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Foreword 

The text of document 29/595/CDV, future edition 2 of IEC 60645-3, prepared by IEC TC 29, 
Electroacoustics, was submitted to the IEC-CENELEC parallel Unique Acceptance Procedure and was 
approved by CENELEC as EN 60645-3 on 2007-06-01. 

This European Standard supersedes EN 60645-3:1995. 

Specific changes in EN 60645-3:2007 concern new figures of reference signals and changes in 
definitions. 

The following dates were fixed: 

– latest date by which the EN has to be implemented 
 at national level by publication of an identical 
 national standard or by endorsement 

 
 
(dop) 

 
 
2008-03-01 

– latest date by which the national standards conflicting 
 with the EN have to be withdrawn  

 
(dow) 

 
2010-06-01 

This European Standard has been prepared under a mandate given to CENELEC by the European 
Commission and the European Free Trade Association and covers essential requirements of 
EC Directive MDD (93/42/EEC). See Annex ZZ. 

Annexes ZA and ZZ have been added by CENELEC. 

__________ 

Endorsement notice 

The text of the International Standard IEC 60645-3:2007 was approved by CENELEC as a European 
Standard without any modification. 

__________ 
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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 that can 
be specified independently. By specifying these functional units it is then possible to specify 
the performance of other audiometric equipment that uses these units. IEC 60645, 
Electroacoustics – Audiometric equipment, consists of a number of parts. Part 3 covers the 
requirements for reference and other test signals of short duration. 

Examples of test methods, where such signals are commonly used, are the recording of 
brainstem evoked potentials and evoked otoacoustic emissions. Reference signals are 
described in order to provide a basis for calibration and as a recommendation for use when 
there is no specific reason to have an alternative signal. The method of measurement of 
acoustic and vibratory signals is described.  
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ELECTROACOUSTICS – 
AUDIOMETRIC EQUIPMENT – 

 
Part 3: Test signals of short duration 

 
 
 

1 Scope 

This part of IEC 60645 specifies a means of describing the physical characteristics of 
audiometric reference and test signals of short duration and methods for their measurement.  

The object of this standard is to ensure that audiometric stimuli of short duration are specified 
and measured in the same way and that the calibration of equipment using such signals is 
carried out using defined methods. 

This standard does not describe the method of use of short duration test signals.  

2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

IEC 60318-1, Electroacoustics – Simulators of human head and ear – Part 1: Ear simulator for 
the calibration of supra-aural earphones  

IEC 60318-3, Electroacoustics – Simulators of human head and ear – Part 3: Acoustic coupler 
for the calibration of supra-aural earphones used in audiometry  

IEC 60318-5, Electroacoustics – Simulators of human head and ear – Part 5: 2 cm3 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 measurements on bone vibrators 1)  

IEC 60645-1:2001, Electroacoustics – Audiological equipment – Part 1: Pure-tone 
audiometers 

IEC 60711, Occluded-ear simulator for the measurement of earphones coupled to the ear by 
ear inserts 2) 

ISO 389-6, Acoustics – Reference zero for the calibration of audiometric equipment – Part 6: 
Reference equivalent threshold sound pressure levels for acoustic test signals of short 
duration 3)  

——————— 
1) To be published (revision of IEC 60373). 

2)  Will be published later as IEC 60318-4. 

3) To be published. 
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3 Terms and definitions 

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

3.1  
short-duration signal 
signal having a duration of less than 200 ms 

3.2  
click 
transient acoustic or vibratory signal whose frequency spectrum covers a broad frequency 
range, produced by applying a single rectangular electrical pulse to the terminals of the 
transducer 

NOTE See Figures 1 and 2. 

3.3  
tone-burst 
sinusoidal signal having a duration of less than 200 ms 

NOTE 1 Figure 3 shows a reference tone-burst (see 5.3). 

NOTE 2 A tone-burst is sometimes called a brief tone or a tone pip. 

