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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROACOUSTICS -
HEARING AIDS -

Part 0: Measurement of the performance characteristics of hearing aids

FOREWORD

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

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

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

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

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

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

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

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

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

IEC 60118-0 has been prepared by technical committee 29: Electroacoustics. It is an
International Standard.

This fourth edition merges and updates the methods previously described in IEC 60118-0:2015
and IEC 60118-7:2005. It cancels and replaces the third edition of IEC 60118-0 published in
2015. This edition constitutes a technical revision.

Measurements for quality control as described in IEC 60118-7:2005 can be found in Clause 10
of this document.

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

a) the default use of an acoustic coupler according to IEC 60318-5,
b) addition of the optional use of an occluded ear simulator according to IEC 60318-4,
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c) addition of the optional use of an acoustic coupler according to IEC 60318-8 (new standard
based on IEC TS 62886) when information about the response above 8 kHz is needed, or
the optional use of the acoustic coupler according to IEC 60318-8 for deep insert hearing
aids,

d) the addition of measurements of the performance of hearing aids for production, supply and
delivery quality assurance purposes,

e) corrected and updated measurement configuration and methods, adding the use of a
sequential measurement as preferred configuration,

f) updated and expanded measurement procedures for the non-acoustic inputs of the hearing
aid.

NOTE The substitution method described in Annex B has no relation to the substitution method described in
IEC 60118-0:2015.

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

Draft Report on voting

29/1126/FDIS 29/1129/RVD

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

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

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 60118 series, published under the general title Electroacoustics —
Hearing aids, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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ELECTROACOUSTICS -
HEARING AIDS -

Part 0: Measurement of the performance characteristics of hearing aids

1 Scope

This part of IEC 60118 gives recommendations for the measurement of the performance
characteristics of air conduction hearing aids measured with an acoustic coupler or occluded
ear simulator.

This document is applicable to the measurement and evaluation of the electroacoustical
characteristics of hearing aids, for example for type testing and manufacturer data sheets.

This document is also applicable for the measurement of the performance characteristics of
hearing aids for production, supply and delivery quality-assurance purposes.

The measurement results obtained by the methods specified in this document will express the
performance under conditions of the measurement and can deviate substantially from the
performance of the hearing aid under actual conditions of use.

This document primarily uses an acoustic coupler according to IEC 60318-5 which is only
intended for loading a hearing aid with specified acoustic impedance and is not intended to
reproduce the sound pressure in a person's ear. For measurements reflecting the output level
in the normal human ear the occluded ear simulator according to IEC 60318-4 can be used. For
extended high-frequency measurements and for deep insert hearing aids, the acoustic coupler
according to IEC 60318-8 can be used.

This document also covers measurement of hearing aids with non-acoustic inputs, such as
wireless, inductive or electrical input.

This document does not cover the measurement of hearing aids for simulated in situ working
conditions, for which IEC 60118-8 can be applied.

This document does not cover the measurement of hearing aids under typical user settings and
using a speech-like signal, for which IEC 60118-15 can be applied.

2 Normative references

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

IEC 60118-12, Hearing aids — Part 12: Dimensions of electrical connector systems

IEC 60318-4:2010, 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 cm3 coupler for
the measurement of hearing aids and earphones coupled to the ear by means of ear inserts
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IEC 60318-8, Electroacoustics — Simulators of human head and ear — Part 8: Acoustic coupler
for high-frequency measurements of hearing aids and earphones coupled to the ear by means
of ear inserts

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

IEC 60263, Scales and sizes for plotting frequency characteristics and polar diagrams

IEC 61094-4, Measurement microphones — Part 4: Specifications for working standard
microphones

ISO 3, Preferred numbers — Series of preferred numbers

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

SPL

sound pressure level

ten times the logarithm to the base 10 of the ratio of the square of the sound pressure, p, to the
square of a reference value, p,, expressed in decibels, where the reference value, pg, is 20 yPa

[SOURCE: ISO/TR 25417:2007, 2.2, modified — The abbreviated term has been added and the
formula and notes to entry have been omitted.]

3.2
hearing aid
wearable instrument intended to aid a person with impaired hearing

Note 1 to entry: A hearing aid usually consists of a microphone, amplifier, signal processor and earphone, powered
by a battery and possibly also containing alternative means of signal pickup such as induction coil, wireless input or
electrical input. It is fitted using audiometric and prescriptive methods.

Note 2 to entry: A hearing aid can be placed on the body (BW), behind the ear (BTE), in the ear (ITE, also named
full concha), in the canal (ITC), receiver in canal (RIC) or completely in the canal (CIC).

3.3

directional hearing aid

hearing aid for which the acoustic gain is dependent on the direction of sound incidence when
measured under free-field conditions

Note 1 to entry: Generally, a hearing aid with a single sound inlet port is non-directional and an aid with multiple
sound inlet ports is directional.

