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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROACOUSTICS -
AUDIOMETRIC EQUIPMENT -

Part 1: Equipment for pure-tone audiometry

FOREWORD

all national electrotechnical committees (IEC National Committees). to promote
international co-operation on all questions concerning standardization in the el ic fields. To
this end and in addition to other activities, IEC publishes International Staridards i pecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guide as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; ational Committee interested
in the subject dealt with may participate in this preparatory work. ional amehtal and non-
governmental organizations liaising with the IEC also participate i ation. collaborates closely

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mat s e » possible, an international
consensus of opinion on the relevant subjects since e i i Has representation from all
interested IEC National Committees.

Publications is accurate, IEC cannot be held responsible in which they are used or for any
misinterpretation by any end user.

transparently to the maximun i ' 4l and regional publications. Any divergence
between any IEC Publicatiot S regional publication shall be clearly indicated in

the latter.

5) IEC itself does not provid z i nity. Independent certification bodies provide conformity
assessment services and, i ) € o0 IEC marks of conformity. IEC is not responsible for any
services carried@ - arti i

6) All users should ensure edition of this publication

, employees, servants or agents including individual experts and
EC National Committees for any personal injury, property damage or
2 r, whether direct or indirect, or for costs (including legal fees) and

cation, use of, or reliance upon, this IEC Publication or any other IEC

International Standard IEC 60645-1 has been prepared by IEC technical committee 29:
Electroacoustics.

This third edition cancels and replaces the second edition, published in 2001, and
IEC 60645-4 published in 1994. It constitutes an editorial revision.

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

FDIS Report on voting
29/754/FDIS 29/757/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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A list of all parts of the IEC 60645 series can be found, under the general title
Electroacoustics, on the IEC website.

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

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
* amended.

@%
S
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INTRODUCTION

Developments in the field of hearing measurements for diagnostic, hearing conservation and
rehabilitation purposes have resulted in the availability of a wide range of audiometers. In
addition it is possible to consider the audiometer in terms of a set of functional units which
can be specified independently. By specifying these functional units it is then possible to
specify the performance of other audiometric equipment which use these units. IEC 60645
series consists of a number of parts. IEC 60645-1 is the first in the series and covers the
requirements for pure tone audiometers.

This standard describes equipment which is designed for the measurement of hearing in the
frequency range from 125 Hz to 16 000 Hz.

The test requirements to demonstrate conformity are now
to the specifications in this standard is demonstrated onl
extended by the actual expanded uncertainty of measut

edition of IEC 60645-1,
while the tolerances as applicable to the testi eter are increased by U,

audiometry
IEC 60645-2, Audiome

IEC 60645-3, Electr LS netric equipment — Part 3: Test signals of short
duration

IEC 60645-4 1 { t 4: Equipment for extended high-frequency audiometry

IEC 60645-6, Electrdacoustics — Audiometric equipment — Part 6: Instruments for the
measurement of otoacoustic emissions

IEC 60645-7, Electroacoustics — Audiometric equipment — Part 7: Instruments for the
measurement of auditory brainstem responses
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ELECTROACOUSTICS -
AUDIOMETRIC EQUIPMENT -

Part 1: Equipment for pure-tone audiometry

1 Scope

This part of IEC 60645 specifies general requirements for audiometers and particular
requirements for pure-tone audiometers designed for use in determining hearing threshold
levels, relative to standard reference threshold levels established by means of psychoacoustic
test methods.

The object of this standard is to ensure:

performed with different audiometers which
substantially the same results;

tandard shall give

b) that the results obtained represent a valid co e hearing of the ear
tested and the reference threshold of hearing

c) that audiometers are classified &
according to the mode of operation
functions they test.

test signals they generate,
lexity of the range of auditory

The following documents N 3 normatively referenced in this document and
are indispensableg for its i d references, only the edition cited applies. For
undated refere S, the referenced document (including any

for the calibration of supra-aural earphones used in audiometry

IEC 60318-4, Electroacoustics — Simulators of human head and ear — Part 4: Occluded-ear
simulator for the measurement of earphones coupled to the ear by means of ear inserts

