TEOAE has been specified;
e frequency range for DPOAE stimulus signals has been redefined,

e stimulus level requirements for TEOAE have been redefined;

e stimulus level requirements for DPOAE have been redefined;

e harmonic distortion requirements for DPOAE have been redefined;

minimum measurement range for DPOAE has been added.

Draft Report ofi voting

29/1109/FDIS 291114/RVD

hformation on the voting for its approval can:be found in the report on voting indicated in

bove table.
anguage used for the development of\this International Standard is English.

document was drafted in accordance with ISO/IEC Directives, Part 2, and develop

ed in

dance with ISO/IEC Directives;-Part 1 and ISO/IEC Directives, IEC Supplement, avalilable

vw.iec.ch/members_expertsirefdocs. The main document types developed by IEC
ibed in greater detail at-http://www.iec.ch/standardsdev/publications.

of all parts in thedEC 60645 series, published under the general title Electroacous
bmetric equipmehnt,)can be found on the IEC website.

are

ics —

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

ity date~indicated on the IEC website under webstore.iec.ch in the data related t
fic document. At this date, the document will be

confirmed,

b the

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

Developments in the field of diagnostic hearing measurement have resulted in a number of
instruments designed to evaluate the otoacoustic emissions of the human ear. Such emissions
may be evoked by acoustic test signals having different spectral and temporal characteristics.

The practical use of such instruments concerns the measurement of sound energy emitted by
the inner ear and its separation from sounds emerging from-ether physiological or-artificial other
sources.

(SFQAE), which comprise part of the otoacoustic emissions, are not covered by this dosuUment.

Confprmance to the performance specification in this document is demonsirated whien a
meaqured deviation from a design goal equals or does not exceed the~correspomnding
acceptance limit(s), and the laboratory has demonstrated that the associated uncertairlty of
meagurement equals or does not exceed the maximum permitted uncertaifity specified in this
document.
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ELECTROACOUSTICS -
AUDIOMETRIC EQUIPMENT -

Part 6: Instruments for the measurement of otoacoustic emissions

1 Scope

This
otoaq

probg¢-pulses-ortones stimuli. This document deflnes the characterlstlcs to be specified b

h usad for approval testing and auidance on methods 'Fnr' undertakinegrottine calibn
gusSec1orap

part of IEC 60645 applies to instruments designed primarily for the measuremg
oustic emissions in the human external-aceustic auditory meatus evoked by\aca

facturer

nt of
ustic
y the
cifies
ftest

ation
Hoh

The
cond

Instriments-which can provide a measurement function-not specifically within the scope of

docu
funct
incor

2 Normative references

The following documents are referred,to in the text in such a way that some or all of their co

cons
For
amer

IEC ¢
simu

IEC {

the measurement of hearing aids and earphones coupled to the ear by means of ear inse

IEC §

Provar—tCotmyg o goutda o o CTtaiaTty To—CatioT

fies minimum mandatory functions for two types of instruments and¢provides perform
fications applicable to both instrument types. This document describes methods to be

briodic calibration.

purpose of this document is to ensure that measurements made under comparablg
tions with different instruments complying with this document will be consig

ment-shal and still comply with-any the relevantrequirements of this document fg

ons that are within the scope. This document_is not intended to restrict developmsg
poration of new features, nor to discourage:innovative approaches.

itutes requirements of this document. For dated references, only the edition cited ap
undated references, the (latest edition of the referenced document (including
dments) applies.

0318-4, Electroacoustics — Simulators of human head and ear — Part 4: Occlude
ator for the measurement of earphones coupled to the ear by means of ear inserts?

0318-5, Electroacoustics — Simulators of human head and ear — Part 5: 2 cm3 coupl

0601-1, Medical electrical equipment — Part 1: General requirements for basic safet)

ance
used

monstrate conformance with the specifications in this document™and guidance on mefhods

test
tent.
this
r the
nt or

ntent
blies.
any

-ear

br for
(ts

and

esse

Ttiat performrarnce

IEC 60601-1-2, Medical electrical equipment — Part 1-2: General requirements for basic safety
and essential performance — Collateral standard: Electromagnetic-compatibitity disturbances —
Requirements and tests



https://iecnorm.com/api/?name=8a016d3ecc887af3bcc041d8032623d5

-8- IEC 60645-6:2022 RLV © IEC 2022

IEC 60645-1:20042017, Electroacoustics —Audiological Audiometric equipment — Part 1: Pure-
tone-audiometers Equipment for pure-tone and speech audiometry

IEC 60645-3:20072020, Electroacoustics — Audiometric equipment — Part 3: Test signals of
short duration

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO Ind IEC maintain terminological databases for use in standardization at)fhe follqwing
addré¢sses:

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

$0 Online browsing platform: available at http://www.iso.org/obp

3.1
otoatoustic emissions
OAE

ge;ﬁraJ—te%m—eevemyg—aH—ty-pes—e# acoustic signals generated in the inner ear which cgn be
reconded in the external-acoustic auditory meatus

NOTE

which

3.2
trangient-evoked otoacoustic emissions
TEOAE

acousgtic signals emitted by the inner ear after stimulation with a stimulus of short duratior

3.3
distqrtion product otoacoustic emissions

DPOAE

acougtic signals generated in the inner ear during stimulation with two pure tones

Note 1 to entry: Thetuf€ tones are frequencies f, and f,, f; being the lower frequency.

Note 2 to entryy~\Fhe frequencies of the DPOAE are given by the formulas for-distertiens—3f,+2f,-fo72/,F
intermodulatiemdistortions (IMD), i.e. 2f, - f,, 2f, — f;, etc.

3,

N

3.4
nominal test frequency
frequency for which a DPOAE measurement is reported

3.5
primary tones
pure-tone stimuli used to evoke DPOAE

3.6

probe

part of the instrument, usually containing acoustic transducers, interfacing the instrument to the
ear


http://www.iso.org/obp
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device used to assist acoustic coupling, to reduce acoustic leakage, to reduce the influence of

environmental noise on measurements and to aid retention of the probe in the external auditory
meatus

3.8

probe signal
acoustic stimulus signal that is emitted into the external auditory meatus by means of a probe

3.9

peaki-to-peak equivalent sound pressure level

peSHL

root [mean squared (RMS) value of a long-duration sinusoidal sound signak which,
compared under the same test conditions with a short-duration output signal froffithe trans

when

ucer

undef test, has the same peak-to-peak value (i.e., difference between the extreme positivg and

the extreme negative values) as the short-duration signal
Note 1 to entry: See IEC 60645-3:20072020, Figure 2.
4 Requirements for specific instruments
Two different types of otoacoustic emission instruments are specified by the requirements for
minimum mandatory functions (see Table 1). Additiopal*functions are not precluded. The two
typeq relate to their presumed primary application (diagnostic/clinical or screening); howgver,
a deyice of one type is not required to comply with the additional specifications of the pther
type.
lastgprmeptbroos
1 iagnostic/clinical: ~Adjustable stimulus —and recording parameters, result shown fin—a
gfaphical format
> S .y . ing . luation, ‘
Table 1 — Mandatory functions for otoacoustic emission instruments
Type
1 2
Di iolelinical S
Automatic test * *
Mantial-test *
Preskatation of results
Display of full result *
Display-of PASS/REFER 2
Di ‘ . . y
o f ianif «
Dici ‘s y
Printout *
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Type
1 2
Diagnostic/clinical Screening

Automatic test X X
Manual test X
Display of PASS/REFER X
Display of detailed result in graphical and/or tabular X
formept
Display of stability of acoustic response in the X
exteqlnal auditory meatus (see 5.2.1)
Display of response quality estimate (see 5.3.7) X
Digithl storage of detailed result X
Expdgrt of full test report X

Typd 1. This type of devices shall include the ability to manually start the test and to adjust the parameters df the
test.