3.4  
condensation signal 
short-duration signal, the initial sound pressure wave of which causes an over-pressure 
relative to ambient pressure, or the initial vibratory force wave of which causes an over-force 
relative to the static force at the plane of the output port of the transducer 

3.5  
rarefaction signal 
short duration signal, the initial sound pressure wave of which causes an under-pressure 
relative to ambient pressure, or the initial vibratory force wave of which causes an under-force 
relative to the static force at the plane of the output port of the transducer 

3.6  
alternating polarity signal 
series of short-duration signals, consisting of rarefaction and condensation signals in 
alternating order 

3.7  
initial sound pressure or vibratory force wave of a click 
first half wave of sound pressure or vibratory force, the amplitude of which is larger than 
0,5 times the amplitude of the next half wave with opposite polarity 

3.8  
duration of initial sound pressure or vibratory force wave of a click 
time interval between the two zero crossings of the initial sound pressure or vibratory force 
wave 

– 6 –EN 60645-3:2007
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3.9  
duration of a tone-burst 
time interval between the half maximum amplitude points on the rising and falling portions of 
the envelope of the tone-burst 

NOTE See Figure 3 (key 4). 

3.10  
rise and fall times of a tone-burst 
time intervals between the 10 % and 90 % amplitude points of the rising portion and the 90 % 
and 10 % amplitude points on the falling portion of the envelope of the tone-burst 

NOTE See Figure 3 (keys 3 and 5). 

3.11  
peak-to-peak equivalent signal level 
r.m.s value of a long duration sinusoidal 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 See Figure 2. 

NOTE 2 Both the short and the long duration signals are measured by means of an ear simulator, or a free-field 
microphone, or a mechanical coupler, respectively. 

NOTE 3 For clicks, the long duration sinusoidal signal should have a frequency of 1 000 Hz, and for tone-bursts 
its frequency should equal the fundamental frequency of the tone-burst. 

NOTE 4 The equivalence in this definition is between two different signals. When short duration signals are 
standardised as sound pressure levels or vibratory force levels for hearing threshold purposes a further 
equivalence occurs (see 6.6) due to the method of measuring hearing thresholds and storing the data from those 
measurements in an ear simulator, that is in terms of equivalent threshold vibratory force or sound pressure levels. 

NOTE 5 The term peak-to-peak equivalent signal level is often called peak equivalent signal level. 

NOTE 6 The peak level of a short duration signal is anywhere between 3 dB and 9 dB greater than the peak-to-
peak equivalent level, i.e. 3 dB when the signal is quite symmetrical around the zero baseline and 9 dB when it is 
completely on one side of the zero level. 

NOTE 7 The recommended abbreviations for peak-to-peak equivalent sound pressure level and vibratory force 
level are peSPL and peVFL. 
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1 

2

100 μs 

IEC   354/07  

Key 

1 Level 

2 Time 

Figure 1 – Temporal characteristics of an electric reference pulse 

 

 
1 

2 

IEC   355/07 
 

Key 

1 Level 

2 Time 

Figure 2 – Illustration of the method of measurement 
of peak-to-peak equivalent signal levels 

The left part of the figure shows an example of the acoustic click signal generated by an 
electric rectangular pulse applied to a transducer (100 µs electric pulse fed to a TDH-39 
earphone with MX-41/AR cushion and measured on an ear simulator IEC 60318-1) and the 
right part presents the long duration sinusoidal signal. 
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1 

3 

4

5

2 

1,0 
0,9 

0,5 

0,1 
0 

–0,5 

–1,0 

IEC   356/07  

Key 

1 Level  

2 Time 

3 Rise time 

4 Duration 

5 Fall time 

 
Figure 3 – Temporal characteristics of an electrical reference tone-burst 

4 General requirements 

Equipment using short duration signals shall meet the requirements of IEC 60645-1:2001 as 
appropriate. 

5 Reference signals 

5.1 General 

The following reference signals are described for the purposes of standardization. 

5.2 Reference pulse 

The reference pulse (see Figure 1) shall be an electric rectangular pulse (single monophasic 
rectangular wave) of (100 ± 10) µs duration with rise and fall times less than 25 µs. 

NOTE 1 The same definition of rise-/fall times and duration as given in Figure 3 applies to the reference pulse.  

NOTE 2 The signal output of the transducer may vary considerably depending upon the type used. 
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5.3 Reference tone-burst 

The reference tone-burst shall be an electrical signal consisting of five periods of the 
fundamental sine wave and having a linear rise and fall. The tone-burst shall have 1,6 periods 
of rise and fall time, and duration of three periods as defined in Figure 3. 