IEC 60318-5, Electroacoustics — Simulators of human head and ear — Part 5: 2 cm?® coupler
for the measurement of hearing aids and earphones coupled to the ear by means of ear
inserts

IEC 60318-6, Electroacoustics — Simulators of human head and ear — Part 6: Mechanical
coupler for the measurement of bone vibrators

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

IEC 60645-2, Audiometers — Part 2: Equipment for speech audiometry
IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications
ISO 266, Acoustics — Preferred frequencies

ISO 389-1, Acoustics — Reference zero for the calibration of audiometric equipment — Part 1:
Reference equivalent threshold sound pressure levels for pure tone d supra-aural
earphones

ISO 389-4:1994, Acoustics — Reference zero for the ¢
Part 4: Reference levels for narrow-band masking hoise

ISO 389-8, Acou
Reference equi

earphones

conduction audiome

ISO 8253-2, Acoustics — Audiometric test methods — Part 2: Sound field audiometry with pure-
tone and narrow-band test signals

ISO 8253-3, Acoustics — Audiometric test methods — Part 3: Speech audiometry

3 Terms and definitions

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

31

equipment for pure-tone audiometry

pure-tone audiometer

instrument for the measurement of hearing for pure tones and in particular the threshold of
hearing

Note 1 to entry The pure-tone audiometer may be either of a fixed or continuous sweep frequericy tyQ‘)cumenlts
Document Sharing Hub
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3.2
manual audiometer
audiometer in which signal presentations and recording of results are performed manually

3.3

automatic-recording audiometer

audiometer in which signal presentations, hearing level variation, frequency selection or
frequency variation, and recording of subject’s responses are implemented automatically

Note 1 to entry Hearing level change is under subject’s control and is recorded automatically.

3.4

equipment for speech audiometry

speech audiometer

instrument for the measurement of hearing for speech test material

3.5
air conduction
transmission of sound through the external and middle ear 1o

3.6
bone conduction

stimulation of the inner ear mediated primarily by ation™of the cranial bones

3.7

extended high frequency
EHF

audiometric test frequency in the rang

3.8

otologically no
person in a norm
from obstructing

3.9

force of application.of the earphone to a human ear, the sound pressure level set up by the
earphone in a specified ear simulator or acoustic coupler when the earphone is activated by
that electrical input which, with the earphone applied to the ear concerned, would correspond
to the threshold of hearing

3.10

equivalent threshold force level

monaural listening

for a given ear, at a specified frequency, for a specified configuration of bone vibrator on a
specified mechanical coupler, the force level set up by the bone vibrator in a specified
mechanical coupler when the bone vibrator is activated by that voltage which, with the bone
vibrator applied to the mastoid prominence or to the forehead, would correspond to the
threshold of hearing

Note 1 to entry  This definition requires the non-test ear to be masked in accordance with 1ISO 389-4.

Documents
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3.1

reference equivalent threshold sound pressure level

RETSPL

at a specified frequency, the median, mean or modal value of the equivalent threshold sound
pressure levels of a sufficiently large number of ears of otologically normal persons of both
sexes aged between 18 years and 25 years inclusive, expressing the threshold of hearing in a
specified ear simulator or acoustic coupler for a specified earphone

Note 1 to entry Values of RETSPL are specified in ISO 389-1, ISO 389-2, ISO 389-5 and ISO 389-8.

Note 2 to entry Some parts of the ISO 389 series specify reference equivalent threshold levels for the age group
18 years to 30 years inclusive.

3.12
reference equivalent threshold force level
RETFL

3.13
hearing level of a pure tone
HL

specified ear simulator,
RETSPL or RETVFL

3.14
hearing thresh

at a specified frequene
Note 1 to entry

3.15

ear simulato

Note 1 to entry Two types of ear simulator are specified in IEC 60318-1 and IEC 60318-4.

3.16

acoustic coupler

device for measuring the acoustic output of sound sources where the sound pressure is
measured by a calibrated microphone coupled to the source by a cavity of predetermined
shape and volume which does not necessarily approximate the acoustical impedance of the
normal human ear

Note 1 to entry Two types of acoustic coupler are specified in IEC 60318-3 and IEC 60318-5.