Typd 2. This type of device shall include the ability to automatically start the tesi

5 General specifications

5.1 | Acoustic stimulus system
511 General requirements

Spedfications for the acoustic stimulus system are as given in the relevant parts of Clause 6,
Clauge 8 and Clause 10 of IEC 60645-1:208042017 and Clause 5 of IEC 60645-3:2007202( with
the ejxceptions specified below.

NOTE]| If the instrument is designed\o.also allow the measurement of hearing thresholds, the full text of the reJevant
clausgs of IEC 60645-1:200142017 shbuld-apply applies.

5.1.2 Stimulus types
5.1.211 General

The [general properties and temporal characteristics of the acoustic stimulus signalg are
specffied within 5.1.2.2 and 5.1.2.3 depending on the type of OAE being measured.

5.1.2.2 TEOAE

The full characteristics of the short-duration signal used for the measurements of TEOAE shall
be specified by the manufacturer (i.e., as specified in IEC 60645-3:20072020).

NOTE A series of clicks with different polarity and levels is often used and this is usually referred to as a "non-
linear click series". The specifications found in IEC 60645-3 are applicable to each single click in the series.

5.1.2.3 DPOAE

The stimulus signal used for the measurement of DPOAE shall be composed of two primary
tones with frequencies f; and f,. Although the DPOAE of principal interest is at a frequency of
2f4 — f», the nominal test frequency of the measurement normally refers to-f; /5. If-f f; is used
as the nominal test frequency, this shall be stated by the manufacturer. If additional test signals

are used (such as those used for masking), their full characteristics shall be specified by the
manufacturer.
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5.1.3 Stimulus frequency range
5.1.31 General

The frequency content of the stimulus signal shall, as a minimum, meet the requirements
specified in 5.1.3.2 and 5.1.3.3 depending on the type of OAEs being measured.

5.1.3.2 TEOAE

The frequency spectrum of the transient stimulus signal shall at least cover the range from
0,5 kHz to 4 kHz for Type 1 instruments and the range from 1,5 kHz to 3 kHz for Type 2

S S ars a S S-L--e4 > 28 =S = A 2 O+—== B as

ured in an occluded-ear simulator according to IEC 60318-4 or a 2 cm3 coupler ascofding
C 60318-5, using the ear simulator or 2 cm3 coupler microphone, over the frequendy range.

5.1.3.3 DPOAE

For the measurement of DPOAE, nominal stimulus frequencies between-0,50,75 kHz and § kHz
in atleast three steps per octave shall be provided in instruments of Type 1 and at leasf two
frequencies between 1 kHz and 4 kHz for Type 2. The frequency ratig ef the two primary fones
shall|be stated by the manufacturer and shall normally be from %415 to 1:1,25.-The-getual

frequencies shall not differ from their nominal values by more than =1 %.

The g@cceptance limit of the actual frequencies is £1 %.

5.1.j Stimulus level
1

5.1.4. General

The $ound pressure level of the stimulus signals shall be variable within the ranges spegtified
in 5.1.4.2 and 5.1.4.3 depending on the_type of OAEs. Its actual value within the residual
ear-danal volume shall be measured priorto each recording with the probe microphone.

5.1.4.2 TEOAE
Fhe-gt

of
acco]

For Type 1 instruments, the stimulus level shall be adjustable with a step size no greater{than
5 dBland includesaange of at least 60 dB peSPL to 85 dB peSPL. For Type 2 instrumeints, a
singlg fixed )lével of stimulus is acceptable, and this level shall be stated clearly ip the
documentation/since it impacts on the specificity of screening for a certain level of hearing|loss.
The [stimulbs levels stated shall be measured in an occluded-ear simulator according to
IEC ¢Q818-4 or a 2 cm3 coupler according to IEC 60318-5, using the occluded-ear simulafor or

2 Cm)' L,uupicl |||iu|uphunc.

To combat possible probe placement movement during the test, it is recommended that the
stimulus level be confirmed regularly during data acquisition for both Type 1 and Type 2
instruments.

The acceptance limit of the stimulus signal given above is £1,5 dB.

NOTE Type 2 instruments are expected to provide a stimulus level between 80 dB peSPL and 86 dB peSPL to
maintain compatibility with established neonatal hearing screening programs.
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5.1.4.3 DPOAE

NOTE| Thetevel

[
[
I
[0]

uisition ininstrumentsef Tvhe 1
tHSHHoR-HHRHRSHHHRER Y L

For Tlype 1 instruments, the stimulus levels of the primary tones shall be adjustq,kﬁ&with al step
size ho greater than 5 dB and include a range from 30 dB SPL to 70 dB ” For Type 2
instryments, a single fixed level for each of the two stimuli is acceptable.but’shall be sfated
clearly in the documentation since it impacts on the specificity of screening’for a certain|level
of hefaring loss. This measurement shall be performed in an occluded- simulator accofpding
to IEC 60318-4 orin a 2 cm3 coupler according to IEC 60318-5 using occluded-ear simylator
or 2 ¢m3 coupler microphone. The level L, of the primary tone with% lower frequency shall be

equal to or higher than L, but shall not exceed 90 dB SPL. Q/
N

stimyli level be confirmed regularly during data a ition for both Type 1 and Type 2

instrgments.
\\<2

The g@cceptance limit of the primary tones give&% ove under test conditions is 1,5 dB.

To cpmbat possible probe placement movement during the test, it is recommended thdt the

NOTE| Type 2 instruments are expected to provid s}muli levels that fall between 55 dB SPL and 70 dB SPU at all
signal|frequencies to maintain compatibility with\@ blished neonatal hearing screening programs.

5.1.5 Ha#monieIntermodulatig\q)distortion

Eor MPOA imuli—the total harmonic-distortion-of the-ac
’
0:4-%—The-total-cubic-distoftign-due—to-non-linearinterac

The ntermodulatior’g@tortion due to non-linear interactions between the two primary fones
shalllbe less than % at the clinically important distortion product frequency of 2f; — f5| This
meagqurement be performed in an occluded-ear simulator according to IEC 60318-4|or in
a2c¢ms3co r according to IEC 60318-5 using the microphone and measurement systgm of
the QAE ument. The maximum distortion limit of 0,01 % shall be achieved over the gntire
freql1e\ Qange and stimuli levels offered by the instrument.

NOTE No requirements are specified for TEOAE.

5.2 Test quality assuring system

5.2.1 General Stability of acoustic response in the external auditory meatus

The acoustic conditions in the external auditory meatus shall be checked by measuring the
acoustic response and optionally adapting this to a pre-defined level and waveform. The
acoustic conditions shall be checked again after the data acquisition is completed before the
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probe is removed from the ear and the stability of the measurement shall be derived from these
checks. Optionally, intermediate checks can be performed.

5.2.2

Test quality assurance

The following functions shall be available: ambient noise detection, leak detection, blocked
probe detection.

5.2.3

Individual stimulus recordings

B R e e R e I ]

e e e e

For Type 1 TEOAE instruments, the waveform and/or frequency spectrum)’ef the stimulus

recornded in the external auditory meatus shall be stored. An option may bé&gprovided to display

the sfored results.

Itis recommended that intermediate recordings of this stimulus are gsed to provide an indication

of thg¢ probe stability during the measurement.