NOTE 1,6 periods of linear rise or fall corresponds to two periods from zero to 100 % amplitude. The signal 
envelope remains at the 100 % amplitude for one period. The reference tone-burst may also be described 
according to the ‘2-1-2’ concept where ‘2’ indicates the number of periods from zero to 100 % amplitude and back 
to zero and ‘1’ is the 100 % amplitude period. 

6 Calibration and measurement of short-duration signals 

6.1 For each signal type the following characteristics of an instrument generating signals of 
short duration shall be measured and reported by the manufacturer. 

– type of reference signal used; 
– type of transducer and associated type of ear simulator, mechanical coupler or sound level 

meter used and the method of coupling the transducer to the measurement system; 
– level measured in dB in terms of peak-to-peak equivalent sound pressure level or peak-to-

peak equivalent vibratory force level; 
– polarity of electric output signal (i.e. positive (condensation), negative (rarefaction), 

alternating or random initial phase). 

– the shape of the envelope rise and fall (linear, cos2, hanning etc.).  

NOTE The polarity of the measuring system including its transducer has to be known in order to identify the 
polarity of the acoustic or vibratory signal. 

6.2 The equipment shall be calibrated using reference signals defined in Clause 5. Where 
other signals are used, the difference in reference threshold levels obtained by those signals 
and by the appropriate reference signals defined in Clause 5 shall be stated by the 
manufacturer. 

6.3 For earphone presentation, the acoustic characteristics of the short-duration signals 
shall be measured on an artificial ear (IEC 60318-1) or occluded-ear simulator (IEC 60711). 
If an acoustic coupler (IEC 60318-5, IEC 60318-3) is used for routine calibration, the 
relationship between measurements on the artificial ear (IEC 60318-1) or occluded-ear 
simulator (IEC 60711) and the acoustic coupler shall be stated by the manufacturer. 

6.4 For sound-field presentation of short-duration signals, using reference signals defined in 
Clause 5, the measuring microphone shall be placed at the subject’s measurement point in 
the absence of the listener. The reference point is the midpoint of a straight line connecting 
the entrances to the listener's ear canal openings when positioned in the testing position in 
the sound field.  

NOTE Measurements should be made with a Class 1 sound-level meter conforming to IEC 61672-1 using the 
procedures described in ISO 8253-2. 

6.5 Equipment for presenting short-duration signals by means of a bone vibrator shall be 
calibrated using reference signals defined in Clause 5. For this purpose, the bone vibrator 
shall be placed on a mechanical coupler according to IEC 60318-6, connected to suitable 
equipment to provide for the measurement of peak-to-peak voltage. 

6.6 Reference equivalent threshold sound pressure level values are given in ISO 389-6. 
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6.7 The measurement system shall have a known amplitude and phase response. The phase 
response of the measuring system shall be taken into consideration. 

7 Instruction manual 

An instrument generating short-duration auditory test signals shall be supplied with an 
instruction manual that shall contain, in addition to the requirements of 15.2 in 
IEC 60645-1: 2001 the following information: 

a) type of auditory signal(s) (e.g. clicks or tone-bursts); 
b) type of transducer(s) and its/their headband force; 
c) sound field system; 
d) type of ear simulator or mechanical coupler used for calibration and the method of 

coupling the transducer(s); 
e) type of calibration (e.g. in terms of peak-to-peak equivalent sound pressure level or 

vibratory force level or in terms of hearing level); 
f) acoustic or vibratory signal levels for a given setting of the output-level control; 
g) polarity of resulting acoustic or vibratory signal (e.g. positive, negative, alternating or 

random); 
h) repetition rate(s); 
i) duration of the initial sound pressure or vibratory force wave of a click and/or duration and 

rise/fall times of acoustic or vibratory tone-bursts; 
j) the subjective relationship in terms of hearing level between the test signals and the 

reference signals in this document; 
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NOTE   Harmonized as EN 61672-1:2003 (not modified). 
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NOTE   Harmonized as EN ISO 8253-2:1998 (not modified). 
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Annex ZA  
(normative) 

 
Normative references to international publications 

with their corresponding European publications 
 
The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies.  
 
NOTE   When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD 
applies.  
 