3.17

mechanical coupler

device designed to present a specified mechanical impedance to a vibrator applied with a
specified static force and equipped with a mechano-electric transducer to enable the

Documents

Document Sharing Hub

Full document details: IEC 60645-12012


http://avadocuments2026.com/doc/iec-60645-1-2012
http://avadocuments2026.com/doc/iec-60645-1-2012

-12 - 60645-1 © IEC:2012

alternating force level at the surface of contact between the vibrator and the mechanical
coupler to be determined

Note 1 to entry A mechanical coupler is specified in IEC 60318-6.

3.18

masking

process by which the threshold of hearing of a sound is raised by the presence of another
(masking) sound

3.19
effective masking level
level of a specified masking sound which is numerically equal to that hes level to which

masking sound

Note 1 to entry The notional normal person is one whose hearing conforms to
masking efficiency (ISO 389-1, ISO 389-2, ISO 389-4 and ISO 389-8).

Note 2 to entry Effective masking is thus analogous to hearing level (s b), i.e. it is a measure of sound on a
physical scale, independent of a particular ear under test.

Note 3 to entry Reference values for effective masking are give

ents for minimum mandatory
facilities in Table 1. Other facilities are/not pre . ypes relate to their presumed
primary application.

-frequency audiometers

Table 1 -
Type 2 Type 3 Type 4
vanced Clinical Basic diagnostic Screening/

Facility
clinical/research monitoring
Air conduction
— two earphones X X X

— additional ins X
earphone

Bone coryd’u\s@}r\ N N\ X X X
Hearing levels %Qgs \)

frequencies ( Table

and Table 3)

Narrow-band masking X X X
noise

Input for external signals X X

Tone switching

— tone presentation X X X Xa
— tone interruption X X Xb
— pulsed tone X X

Routing of masking

— contralateral earphone X X X

— ipsilateral earphone X

— bone vibrator X

Reference tone ¢

— alternate presentation X X

— simultaneous X

presentation

Subject’s response system X X X Decuments
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Type 1 Type 2 Type 3 Type 4
Facility Advanced Clinical Basic diagnostic Screening/
clinical/research monitoring
Electrical signal output X X
Signal indicator X X
Audible monitoring of test
signal
— pure tones and noise X
— external input X
Speech communication
— operator to subject X X
— subject to operator X
NOTE The extended high-frequency range (EHF range) is optional for all four types cyxé\udiomet\e\s.
a Not mandatory for automatic recording audiometers, except for calibration purpo .
b Not mandatory for manual audiometers.
¢ The minimum requirement is for presentation of reference tones of the sa}xfe\i@ ency as the test tones.

5 General requirements W

5.1 General safety requirements

Audiometers shall conform to IEC
otherwise specified in this standard.

e |tEC 60601-1) except where

5.2 Acoustic safety requirements

damage, a non-audito
100 dB hearing level.

5.3 Environm@

NOTE Reference equivalent threshold sound pressure levels may differ significantly with ambient pressures
outside the above range. Therefore recalibration around the nominal ambient pressure at the site of the user
should be undertaken in those circumstances where the calibration site and the user site do not share similar
ambient conditions.

5.4 Warm-up time

The performance requirements shall be met after the stated warm-up time has elapsed and
after any setting up adjustments have been carried out in accordance with the manufacturer’s
instructions. The minimum warm-up time shall be specified by the manufacturer but shall not
exceed 10 min when the audiometer has been kept at the ambient temperature of the test
environment.

5.5 Power supply variation
5.5.1 Interruption of power supply

If any interruption of the power supply occurs for up to 5 s, the audiometer shall revert to a
condition that will neither endanger the subject’s hearing, nor yield invalid results. Documents
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5.5.2 Mains operation

The specifications shall be met when any long term deviation in mains supply voltage or
frequency, in combination, is the least favourable within the limits of + 10 % of the stated
mains supply voltage and + 5 % of the stated mains frequency.