5.3 | Measuring system

5.3.1 Units of measurement

Sl units or derived Sl units shall be used. The unitsrof measurement shall be indicated.

5.3.2 Measurement range

Instriments shall be able to measure TEOAE over a range of at least —20 dB SPL to +30 dB

SPL pnd DPOAE over a range of\at least —10 dB SPL to +30 dB SPL.

5.3.3 Accuracy of measurement

The probe miciephone shall measure the actual sound pressure level over the OAE freqyency
. The-acceptance limit for this measurement is +3 dB for frequencies up to 4 kHZ and
atthigher frequencies. If measurement points other than the probe microphone position

rang
+5d
are Usedythen the actual measurement points shall be stated by the manufacturer.

NOTE This performance limit of the standard relates to the probe microphone and input channel calibration accuracy
(see 6.2.3 for details).
5.3.4 Frequency range

The frequency range of the measuring system shall be according to the applicable stimulus
frequency range in 5.1.3 with accuracy defined in 5.3.3.

5.3.5

Noise reduction
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Instruments shall be able to reduce the influence of ambient noise by at least 30 dB in the
relevant frequency range when measured in an occluded-ear simulator according to
IEC 60318-4 or in a 2 cm? coupler according to IEC 60318-5.

NOTE Methods employed to reduce the influence of ambient noise include sound isolation provided by the probe
tip and signal averaging and/or other signal processing techniques.

5.3.6 Response detection

rithm
imulus
artefact rejection system shall be used, and its characterlstlcs shall be specmed by the
manufacturer.

5.3.7 Response quality estimates

the presence of noise (and/or other measurement quality metrics). The method usgd to

The ﬂ)nstrument shall provide indication(s) as to the degree that thepesult is contaminated by
detefmine the degree of contamination shall be described in the documentation.

5.3.8 Normative values

If nofmative values are used (e.g. for calibration, PASS/REFER criteria), the source of {hese
valugs shall be stated in the instruction manual.

5.4 Presentation of results
5414 General

All rglevant information shall be stored and be available on demand. The information shall be
presg¢nted on the display of the.instrument, in electronic form and/or as a paper printout| The
explgnation-of-the relevant information required is given in Table 2.

Table 2 — Documentation of test conditions, parameters and results

Type
1 2
Diagnostic/clinical Screening

Stimplus level X
Reegqrded OAEs Number of epochs or time of recorded X
data
Number of-artefaets epochs or time of rejected data X
Artefact rejection limit X
Graphic display of-full detailed result @ X
Display of PASS/REFER X
Residual noise estimate X
OAE to noise ratio X
2 Oscillegram Waveform (TEOAE) and/or frequency spectrum (TEOAE and DPOAE), respectively.
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6 Demonstration of conformity with specifications

6.1 General

The flollowing procedures shall be used for ens@ring that an instrument meets the specifications
giver] in this document. Guidelines for-routine periodic calibration are described in Clausg 9.

6.2 | Probe signal

6.2.1 Probe signal frequency-spectrum

ear pimulator or—reference 2 cm3 coupler according to IEC 60318-4 and IEC 603[18-5,
respegctively, and according to the instructions provided by the manufacturer. The occludefi-ear
simulator or 2 cm3(coupler to be used and the method of coupling shall be stated by the
manufacturer.

The }robe signal frequency spectrum shall be measured by coupling the probe to an occlyded-

Sinc¢ both_the’occluded-ear simulator and 2 cm3 couplers have % wave resonances withip the
frequency range of typical OAE measurements, the manufacturer shall state clearly whether
the prole signal spectrum is measured using the test-cavity measurement microphone dr the
probériterophone:

6.2.2 Probe signal level and harmonic distortion

The signal level and the harmonic distortion of the probe signal shall be measured by means of
an occluded-ear simulator according to IEC 60318-4 or a-reference 2 cm? coupler according to
IEC 60318-5, to which the probe is coupled with the ear tip placed according to instructions
provided by the manufacturer.

Since both the simulator and 2 cm3 couplers have % wave resonances within the frequency
range of typical OAE measurements, the manufacturer shall state clearly whether the probe
signal spectrum is measured using the cavity measurement microphone or the probe
microphone.
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6.2.3 Probe measurement accuracy

The probe microphone accuracy is determined by measuring the output of the probe microphone
in the presence of a known sound field presented over the range of frequencies stipulated in
5.1.3.

Suggested verification methods are:
— free-field with a calibrated measurement microphone in the same sound field as the probe
microphone;

— the use of a measurement microphone and a test cavity with dimensions such that the first
4 wave resonance is above the highest OAE measurement frequency of the instrument.

If other measurement methods are used, these shall be specified by the manufactufgr

6.3 | Complete system

The performance of the complete test system shall be tested by coupling the probe fo an
occlyded-ear simulator according to IEC 60318-4 or a 2 cm? coupler acpording to IEC 603[18-5,
with [the ear tip placed according to the instructions provided byDthe manufacturerf On
completion of the test, no response shall be detected.

If thg instrument provides automatic PASS/REFER decisigrinafgorithms, these tests shgll be
perfdrmed in the presence of acoustic noise with a typical{frequency spectrum and at af|level
which triggers the noise rejection at least 10 % of the_time. The procedures employed during
this testing and the corresponding results shall be dofumented by the manufacturer.

Somg¢ test equipment specifically designed for néonatal hearing screening cannot perform fhese
tests|in the occluded-ear simulator or 2 cm3 c@upler specified above due to the cavity size. In
this inhstance, the manufacturer shall providéXthe necessary information on how to perform the
functjon test of the complete system usingran alternative neonatal test cavity or ear simulptor.

NOTE| One example of an alternative neqnatal test cavity is given in [IEC 60318-8.

6.4 | Maximum permitted expanded uncertainty of measurements Uy, ax

Tabl¢ 3 spedifies the maximum permitted expanded uncertainty for a coverage factor of [t = 2
accofding-%0" ISO/IEC Guide 98-3, associated with the measurements undertaken in this
document-One set of values for U, is given for conformance testing and periodic calibthion.

max

The expanded uncertainties of measurement given in Table 3 are the maximum permitted for
demonstration of conformance to the requirements of this document. If the actual expanded
uncertainty of a measurement performed by the test laboratory or maintenance service exceeds
the maximum permitted value in Table 3, the measurement shall not be used to demonstrate
conformance to the requirements of this document.
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Table 3 - Values of U, for-basic conformance and periodic calibration measurements

Measured Relevant Basic
quantity subclause number Uax(k=2)
Stimulus levels 5.1.4.2,5.1.4.3 1,0 dB
Stimulus level deviation 5.1.4.3 0,4 dB
Frequency 5.1.3.2,5.1.3.3 0,5 %
Cubie Intermodulation distortion 5.1.5 0,005 %
Meagurement range 5.3.2 1,0 dB
Accyracy of measurement up to 4 kHz 5.3.3 0,7 dB
Accyracy of measurement higher than 4 kHz 5.3.3 1/2)dB
Temperature 7.6.3 0,5°C
Relafive humidity 7.6.3 5%
Amblent pressure 7.6.3 0,1 kPa
6.4 | Function of the complete system
hefunction-of the complete-te em-shall-beprovenb oupling-the probetoano ded-
ear-siimulatoraccordingto C60318-4 or areferencefoupleraccording-to C-60348-51 with
he-dar-tippla according to the instructions provided by the manufacturer and performing

7 General requirements

7.1 Marking

The |nstrument shall be marked with the name of the manufacturer, the type as defin
Clause 4, the model and its serial number—as—well-as—the-identification—of-thetransdug

o e

If a fransducer can.be detached by the user, the transducer and/or the instrument sha
marked or identified, for example with a serial number, to prevent unintended interchan
transfducers,

7.2 Instruction manual

ed in

Il be
je of

An instruction manual shall be supplied with each instrument. In this manual, the manufacturer

shall specify all characteristics as required by this document.