3.4

non-directional hearing aid

hearing aid for which the acoustic gain is independent of the direction of sound incidence when
measured under free-field conditions

Note 1 to entry: Generally, a hearing aid with a single sound inlet port is non-directional and an ai(ﬁ/ith multiIQn

le
sound inlet ports is directional. OoCuU entS
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3.5
gain control
manually or electronically operated control for the adjustment of the overall gain response

3.6
tone control
manually or electronically operated control for adjusting frequency dependent gain

3.7

vertical reference

line through or on a hearing aid which is vertical when the aid is positioned as worn on a head
and torso simulator (as per Figure C.1 in IEC 60118-8:2005) or, in the case of custom-made
hearing aids, as normally worn by the user

3.8

reference point

point related to the hearing aid sound inlet port(s) for the purpose of defining the position of the
hearing aid or wireless transmitter microphone

Note 1 to entry: For a hearing aid with one sound inlet port the reference point is at the sound inlet port. For a
hearing aid with two or more sound inlet ports the reference point is in the geometrical centre between the inlet ports.

3.9

test point

position in the test enclosure to which the measurements of the sound pressure level refer or
at which the strength of the magnetic field is determined and at which the reference point of the
hearing aid or wireless transmitter microphone is located for test purposes

3.10

test space

space which contains the test volume and the test point where the hearing aid or wireless
transmitter microphone is placed for testing

3.11
test volume
volume in the test space in which the sound field has the required conditions for testing

3.12

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

3.13

ear simulator

device for measuring the acoustic output of sound sources where the sound pressure is
measured by a calibrated microphone coupled to the source so that the overall acoustic
impedance of the device approximates that of the normal human ear at a given location and in
a given frequency band

[SOURCE: IEC 60318-4:2010, 3.4]

3.14

input SPL

input sound pressure level

sound pressure level at the reference point of the hearing aid
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3.15

frequency response

sound pressure level measured in the acoustic coupler or ear simulator expressed as a function
of frequency under specified test conditions

3.16
basic frequency response curve

frequency response curve obtained at reference test setting with an input sound pressure level
of 60 dB

3.17

input-output characteristic

for a single frequency, a plot of the sound pressure level measured in the acoustic coupler or
ear simulator on the ordinate, against the sound pressure level applied to the hearing aid on
the abscissa, with equal decibel scale divisions on each axis

3.18

HFA

high-frequency average

average of gain or SPL in decibels at 1 000 Hz, 1 600 Hz and 2 500 Hz

3.19

special purpose hearing aid

hearing aid whose full-on gain at any frequency exceeds its full-on gain at 1 000 Hz, or at
1 600 Hz, or at 2 500 Hz by more than 15 dB

3.20

SPA

special purpose average

average of gain or SPL in decibels at the three one-third-octave-band frequencies each
separated by two-thirds of an octave, selected and stated by the manufacturer

Note 1 to entry: Throughout this document, wherever the term "high-frequency average" or "HFA" appears, "special-
purpose average" or "SPA" can be substituted for a special purpose hearing aid.

3.21

acoustic gain

at each test frequency, the difference in decibels obtained by subtracting the input SPL from
the SPL developed by the output from the hearing aid in the acoustic coupler or occluded ear
simulator

3.22

OSPL90

output SPL for 90 dB input SPL

SPL developed in the acoustic coupler or occluded ear simulator with an input SPL of 90 dB
with the hearing aid set to the full-on setting

Note 1 to entry: It is recognized that the maximum output level can occur with more, or occasionally with less, input
SPL than 90 dB. However, the differences are usually small over the frequency range of interest and the single input
SPL of 90 dB makes automatic recording of the OSPL90 response curve very convenient.

3.23
HFA-OSPL90
high-frequency average of the OSPL90

3.24
maximum-OSPL90
maximum value of the OSPL90 frequency response curve
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3.25

FOG

full-on gain

acoustic gain for an input SPL of 50 dB when the hearing aid is set at full-on setting

3.26
HFA-FOG
high-frequency average of the FOG

3.27
maximum FOG
maximum value of the FOG frequency response curve

3.28

RTS

reference test setting

for an input SPL of 60 dB, the settings of the hearing aid required to produce an HF A-gain within
+1,5 dB of the HFA-OSPL90 minus 77 dB, or, if the full-on HFA gain for an input SPL of 60 dB
is less than the HFA-OSPL90 minus 77 dB, the full-on setting of the hearing aid

Note 1 to entry: For most hearing aids, the use of an input SPL of 60 dB and a 17 dB difference from the OSPL90
helps to ensure that, for an overall speech level of 65 dB SPL, peaks do not exceed the OSPL90.

3.29

RTG

reference test gain

HFA gain for an input SPL of 60 dB with the hearing aid setting at RTS

3.30

FOS

full-on setting

setting of the hearing aid which provides the highest gain within the frequency range of the
hearing aid and has the least possible output limitations

3.31

AGC

automatic gain control

means (other than peak clipping) by which the gain is automatically controlled as a function of
the level of the signal being amplified

3.32
AGC hearing aid
hearing aid incorporating automatic gain control (AGC)

3.33

compression

type of AGC in which an incremental change in input sound pressure level produces a smaller
incremental change of output sound pressure level

3.34

expansion

type of AGC in which an incremental change in input sound pressure level produces a larger
incremental change of output sound pressure level

3.35
supply voltage
voltage at the battery terminals of the hearing aid with the hearing aid switched on
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3.36