5.5.3 Battery operation

The manufacturer shall specify the limits of battery voltage within which the specifications
shall be met. A suitable indicator shall be provided to ensure that the battery voltage is within
the specified limits. The specification of the audiometer shall be met at all battery voltages
within the specified limits.

5.5.4 Other power supplies

state the type of power supply, its characteristics and
specifications of the audiometer shall be met.

5.6 Electromagnetic compatibility

conformity.

5.7 Unwanted sound
5.71 General

ay be impracticable for testing for the
. Therefore, subjective tests shall be

performed using at.| i normal test subjects whose hearing threshold levels
shall not excee e ies 250 Hz to 8 kHz. The test room for subjective
tests shall meet thé r i ents of\Table 4 of ISO 8253-1:2010, (see right hand column of
table). For EHF audic | : shall cover frequencies up to the highest frequency

available.

Unwanted sound frepx"an earphone may arise from electrical signals generated in a variety of
ways within the audiometer when the tone switch is “OFF”. An unwanted tone (commonly
called breakthrough or cross talk) may also occur in the non-test earphone when the test tone
is “ON”. Specific requirements and an indirect electrical measurement method and a
subjective method of verifying performance are described in 13.4.1.

An unwanted tone may also occur in the earphone due to the tone switch not being
completely effective. Requirements for the tone switch are described in 8.6.

5.7.3 Unwanted sound from a bone vibrator

The manufacturer shall state at which test frequencies the bone vibrator might radiate sound
to such an extent that the sound reaching the test ear by air conduction through the
unoccluded ear canal might impair the validity of the bone conduction measurement. The
manufacturer shall also state the possible extent of this impairment. A method to show
conformity with this requirement is given in 13.4.2.
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5.7.4 Unwanted sound radiated by an audiometer

Where audiometers are intended to be used with the subject in the same room, any sound
due to the operation of the audiometer controls during the actual listening test, radiation from
the audiometer, or radiation from any part of a computer system used in conjunction with the
audiometer, shall be inaudible at each hearing level setting up to and including 50 dB. A
method to show conformity with this requirement is given in 13.4.3.

NOTE The limitation on noise coming from controls applies to any noise that could furnish the patient with a clue
which might influence the test results. It is not intended to apply to a mechanism such as an output selection switch
or a detent on the frequency switch that might emit noise when the subject is not actually being tested.

5.8 Testing of automatic-recording audiometers

5.9 Interface connections

No unintentional change of the audiometer’s calibration sha

6 Test signals

6.1 Pure tones

6.1.1 Frequency range and hearinglevekran
6.1.1.1 General

Fixed frequency audiome

hearing level values indi eNappropriate column of Table 2 for supra-aural
earphones and bone |vibrators. atdiometers using circumaural or insert ear-
phones, the maxjm 2 e 10 dB less than the tabulated values over the
frequency rang v ) itional frequencies up to 8 kHz may be used where
RETSPL values arg i 389 seri

equencies to be provided and the minimum range
ring level for fixed frequency audiometers

K Hearing levels
indB a

Fre_quency i\ype 1 Type 2 Type 3 Type 4
in Hz Air Bone Air Bone Air Bone Air
125 70 - 60 - - - -
250 90 45 80 45 70 35 70
500 120 60 110 60 100 50 70
750 120 60 - - - - -
1000 120 70 110 70 100 60 70
1500 120 70 110 70 - - -
2 000 120 70 110 70 100 60 70
3 000 120 70 110 70 100 60 70
4 000 120 60 110 60 100 50 70
6 000 110 50 100 - 90 - 70
8 000 100 - 90 - 80 - -
a Maximum hearing level to be at least equal to the tabulated values. Minimum hearing level to —-10 dB or
lower. \ W/ Ocuments
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6.1.1.2 EHF test signals

EHF test signals in the frequency range from 8 000 Hz to 16 000 Hz shall be the one-sixth-
octave frequencies as specified in ISO 266. Their frequencies and corresponding hearing
level ranges are presented in Table 3. The following EHF test signal frequencies are
mandatory: 8 000 Hz, 10 000 Hz, 12 500 Hz and 16 000 Hz.