7.3 Safety requirements

Limitations of the applications shall be specified. Instruments shall conform to IEC s
requirements specified in IEC 60601-1-andtEC60601-1-4.

7.4 Immunity to power and radiofrequency fields

afety

Instruments shall meet the requirements of IEC 60601-1-2 for electromagnetic compatibility

(EMC).



https://iecnorm.com/api/?name=8a016d3ecc887af3bcc041d8032623d5

- 18 — IEC 60645-6:2022 RLV © IEC 2022

During, and as a result of any EMC immunity testing, under the EMC test conditions, the
unwanted sound from any air conduction transducer shall not exceed a hearing level
corresponding to 80 dB peSPL when the transducer is coupled to an occluded-ear simulator
according to IEC 60318-4 or a 2 cm3 coupler according to IEC 60318-5. The manufacturer shall
state the settings of the instruments. IEC 60645-1:20042017, 13.3, gives methods for showing
conformity.

7.5 Warm-up time

The maximum warm-up time shall be specified by the manufacturer and shall not exceed 10 min
when the unit has been stored at room temperature. The performance requirements of this
document shall be met after the staited warm-up ume has elapsed and alter any Seiting-up
adjugtments have been carried out in the manner prescribed by the manufacturer.

7.6 | Voltage supply variation and environmental conditions
7.6.1 Mains operation

The $pecifications shall be met-when-any-long-term-deviation-inany-sopphy—veoltage-ormains

L in combination.i ] Aurahlo withi imits_of 10 % Subplvvoltage o b5 %
mainp-frequeney over the full combined ranges of any long-term devdiation in supply voltage of
+10 % and mains frequency +5 %. When any short-term line varjation has occurred that affects
the performance of the instrument, the instrument shall reverito,a mode that will not endanger
the subject under test, nor yield invalid results.

7.6.2 Battery operation

Theananufacturer shall state the limits of battery-voltages within which the specification [shall
be miet, and a suitable indicator shall be provided to inform the operator whether the battery
voltape is within the limits for correct performantce.

7.6.3 Environmental conditions

The $pecifications shall be met for.all combinations of temperature within the range +15 [C to
+35 1C, relative humidity within the range 30 % to 90 %, and static pressure within the range
98 kFa to 104 kPa.

8 Additional characteristics to be specified by the manufacturer

Procedures to mgasure the test quality according to 5.2 shall be specified by the manufacjurer.

9 Routine Periodic calibration

For Hoth"Type 1 and Tvpe 2 instruments, the following parameters shall be-verified at relgtHar
intervals calibrated regularly:

— stimulus characteristics according to manufacturer’s guidelines;

— microphone signal level response to test stimuli delivered by probe-receivers transducers.

NOTE A typical-regular time interval for+eutine periodic calibration is 12 months.

These parameters shall be—verified measured by coupling the probe to an occluded-ear
simulator, according to IEC 60318-4 or a—reference 2 cm?3 coupler according to IEC 60318-5,
with the ear tip placed according to the instructions—and-reference—values provided by the
manufacturer and using reference levels provided by the manufacturer.
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A system test, as detailed in 6.3, shall also be performed to verify the complete system
performance.
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Part 6: Instruments for the measurement of otoacoustic emissions

2022

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promiote interna
coloperation on all questions concerning standardization in the electrical and electronic fields/ o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG.Publication(s)”).

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interestedin the subject deqt with

may participate in this preparatory work. International, governmental and non-governniental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with théAnternational Organizat
Standardization (ISO) in accordance with conditions determined by agreement.hetWeen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Publications is accurate, IEC cannot be held responsible_forythe way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence be
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

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

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

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

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

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

IEC $0645<6~has been prepared by IEC technical committee 29: Electroacoustics. It
Interpational Standard.

aising
on for
pns.

tional
bm all

tional
bf IEC
r any

ations
tween
latter.

pbrmity
br any

s and
hge or
) and
r IEC

bns is

patent

S an

This second edition cancels and replaces the first edition published in 2009. This edition
constitutes a technical revision.

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

edition:

a) the nominal test frequency used in DPOAE is now defined as the higher of the two
frequencies, f5;

b) the permitted deviation of the stimulus signal for TEOAE has been specified;

c) the frequency range for DPOAE stimulus signals has been redefined,

d) the stimulus level requirements for TEOAE have been redefined;

e)

the stimulus level requirements for DPOAE have been redefined;
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f) the harmonic distortion requirements for DPOAE have been redefined;

g) a minimum measurement range for DPOAE has been added.

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

Draft Report on voting

29/1109/FDIS 29/1114/RVD

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

The

This
acco
at w
desc

language used for the development of this International Standard is English.

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, ava

ibed in greater detail at http://www.iec.ch/standardsdev/publications:

A lis of all parts in the IEC 60645 series, published under the general title Electroacous

document was drafted in accordance with ISO/IEC Directives, Part 2, and) developgd in

jlable

vw.iec.ch/members_experts/refdocs. The main document types developed by IEQ are

ics —

Audidmetric equipment, can be found on the IEC website.

The ¢ommittee has decided that the contents of this document will remain unchanged unfil the
stability date indicated on the IEC website under webstore.iec.ch in the data related tp the
speclfic document. At this date, the document will be

e rg¢confirmed,

e withdrawn,

—

gplaced by a revised edition, or

mended.
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INTRODUCTION

Developments in the field of diagnostic hearing measurement have resulted in a number of
instruments designed to evaluate the otoacoustic emissions of the human ear. Such emissions
may be evoked by acoustic test signals having different spectral and temporal characteristics.

The practical use of such instruments concerns the measurement of sound energy emitted by
the inner ear and its separation from sounds emerging from physiological or other sources.

The spontaneous otoacoustic emissions (SOAE) and stimulus frequency otoacoustic emissions

(SFOQAEwhichcomprisepartof theotoacousticemissions,are notcovered by thisdocument.

Confprmance to the performance specification in this document is demonstrated-whien a
meagured deviation from a design goal equals or does not exceed the .corresponpding
acceptance limit(s), and the laboratory has demonstrated that the associated\ uncertainty of
meagurement equals or does not exceed the maximum permitted uncertainty|specified in this
document.
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ELECTROACOUSTICS -
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Part 6: Instruments for the measurement of otoacoustic emissions

Scope

otoagoustic emissions in the human external auditory meatus evoked by acoustic probe st

This
mini

specffications applicable to both instrument types. This document describes methods to be
to de

The

cond|tions with different instruments complying with this document will be consig
Instriments can provide a measurement function not specifically within the scope of
document and still comply with the relevant requirements of this’"document for the functiong that

are within the scope. This document is not intended to restrict development or incorporati

new

2

The

constitutes requirements of this documenti‘For dated references, only the edition cited ap

For
ame

IEC

simulator for the measuremént of earphones coupled to the ear by means of ear inserts

IEC

the measurement of hearing aids and earphones coupled to the ear by means of ear inse

IEC

essehtial performance

and

IEC

IEC

document defines the characteristics to be specified by the manufacturery spe
mum mandatory functions for two types of instruments and provides) perform

purpose of this document is to ensure that measurements made under comparablg

eatures, nor to discourage innovative approaches.