Publication Year Title EN/HD Year 
  

IEC 60318-1 -1) Electroacoustics - Simulators of human head 
and ear -  
Part 1: Ear simulator for the calibration of 
supra-aural earphones 

EN 60318-1 19982) 

 
  

IEC 60318-3 -1) Electroacoustics - Simulators of human head 
and ear -  
Part 3: Acoustic coupler for the calibration of 
supra-aural earphones used in audiometry 

EN 60318-3 19982) 

 
  

IEC 60318-5 -1) Electroacoustics - Simulators of human head 
and ear -  
Part 5: 2 cm³ coupler for the measurement of 
hearing aids and earphones coupled to the 
ear by means of ear inserts 
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IEC 60318-6 200X3) Electroacoustics - Simulators of human head 
and ear -  
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IEC 60645-1 2001 Electroacoustics - Audiological equipment -  
Part 1: Pure-tone audiometers 
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IEC 60711 -1) Occluded-ear simulator for the measurement 
of earphones coupled to the ear by ear 
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ISO 389-6 -1) Acoustics - Reference zero for the calibration 
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1) Undated reference. 
2) Valid edition at date of issue. 
3) To be published. 
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Annex ZZ 
(informative) 

 
Coverage of Essential Requirements of EC Directives 

 
This European Standard has been prepared under a mandate given to CENELEC by the European 
Commisssion and the European Free Trade Association and within its scope the standard covers only the 
following essential requirements out of those given in Annex I of the EC Directive 93/42/EEC: 
 
– Essential requirement I – 3 
 
– Essential requirement I – 6 
 
– Essential requirement II – 12.8 
 
– Essential requirement II – 13 
 
Compliance with this standard provides one means of conformity with the specified essential 
requirements of the Directive concerned. 
 
WARNING: Other requirements and other EC Directives may be applicable to the products falling within 
the scope of this standard. 

__________ 
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BS EN  
60645-3:2007

BSI
389 Chiswick High Road
London
W4 4AL

BSI — British Standards Institution
BSI is the independent national body responsible for preparing 
British Standards. It presents the UK view on standards in Europe and at the 
international level. It is incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision. Users of 
British Standards should make sure that they possess the latest amendments or 
editions.

It is the constant aim of BSI to improve the quality of our products and services. 
We would be grateful if anyone finding an inaccuracy or ambiguity while using 
this British Standard would inform the Secretary of the technical committee 
responsible, the identity of which can be found on the inside front cover. 
Tel: +44 (0)20 8996 9000. Fax: +44 (0)20 8996 7400.

BSI offers members an individual updating service called PLUS which ensures 
that subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI, international and foreign standards publications should be 
addressed to Customer Services. Tel: +44 (0)20 8996 9001. 
Fax: +44 (0)20 8996 7001. Email: orders@bsi-global.com. Standards are also 
available from the BSI website at http://www.bsi-global.com.

In response to orders for international standards, it is BSI policy to supply the 
BSI implementation of those that have been published as British Standards, 
unless otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and 
international standards through its Library and its Technical Help to Exporters 
Service. Various BSI electronic information services are also available which give 
details on all its products and services. Contact the Information Centre. 
Tel: +44 (0)20 8996 7111. Fax: +44 (0)20 8996 7048. Email: info@bsi-global.com.

Subscribing members of BSI are kept up to date with standards developments 
and receive substantial discounts on the purchase price of standards. For details 
of these and other benefits contact Membership Administration. 
Tel: +44 (0)20 8996 7002. Fax: +44 (0)20 8996 7001. 
Email: membership@bsi-global.com.

Information regarding online access to British Standards via British Standards 
Online can be found at http://www.bsi-global.com/bsonline.

Further information about BSI is available on the BSI website at 
http://www.bsi-global.com.

Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the 
UK, of the publications of the international  standardization bodies. Except as 
permitted under the Copyright, Designs and Patents Act 1988 no extract may be 
reproduced, stored in a retrieval system or transmitted in any form or by any 
means –  electronic, photocopying, recording or otherwise – without prior written 
permission from BSI.

This does not preclude the free use, in the course of implementing the standard, 
of necessary details such as symbols, and size, type or grade designations. If these 
details are to be used for any other purpose than implementation then the prior 
written permission of BSI must be obtained.

Details and advice can be obtained from the Copyright & Licensing Manager. 
Tel: +44 (0)20 8996 7070. Fax: +44 (0)20 8996 7553. 
Email: copyright@bsi-global.com.
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