NOTE Some EHF instruments have the capability of going up to 20 kHz, but at present no standardized reference
threshold data are available

Table 3 — Minimum range of values of hearing level for EHF audiometers

Frequency Hearing levels
in Hz in dB ®
* 8000 100 A
9 000 90
*10 000 90
11 200 0
*12 500 70
14 000 0
* 16 000 () o0
a Minimum hearing levels to be -10 d c}r’lg er @all freguencies.
*  Mandatory test sigr@eéﬁ. é& < )&u

6.1.2

For fixed frequency audiometers, the frequencies shall be equal to the stated values within
the following toleranees:

Type 1 and 2: +1,5%
Type 3 and 4: +25%

For continuous sweep frequency audiometers, the frequency of the test tone shall agree with
the value indicated on the audiogram within £ 5,5 %.

6.1.3 Total harmonic distortion

The maximum total harmonic distortion shall not exceed the values given in Table 4.
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Table 4 — Maximum permissible acoustic total harmonic distortion,
for supra-aural, circumaural, insert earphones and bone vibrators

Air conduction Bone conduction
Frequency range 125 to 200 250 to 400 500 to 8 000 250 to 400 500 to 800 1 000 to
in Hz 4 000
Hearing level@ 75 90 110 20 50 60
in dB
Total harmonic 3 3 3 6 6 6
distortion in %
a Or maximum output level of the audiometer, whichever is lower. For circumaural and insert earphones the
hearing level shall be 10 dB less than the levels specified in the table.

6.1.4 Rate of frequency change

Where automatic recording facilities include a continuous sweep
rate of frequency changes available shall be one octave per minute
recording audiometer provides fixed frequencies, a minimuh~period
at each frequency.

6.2 Frequency modulation
If frequency modulated tones are provi

a) Carrier frequency.

The waveform of )
symmetrical rising ing portions oma linear or on a logarithmic frequency scale.

If the modulg al, its total harmonic distortion shall not exceed
5 %. If it is triangu i ot deviate from a linear form by more than 5 % of its
amplitude. For a C m, the duration of the rising and falling portions shall

d) Frequenc

The frequency déviation shall be in the range from +2,5 % to £ 12,5 % of the carrier
frequency with a tolerance of + 15 % of its stated value.

The manufacturer shall state the characteristics and tolerances of the signals provided.

6.3 External signal source
6.3.1 Signals

Audiometers may involve the use of speech signals or other complex signals in addition to, or
instead of pure tones. IEC 60645-2 specifies equipment for speech audiometry and
ISO 8253-3 specifies techniques for speech audiometry. This standard does not specify the
parameters required for speech audiometry or for the use of complex signals.

6.3.2 Frequency response
For a constant voltage applied to the external input socket, the output sound prgﬁﬁgﬁrﬁents

generated by the earphone, as measured in the same ear simulator as used faor th
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of the audiometer, shall not differ by more than + 4 dB from the average sound pressure level

of all test signals in the frequency range 250 Hz to 4 kHz. For any signal in the range below

250 Hz the tolerance is ;41 dB and above 4 kHz the tolerance is ‘:g dB.

For the bone vibrator output, the manufacturer shall specify the frequency response and
tolerances in the frequency range from 250 Hz to 4 kHz.

6.3.3 Electrical sensitivity

The manufacturer shall specify the electrical sensitivity of the external input in terms of the
voltage of a stated input signal required for a stated output sound pressure.level, when the
signal indicator is at its reference position.

6.3.4 Reference level for external signal source

test conditions.

6.4 Masking sound

6.4.1 Genera@
sound, all measurements of the masking sound shall
be made in the{same im ' or mechanical coupler as is used in the pure-tone

pecifies requirements for pure tones, it is considered that the
~\. noise is narrow-band noise. IEC 60645-2 specifies masking noise for

speech S|gna when\this*facility is incorporated in a pure-tone audiometer.