Normative references

flollowing documents are referred to in the.text in such a way that some or all of their co

undated references, the latest ‘&dition of the referenced document (including
ndments) applies.
$0318-4, Electroacoustics.'= Simulators of human head and ear — Part 4: Occlude

$0318-5, Electroacoustics — Simulators of human head and ear — Part 5: 2 cm3 coupl

©0601-1,-Medical electrical equipment — Part 1: General requirements for basic safet)

part of IEC 60645 applies to instruments designed primarily for the measuremgnt of

muli.
Cifies
ance
used

monstrate conformance with the specifications in this document and guidance on mefhods
for periodic calibration.

test
tent.
this

on of

ntent
blies.
any

-ear

br for

(ts

and

0601-1-2, Medical electrical equipment — Part 1-2: General requirements for basic §

tests

60645-1:2017, Electroacoustics — Audiometric equipment — Part 1: Equipment for pure-
tone and speech audiometry

60645-3:2020, Electroacoustics — Audiometric equipment — Part 3: Test signals of

duration

short

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

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

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

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

3.1
otoagoustic emissions
OAE
acouptic signals generated in the inner ear which can be recorded in the external audlitory
meatus

3.2
trangient-evoked otoacoustic emissions

TEOAE

acousgtic signals emitted by the inner ear after stimulation with a stimulus of short duratior

3.3
distgrtion product otoacoustic emissions

DPOAE

acougptic signals generated in the inner ear during stimulation with two pure tones

Note 1 to entry: The pure tones are frequencies f, and f,, f;\being the lower frequency.

Note 3 to entry: The frequencies of the DPOAE are given by the formulas for intermodulation distortions (IMD), i.e.
2f1 _.fzv 2]2 _f1; etc.

3.4
nominal test frequency
frequency for which a DPOAE megasurement is reported

3.5
primpry tones
pure{tone stimuli used-to-evoke DPOAE

3.6
probg
part of the instrument, usually containing acoustic transducers, interfacing the instrument to the
ear

3.7
ear tip
device used to assist acoustic coupling, to reduce acoustic leakage, to reduce the influence of
environmental noise on measurements and to aid retention of the probe in the external auditory
meatus

3.8
probe signal
acoustic stimulus signal that is emitted into the external auditory meatus by means of a probe
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3.9

peak-to-peak equivalent sound pressure level

peSPL

root mean squared (RMS) value of a long-duration sinusoidal sound signal which, when
compared under the same test conditions with a short-duration output signal from the transducer
under test, has the same peak-to-peak value (i.e., difference between the extreme positive and
the extreme negative values) as the short-duration signal

Note 1 to entry: See IEC 60645-3:2020, Figure 2.

4 Requirements for specific instruments

Two different types of otoacoustic emission instruments are specified by the requirements for
minimum mandatory functions (see Table 1). Additional functions are not precluded. The¢ two
typeq relate to their presumed primary application (diagnostic/clinical or screening); however,
a deyice of one type is not required to comply with the additional specificatiens of the pther

type.

Table 1 — Mandatory functions for otoacoustic emission.instruments

Type
1 2
Diagnostic/clinical Screening

Automatic test X X
Mantal test X
Display of PASS/REFER X
Display of detailed result in graphical and/or tabular X
format
Display of stability of acoustic response in the X
extefnal auditory meatus (see 5.2.1)
Display of response quality estimate (see 5:3.7) X
Digithl storage of detailed result X
Expdgrt of full test report X

Typd 1. This type of devices shall include the ability to manually start the test and to adjust the parameters df the
test.

Typqg 2. This type of devicesshall include the ability to automatically start the test.

5 Generalspecifications

5.1 | “‘Acoustic stimulus system

511 General requirements

Specifications for the acoustic stimulus system are as given in the relevant parts of Clause 6,
Clause 8 and Clause 10 of IEC 60645-1:2017 and Clause 5 of IEC 60645-3:2020 with the
exceptions specified below.

NOTE If the instrument is designed to also allow the measurement of hearing thresholds, the full text of the relevant
clauses of IEC 60645-1:2017 applies.

5.1.2 Stimulus types
5.1.21 General

The general properties and temporal characteristics of the acoustic stimulus signals are
specified within 5.1.2.2 and 5.1.2.3 depending on the type of OAE being measured.
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5.1.2.2 TEOAE

The full characteristics of the short-duration signal used for the measurements of TEOAE shall
be specified by the manufacturer (i.e., as specified in IEC 60645-3:2020).

NOTE A series of clicks with different polarity and levels is often used and this is usually referred to as a "non-
linear click series". The specifications found in IEC 60645-3 are applicable to each single click in the series.

5.1.2.3 DPOAE

The stimulus signal used for the measurement of DPOAE shall be composed of two primary
tones with frequencies f; and f,. Although the DPOAE of principal interest is at a frequency of

2f1 —|f>, the nominal test frequency of the measurement normally refers to f,. If f; is used as

the nominal test frequency, this shall be stated by the manufacturer. If additional test,signals
are Used (such as those used for masking), their full characteristics shall be specified by the
manufacturer.

5.1.3 Stimulus frequency range
5.1.311 General

The frequency content of the stimulus signal shall, as a minimum, meet the requirements
specified in 5.1.3.2 and 5.1.3.3 depending on the type of OAEs,being measured.

5.1.3.2 TEOAE

The frequency spectrum of the transient stimulus sigral shall at least cover the range|from
0,5 kHz to 4 kHz for Type 1 instruments and the _range from 1,5 kHz to 3 kHz for Tyjpe 2
instruments. The stimulus level frequency specttum shall be flat within a limit of +5 }B as

meagured in an occluded-ear simulator accordihg to IEC 60318-4 or a 2 cm? coupler accofding
to IEC 60318-5, using the ear simulator or 2°em3 coupler microphone, over the frequency range.

5.1.3.3 DPOAE

For the measurement of DPOAE, inominal stimulus frequencies between 0,75 kHz and 8 kHz in
at legst three steps per octave'.shall be provided in instruments of Type 1 and at leas| two
frequencies between 1 kHz and 4 kHz for Type 2. The frequency ratio of the two primary fones
shall|be stated by the manufacturer and shall normally be from 1:1,15 to 1:1,25.

The @cceptance limit of the actual frequencies is 1 %.

5.1. Stimulus level

5.1.4.1 General

The $ound pressure level of the stimulus signals shall be variable within the ranges spegified
in 5.1.4.2 and 5.1.4.3 depending on the type of OAEs. Its actual value within the residual
ear-canal volume shall be measured prior to each recording with the probe microphone.

5.1.4.2 TEOAE

For Type 1 instruments, the stimulus level shall be adjustable with a step size no greater than
5 dB and include a range of at least 60 dB peSPL to 85 dB peSPL. For Type 2 instruments, a
single fixed level of stimulus is acceptable, and this level shall be stated clearly in the
documentation since it impacts on the specificity of screening for a certain level of hearing loss.
The stimulus levels stated shall be measured in an occluded-ear simulator according to
IEC 60318-4 or a 2 cm3 coupler according to IEC 60318-5, using the occluded-ear simulator or
2 cm3 coupler microphone.
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To combat possible probe placement movement during the test, it is recommended that the
stimulus level be confirmed regularly during data acquisition for both Type 1 and Type 2
instruments.

The acceptance limit of the stimulus signal given above is £1,5 dB.

NOTE Type 2 instruments are expected to provide a stimulus level between 80 dB peSPL and 86 dB peSPL to
maintain compatibility with established neonatal hearing screening programs.

5.1.4.3 DPOAE

For Tyspedinstruments—thestimuluslevels of the primarytones-shallbeadiustablewith-g step
size ho greater than 5 dB and include a range from 30 dB SPL to 70 dB SPL. For~Type 2
instruments, a single fixed level for each of the two stimuli is acceptable but shallkbe’ stated
clearly in the documentation since it impacts on the specificity of screening for a~certain (level
of hefaring loss. This measurement shall be performed in an occluded-ear simufater according
to IEC 60318-4 or in a 2 cm3 coupler according to IEC 60318-5 using the occluded-ear simylator
or 2 ¢m3 coupler microphone. The level L, of the primary tone with the lowef-frequency shall be

equal to or higher than L, but shall not exceed 90 dB SPL.

To cpmbat possible probe placement movement during the test,\ibis recommended thgt the
stimyli level be confirmed regularly during data acquisition for both Type 1 and Type 2
instruments.

The @cceptance limit of the primary tones given above-Guder test conditions is 1,5 dB.

NOTE| Type 2 instruments are expected to provide stimuli levels that fall between 55 dB SPL and 70 dB SPY at all
signallfrequencies to maintain compatibility with established\neonatal hearing screening programs.

5.1.5 Intermodulation distortion

The [ntermodulation distortion due to.non-linear interactions between the two primary fones
shall[be less than 0,01 % at the clinically important distortion product frequency of 2f; — f5] This
meagqurement shall be performed intan occluded-ear simulator according to IEC 60318-4|or in
a 2 cojm3 coupler according to |[EG:60318-5 using the microphone and measurement system of
the QAE instrument. The maximum distortion limit of 0,01 % shall be achieved over the ¢ntire
frequency range and stimuli levels offered by the instrument.

NOTE| No requirements_are specified for TEOAE.
5.2 | Test quality~assuring system
5.2.1 Stability of acoustic response in the external auditory meatus

The pcoustic conditions in the external auditory meatus shall be checked by measuring the
acouptic“response and optionally adapting this to a pre-defined level and waveform.| The
acoustic conditions shall be checked again after the data acquisition is completed before the
probe is removed from the ear and the stability of the measurement shall be derived from these
checks. Optionally, intermediate checks can be performed.

5.2.2 Test quality assurance

The following functions shall be available: ambient noise detection, leak detection, blocked
probe detection.

5.2.3 Individual stimulus recordings

For Type 1 TEOAE instruments, the waveform and/or frequency spectrum of the stimulus
recorded in the external auditory meatus shall be stored. An option may be provided to display
the stored results.
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Itis recommended that intermediate recordings of this stimulus are used to provide an indication
of the probe stability during the measurement.

5.3 Measuring system
5.3.1 Units of measurement

S| units or derived Sl units shall be used. The units of measurement shall be indicated.

5.3.2 Measurement range

Instrgmments shattbe abte to measure TEOAE Over a range of at teast =20 dB—SPtto+30 dB
SPL pnd DPOAE over a range of at least —10 dB SPL to +30 dB SPL.

5.3.3 Accuracy of measurement

The probe microphone shall measure the actual sound pressure level over the, OAE freqyency
rangg. The acceptance limit for this measurement is +3 dB for frequencies ‘'up to 4 kHZ and
+5 dB at higher frequencies. If measurement points other than the probé microphone position
are Used, then the actual measurement points shall be stated by the_ manufacturer.

NOTE| This performance limit of the standard relates to the probe microphone and input channel calibration acg¢uracy
(see §.2.3 for details).

5.3.4 Frequency range

The frequency range of the measuring system shallybe according to the applicable stimulus
frequency range in 5.1.3 with accuracy defined in .5.3:3.

5.3.5 Noise reduction

Instriments shall be able to reduce the.influence of ambient noise by at least 30 dB in the
relevant frequency range when measured in an occluded-ear simulator accordinlg to
IEC ¢0318-4 or in a 2 cm3 coupler aecording to IEC 60318-5.

NOTE| Methods employed to reduce.the influence of ambient noise include sound isolation provided by the|probe
tip angl signal averaging and/or other,signal processing techniques.

5.3.6 Response detection

Instriments that provide an automated PASS/REFER decision algorithm shall document and
makg available the. statistical sensitivity of the algorithm under realistic test conditions pf no
OAE|present (see 6.3). During the measurement, a stimulus artefact rejection system shall be
used| and its\.characteristics shall be specified by the manufacturer.

5.3.7 Response quality estimates

The instrument shall provide indication(s) as to the degree that the result is contaminated by
the presence of noise (and/or other measurement quality metrics). The method used to
determine the degree of contamination shall be described in the documentation.

5.3.8 Normative values

If normative values are used (e.g. for calibration, PASS/REFER criteria), the source of these
values shall be stated in the instruction manual.

5.4 Presentation of results

All relevant information shall be stored and be available on demand. The information shall be
presented on the display of the instrument, in electronic form and/or as a paper printout. The
relevant information required is given in Table 2.
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Table 2 — Documentation of test conditions, parameters and results

Type
1 2
Diagnostic/clinical Screening

Stimulus level X
Number of epochs or time of recorded data X
Number of epochs or time of rejected data X
Artefact rejection limit X
Graphic display of detailed result @ X
Display of PASS/REFER X
Resiflual noise estimate X
OAE|to noise ratio X

a8  \Waveform (TEOAE) and/or frequency spectrum (TEOAE and DPOAE), respectively.

6 Demonstration of conformity with specifications

6.1 General

The flollowing procedures shall be used for ensuring that'an instrument meets the specifications
giver] in this document. Guidelines for periodic calibration are described in Clause 9.

6.2 | Probe signal
6.2.1 Probe signal frequency spectrum

ThesTrobe signal frequency spectrum shall be measured by coupling the probe to an occlyded-
ear dimulator or 2 cm3 coupler accerding to IEC 60318-4 and IEC 60318-5, respectively| and
accofding to the instructions provided by the manufacturer. The occluded-ear simulator or 4 cm3
coup|er to be used and the method of coupling shall be stated by the manufacturer.

Sincg both the occluded-ear simulator and 2 cm3 couplers have Y wave resonances within the
frequency range of typical OAE measurements, the manufacturer shall state clearly whether
i r the

IEC 60318 5 to WhICh the probe is coupled W|th the ear tlp placed accordlng to |nstruct|ons
provided by the manufacturer.

Since both the simulator and 2 cm3 couplers have % wave resonances within the frequency
range of typical OAE measurements, the manufacturer shall state clearly whether the probe
signal spectrum is measured using the cavity measurement microphone or the probe
microphone.

6.2.3 Probe measurement accuracy

The probe microphone accuracy is determined by measuring the output of the probe microphone
in the presence of a known sound field presented over the range of frequencies stipulated in
5.1.3.
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Suggested verification methods are:

— free-field with a calibrated measurement microphone in the same sound field as the probe
microphone;

— the use of a measurement microphone and a test cavity with dimensions such that the first
“a wave resonance is above the highest OAE measurement frequency of the instrument.

If other measurement methods are used, these shall be specified by the manufacturer.

6.3 Complete system

The performance of the complete test sysiem shall be tested by coupling the probe o an
occlyded-ear simulator according to IEC 60318-4 or a 2 cm? coupler according to IEC.603[18-5,
with |the ear tip placed according to the instructions provided by the manufacturer, On
completion of the test, no response shall be detected.

If thg instrument provides automatic PASS/REFER decision algorithms, thesé tests shall be
perfgrmed in the presence of acoustic noise with a typical frequency spectrum and at aflevel
which triggers the noise rejection at least 10 % of the time. The procedures employed during
this testing and the corresponding results shall be documented by the‘manufacturer.