6.4.2 Narrow-band noise

Where narrow-band masking is required, the noise band shall be centred geometrically
around the test frequencies. The band limits for the masking noise are given in Table 5.
Outside these band limits the sound pressure spectrum density level of the noise shall fall at
a rate of at least 12 dB per octave for at least three octaves and shall be at least 35 dB below
the level at the centre frequency. Measurements are required in the range from 31,5 Hz to
10 kHz for instruments limited to 8 kHz. For EHF instruments measurements are required up
to 20 kHz.

Due to limitations of transducers, ear simulators and mechanical couplers, measurements of
the bandwidth at 4 kHz and above may not accurately describe the spectrum of the masking
noise. Therefore at centre frequencies above 3,15 kHz measurements shall be made
electrically across the transducer terminals.
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Table 5 — Narrow-band masking noise: upper and lower cut-off frequencies
for a sound pressure spectrum density level of -3 dB referred to the level
at the centre frequency of the band

Lower cut-off frequency Upper cut-off frequency
Centre frequency in Hz
in Hz
Minimum Maximum Minimum Maximum
125 105 111 140 149
160 136 143 180 190
200 168 178 224 238
250 210 223 281 297
315 265 281 354 375
400 336 356 76
500 420 445 5
630 530 561 749
750 631 668 892
800 673 713 951
1000 841 891 1190
1250 1050 1490
1500 1260 1780
1600 1350 1800 1900
2 000 1680 2 240 2 380
2 500 2100 2 810 2970
3000 27520 3370 3 570
3150 3 540 3750
4 000 4 490 4760
5000 4 450 5610 5950
6 000 5 350 6 730 7140
6 300 5610 7 070 7 490
8 000 7 130 8 980 9510
9 000 8 020 10 100 10 700
1 x 8910 11 220 11 890
11 200 420 9 980 12 570 13 320
12 500 10 510 11 140 14 030 14 870
14 000 11770 12 470 15710 16 650
16 000 13 450 14 250 17 960 19 030
NOTE 1 The bands of noise correspond to one-third octaves as a minimum and one-half octaves as a maximum.
At centre frequencies of 400 Hz and above these bands are wider than the critical bands for the same effective
masking and thus require an overall sound pressure level greater than critical bands for effective masking by
approximately 3 dB (see ISO 389-4). The use of wider bands has the advantage of minimising perceived tonality
of masking noise.
NOTE 2 The minimum and maximum lower and upper cut-off frequencies, f(min.), f(max.), f,(min.) and f (max.),
are given by the following formulae (see IEC 61260):
f(min.) = f /2" f(max.) = f_/2"°
f(min.) =f_x2"° f (max.)=f_ x2"
where f_ is the centre frequency.
NOTE 3 The given values are rounded to the first three significant digits.
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6.4.3 Other masking sound
If other types of masking sound are provided the manufacturer shall specify the frequency
spectrum and use.

7 Transducers

7.1 Type of transducers

The types of transducers used in pure-tone audiometry consist of different types of earphone
(supra-aural, circumaural and insert), bone vibrators and loudspeakers.

7.2 Headband

audiometry may be undertaken may vary considerably1 ree~field conditions. ISO 8253-2

describes the characteristics of free-field, di e-fie asi-free-field conditions as well
as the procedures and conditions o eld audiometry. Manufacturers shall
describe the test conditions that apply of the stated performance of

loudspeaker outputs.

8 Signal level contrg

8.1 Marking

The signal Ieve@

equivalent national d

If a signal indicator’is provided (see Table 1), to allow the level of the external input signal to
be monitored for correct operation, the manufacturer shall specify a reading of the signal
indicator that is considered to be a reference point for a stated signal. The indicator may also
serve to monitor internally generated signals.

The manufacturer shall state the characteristics of the signal indicator, i.e. time weighting,
dynamic range and rectifier characteristics. If the indicator is intended to be used with speech
signals, the indicator shall meet the requirements of IEC 60645-2.

The indicator shall be connected at a point in the circuit before the hearing level control.
Provision shall be made in the amplifier for adjustments of its gain to accommodate a range of
20 dB in the overall level of the signal presented.

The manufacturer shall state the output level as measured on the ear simulator with the
hearing level control set at stated value and the input activated by a specified signal of stated
level which brings the monitor indicator to its reference indication.
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