Somg¢ test equipment specifically designed for neonatal hearing sereening cannot perform fhese
tests|in the occluded-ear simulator or 2 cm3 coupler specifiedvabove due to the cavity size. In
this iphstance, the manufacturer shall provide the necessary)information on how to perform the
functjon test of the complete system using an alternative{neonatal test cavity or ear simulptor.

NOTE| One example of an alternative neonatal test cavity is‘given in IEC 60318-8.

6.4 | Maximum permitted expanded uncertainty of measurements Uy, ax

Tablg¢ 3 specifies the maximum permittedvexpanded uncertainty for a coverage factor of [k = 2
accofding to ISO/IEC Guide 98-3, associated with the measurements undertaken in this
document. One set of values for U, IS given for conformance testing and periodic calibration.

The ¢xpanded uncertainties of\measurement given in Table 3 are the maximum permittgd for
demg@nstration of conformance to the requirements of this document. If the actual expanded
unceftainty of a measurement performed by the test laboratory or maintenance service exdeeds
the maximum permitted\value in Table 3, the measurement shall not be used to demonsgtrate
confgrmance to the regquirements of this document.

Table 3 — Values of U,,,,, for conformance and periodic calibration measurements

Measured Relevant Basic

quantity subclause number Uax(k=2)
Stimulus Tevels 51.4.2,5.1.43 1,0 dB
Stimulus level deviation 5.1.4.3 0,4 dB
Frequency 5.1.3.2,5.1.3.3 0,5 %
Intermodulation distortion 5.1.5 0,005 %
Measurement range 5.3.2 1,0 dB
Accuracy of measurement up to 4 kHz 5.3.3 0,7 dB
Accuracy of measurement higher than 4 kHz 5.3.3 1,2 dB
Temperature 7.6.3 0,5°C
Relative humidity 7.6.3 5%
Ambient pressure 7.6.3 0,1 kPa
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7 General requirements

71 Marking

The instrument shall be marked with the name of the manufacturer, the type as defined in
Clause 4, the model and its serial number.

If a transducer can be detached by the user, the transducer and/or the instrument shall be
marked or identified, for example with a serial number, to prevent unintended interchange of
transducers.

7.2 Instruction manual

An instruction manual shall be supplied with each instrument. In this manual, the manufaqturer
shall[specify all characteristics as required by this document.

7.3 | Safety requirements

Limitations of the applications shall be specified. Instruments shall \eonform to IEC safety
requirements specified in IEC 60601-1.

7.4 | Immunity to power and radiofrequency fields

Instriments shall meet the requirements of IEC 60601-1¢2 for electromagnetic compat|bility
(EMQ).

Durirlg, and as a result of any EMC immunity testing, under the EMC test conditions, the
unwgnted sound from any air conduction transducer shall not exceed a hearing |level
corrgsponding to 80 dB peSPL when the transducer is coupled to an occluded-ear simdlator
accofding to IEC 60318-4 or a 2 cm3 coupleraccording to IEC 60318-5. The manufacturer|shall
state| the settings of the instruments. IEC 60645-1:2017, 13.3, gives methods for shqwing
confgrmity.

7.5 | Warm-up time

The haximum warm-up time'shall be specified by the manufacturer and shall not exceed 10 min
when the unit has beensstored at room temperature. The performance requirements of this
document shall be met after the stated warm-up time has elapsed and after any setting-up
adjugtments have bgen’carried out in the manner prescribed by the manufacturer.

7.6 | Voltage(supply variation and environmental conditions

7.6.1 Mains operation

The gpécifications shall be met over the full combined ranges of any long-term deviatipn in
supply voltage of £10 % and mains frequency +5 %. When any short-term line variation has
occurred that affects the performance of the instrument, the instrument shall revert to a mode
that will not endanger the subject under test, nor yield invalid results.

7.6.2 Battery operation

The manufacturer shall state the limits of battery voltages within which the specification shall
be met, and a suitable indicator shall be provided to inform the operator whether the battery
voltage is within the limits for correct performance.

7.6.3 Environmental conditions

The specifications shall be met for all combinations of temperature within the range +15 °C to
+35 °C, relative humidity within the range 30 % to 90 %, and static pressure within the range
98 kPa to 104 kPa.
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8 Additional characteristics to be specified by the manufacturer

Procedures to measure the test quality according to 5.2 shall be specified by the manufacturer.

9 Periodic calibration

For both Type 1 and Type 2 instruments, the following parameters shall be calibrated regularly:

— stimulus characteristics according to manufacturer’s guidelines;

— rrir‘rnphnnn eignal level response o test stimuli delivered hy Ir_\rr\hn transducers
NOTE| A typical time interval for periodic calibration is 12 months.

Thesge parameters shall be measured by coupling the probe to an occluded-ear simujator,
accofding to IEC 60318-4 or a 2 cm3 coupler according to IEC 60318-5, with the €ar tip placed
accofding to the instructions provided by the manufacturer and using reference’levels proyided
by the manufacturer.

A syptem test, as detailed in 6.3, shall also be performed to verify the complete sylstem
perfgrmance.
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Partie 6: Instruments pour la mesure des émissions otoacoustiques
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AVANT-PROPOS

5 Spécifications techniques, des Rapports techniques, des Spécifications accessibles au“public (PAS)
ides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée & des’comités d'étud

vaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis
ernationales, gouvernementales et non gouvernementales, en liaison avec I'lEC; participent égaleme
vaux. L'IEC collabore étroitement avec I'Organisation Internationale de.Nermalisation (ISO), selo
hditions fixées par accord entre les deux organisations.

5 décisions ou accords officiels de I'|EC concernant les questions techniques représentent, dans la mes
5sible, un accord international sur les sujets étudiés, étant donné que‘les/‘Comités nationaux de I'lEC inté
ht représentés dans chaque comité d’études.

5 Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous les_€fforts raisonnables sont entrepris afin qug
ssure de I'exactitude du contenu technique de ses publications; I'l[EC ne peut pas étre tenue responsa
entuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

ns le but d'encourager l'uniformité internationale, les;*Comités nationaux de I'lEC s'engagent, dans tg
sure possible, a appliquer de fagon transparente_le's Publications de I'lEC dans leurs publications nati
régionales. Toutes divergences entre toutesxRublications de I'IEC et toutes publications national
ionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

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

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

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

ttention‘est attirée sur le fait que certains des éléments de la présente Publication de I'l|EC peuvent faire
droits”“de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels drg

br

us les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.

Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatigfi-composée
I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC ‘a pour objet de
oriser la coopération internationale pour toutes les questions de normalisation dans. les domainges de
ectricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes internationales,
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L’IEC 60645-6 a été établie par le comité d’études 29 de I'|EC: Electroacoustique. Il s’agit d'une
Norme internationale.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2009. Cette édition
constitue une révision technique.


https://iecnorm.com/api/?name=8a016d3ecc887af3bcc041d8032623d5

IEC 60645-6:2022 © |EC 2022 -21-

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

a)

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

Ler

La lapgue employée pour I’élaboration de cette Norme.internationale est 'anglais.

Ce dpcument a été rédigé selon les Directives ISQ/IEC, Partie 2, il a été développé selo
Diredqtives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, dispon
sous|www.iec.ch/members_experts/refdocs*Les principaux types de documents dévelo
par 'lEC sont décrits plus en détail sous-http://www.iec.ch/standardsdev/publications.

Une |liste de toutes les parties,de la série IEC 60645, publiées sous le titre geé
Elecfroacoustique — Appareils audiométriques, peut étre consultée sur le site web de I'lE(

Le cgmité a décidé que le contenu de ce document ne sera pas modifié avant la date de st3
indiguée sur le site web_de I'lEC sous webstore.iec.ch dans les données relatives au docu
rechgrché. A cette dateyle document sera

la fréquence d’essai nominale utilisée dans les émissions otoacoustiques de produit de
distorsion (DPOAE - Distortion Product Otoacoustic Emissions) est désormais définie

comme la plus élevée des deux fréquences, f5;

I’écart permis du signal de stimulus pour les émissions otoacoustiques évoq
transitoires (TEOAE — Transient-Evoked Otoacoustic Emissions) a été spécifié;

la plage de fréquences pour les signaux de stimulus des DPOAE a été redéfinie;

les exigences relatives au niveau de stimulus pour les TEOAE ont été redéfinies;

uées

gs exigences relatives au niveau de stimulus pour les DPOAE ont été redéfinies;

gs exigences relatives a la distorsion harmonique pour les DPOAE ont été redéfinies;
uhe étendue de mesure minimale pour les DPOAE a été ajoutée.

Projet Rapport de vote
29/1109/FDIS 29/1114/RVD

reconduit,
stipprimeé;
remplacé*par une édition révisée, ou

aménde.

pport de vote indiqué dans le tableau ci-dessus donne tqQute information sur le vote ayant
abouti a son approbation.
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INTRODUCTION

Les développements dans le domaine du mesurage de 'audition a des fins de diagnostic ont
permis la conception de différents instruments permettant d'évaluer les émissions
otoacoustiques de l'oreille humaine. Ces émissions peuvent étre évoquées par des signaux
acoustiques d’essai ayant différentes caractéristiques spectrales et temporelles.

L’utilisation pratique de ces instruments concerne le mesurage de I'énergie acoustique émise
par l'oreille interne et sa séparation des sons provenant de sources physiologiques ou autres.

15) et
ustic
Emisjsions), qui comprennent une partie des émissions otoacoustiques, ne sont pas couvgrtes
présent document.

La cganformité aux spécifications de performances du présent document est démontrée loflsque
I'écart mesuré par rapport a un objectif de conception est inférieur ou égalia’la ou aux limites
d'acdeptation correspondantes et que le laboratoire a démontré que (incertitude de megsure
assogiée est inférieure ou égale a lincertitude maximale admise specifiée dans le prIsent
document.
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ELECTROACOUSTIQUE -
APPAREILS AUDIOMETRIQUES -

Partie 6: Instruments pour la mesure des émissions otoacoustiques

1 Domaine d’application

La présente partie de I'lEC 60645 s’applique aux instruments congus principalement_pdur le
mesyrage des émissions otoacoustiques dans le conduit auditif externe humaingui|sont
évoqlées par des stimuli provenant d’'une sonde acoustique. Le présent document{définiit les
caragtéristiques a spécifier par le fabricant, spécifie les fonctions obligatoires minimales|pour
deux|types d’instruments et fournit des spécifications de performance applicables a ces |[deux
typeq d’instruments. Le présent document décrit les méthodes a utiliser_potur démontrer la
confgrmité aux spécifications du présent document et des recommandations relative§ aux
méthpdes d’étalonnage périodique.

Le présent document a pour objet d’assurer que des mesurages réalisés dans des conditions
d’esdai comparables avec différents instruments conformgs-—au présent document |sont
cohéfents. Il est possible que les instruments assurent une fenction de mesure qui ne releve
pas ppécifiquement du domaine d’application du présent document et soient cependant
confgrmes aux exigences pertinentes du présent doegument concernant les fonction$ qui
reléevent du présent domaine d’application. Le présent document n’est pas destiné a limiter
I'élaboration ou I’'ajout de nouvelles caractéristiques ni a décourager les approches innovantes.

2 Reéférences normatives

Les documents suivants sont cités dansde texte de sorte qu’ils constituent, pour tout ou partie
de lgur contenu, des exigences du, présent document. Pour les références datées, seule
I’éditlon citée s’applique. Pour les références non datées, la derniére édition du documept de
référence s'applique (y compriscles éventuels amendements).

IEC §0318-4, Electroacaoustique — Simulateurs de téte et d’oreille humaines — Parie 4:
Simulateur d’oreille occluse pour la mesure des écouteurs couplés a l'oreille par des embouts

IEC §0318-5, Electroacoustique — Simulateurs de téte et d’oreille humaines — Partie 5:
Coupleur de 2 ¢m3 pour la mesure des appareils de correction auditive et des écouteurs coliplés
a l'orgille par.des embouts

IEC 60601-1, Appareils électromédicaux — Partie 1. Exigences générales pour la sécurité de
s O

baSC a rmancnc nconntinllac
©
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IEC 60601-1-2, Appareils électromédicaux — Partie 1-2: Exigences générales pour la sécurité
de base et Iles performances essentielles — Norme collatérale: Perturbations
électromagnétiques — Exigences et essais

IEC 60645-1:2017, Electroacoustique — Appareils audiométriques — Partie 1: Appareils pour
l'audiométrie tonale et vocale

IEC 60645-3:2020, Electroacoustique — Appareils audiométriques — Partie 3: Signaux d'essai
de courte durée

Guide ISO/IEC 98-3, Incertitude de mesure — Partie 3: Guide pour I'expression de l'incertitude
de mesure (GUM:1995)
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3 Termes et définitions

Pour

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

2022

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

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

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

3.1

OAE

term¢ général qui couvre tous les types de signaux acoustiques générés dans I'ereille in

qui p

Note 1
emiss

émislsions otoacoustiques

puvent étre enregistrés dans le conduit auditif externe

a larticle: L’abréviation “OAE” est dérivée du terme anglais développé correspondant “otoad

ons".

erne

oustic

3.2

émislsions otoacoustiques évoquées transitoires

TEOAE

signdux acoustiques émis par I'oreille interne aprés stimulation<par un stimulus de courte qurée
Note 1 a l'article: L’abréviation “TEOAE” est dérivée du terme anglais ‘développé correspondant “transient-gvoked
otoacqustic emissions”.

3.3

émisjsions otoacoustiques de produit de distorsion

DPOAE

signgux acoustiques générés dans l'oreille interne au cours de la stimulation avec deux|[sons
purs

Note 1 a l'article: Les sons purs sont les\frequences f, et f,, f; correspondant a la fréquence la plus basse.

Note 4 a l'article: Les fréquences des’DPOAE sont données par les formules des distorsions d’intermoddylation
(IMD 1 intermodulation distortion),(c’est-a-dire 2f, - f,, 2f, - f;, etc.

Note § a l'article: L’abréviation**“DPOAE” est dérivée du terme anglais développé correspondant “distortion pfoduct
otoacqustic emissions”.

3.4

fréquence d’essai nominale

fréguence pgun laquelle un mesurage de DPOAE est consigné

3.5

sons-primaires

stimuli de son pur utilisés pour évoquer les DPOAE

3.6

sonde

partie de linstrument, contenant généralement des transducteurs acoustiques, qui assure
I'interface entre I'instrument et I'oreille

3.7

embout
dispositif utilisé pour faciliter le couplage acoustique, pour réduire les fuites acoustiques, pour
réduire I'influence du bruit environnemental sur les mesurages et pour aider au maintien de la
sonde dans le conduit auditif externe


http://www.iso.org/obp
https://iecnorm.com/api/?name=8a016d3ecc887af3bcc041d8032623d5
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