SPLWL

SPL with a wireless input

SPL developed in the acoustic coupler with the hearing aid setting at RTS when the input is a
sinusoidal signal of 60 dB SPL at the wireless transmitter microphone

3.37

HFA-SPLWL

high-frequency average SPL with a wireless input
high-frequency average of the SPLWL levels

3.38

EWLS

equivalent wireless input sensitivity level

difference in decibels obtained by subtracting the RTG + 60 dB from the HFA-SPLWL

3.39

SPLEI

SPL with an electric input

SPL developed in the acoustic coupler with the hearing aid setting at RTS when the electric
input is a sinusoidal alternating signal of 0,67 mV with the electrical input program selected

3.40

HFA-SPLEI

high-frequency average SPL with an electric input
high-frequency average of the SPLEI levels

3.41

EEIS

equivalent electrical input sensitivity level

difference in decibels obtained by subtracting the RTG + 60 dB from the HFA-SPLEI

Note 1 to entry: This definition has been changed to RTG + 60 dB that replaces RTG + 70 dB as used in previous
editions of this document.

3.42

SPLIV

SPL in a vertical magnetic field

SPL developed in the acoustic coupler with the hearing aid setting at RTS when the input is
-30dBre 1 A/m (= 31,6 mA/m) sinusoidal alternating magnetic field parallel to the vertical
reference with T-program selected

3.43

HFA-SPLIV

high-frequency average SPL in a vertical magnetic field
high-frequency average of the SPLIV levels

3.44

ETLS

equivalent test loop sensitivity level

difference in decibels obtained by subtracting the RTG + 60 dB from the HFA-SPLIV

3.45

SPLITS

SPL for an inductive telephone simulator

SPL developed in the acoustic coupler by a hearing aid set at RTS when the input is the
magnetic field generated by a telephone magnetic field simulator
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3.46

HFA-SPLITS

high-frequency average (HFA) SPL for an inductive telephone simulator
high-frequency average of the SPLITS

3.47

TMFS

telephone magnetic field simulator

device for producing a magnetic field of consistent level and geometric shape when driven by
a current of / = 6/N mA, where N is the number of coil turns

3.48

RSETS

relative simulated equivalent telephone sensitivity level

difference in decibels obtained by subtracting the RTG + 60 dB SPL from the HFA-SPLITS

3.49

MLE

microphone location effect

deviation of input SPL at the hearing aid microphone from the free-field value due to the
presence of the head/body and the positioning of the hearing aid

4 General conditions

4.1 Acoustic measurement method
The acoustic measurement method is based on the following general requirements.

a) Use of a well-defined test enclosure suitable for the measurement as described in 5.2. An
anechoic-chamber that provides a better defined sound field can be used for measurement
of a hearing aid in directional mode.

b) The hearing aid output is measured using an acoustic coupler or occluded ear simulator as
described in 4.2.

c) Constant frequency-independent sound pressure at the reference point of the hearing aid
and taking into account the following factors:

1) diffracted sound from the hearing aid or wireless transmitter shall be included in the
sound field equalization,

2) sound leakage from the hearing aid transmitter shall not offset the equalized sound field
(predominantly a problem with high-gain and/or high-output hearing aids).

d) Sound diffractions in the test enclosure such as from the acoustic coupler or occluded ear
simulator, fixtures and the control microphone, with the exception of those from the hearing
aid or wireless transmitter microphone, should be minimized.

The measurement configurations are described in 5.3.

4.2 Acoustic couplers and occluded ear simulator

Measurements of the hearing aid performance characteristics shall be made by using one of
the following acoustic couplers or occluded ear simulator.

a) For the basic measurements as described in Clause 7 over the frequency range of 200 Hz
to 8 000 Hz, a 2 cm3 acoustic coupler in accordance with IEC 60318-5 shall be used by
default. For additional measurements, e.g., to simulate realistic use conditions, an occluded
ear simulator in accordance with IEC 60318-4 can be used.

b) For the special hearing aid measurements as described in Clause 8 and Clause 9 over the
frequency range of 200 Hz to 8 000 Hz, a 2 cm3 acoustic coupler in accordance with

IEC 60318-5 shall be used. Documents
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c) For measurements for the purpose of quality assurance over the frequency range of 200 Hz

to 5000 Hz as described in Clause 10, a 2 cm3 acoustic coupler in accordance with
IEC 60318-5 shall be used.

d) For high-frequency measurements over the frequency range of 200 Hz to 16 000 Hz, a
0,4 cm3 acoustic coupler in accordance with IEC 60318-8 shall be used.

e) For hearing aids that are deeply inserted in the ear, a 0,4 cm3 acoustic coupler in
accordance with IEC 60318-8 can also be used. If the 0,4 cm3 acoustic coupler is used, the
frequency range is 200 Hz to 8 000 Hz. For high-frequency measurements a range of 200 Hz
to 16 000 Hz shall be used.

The frequency range is restricted to a range of 200 Hz to 5 000 Hz when measurements are
made in a type 2 test enclosure (test-box), see 5.2.3.

An overview on the use of acoustic couplers and occluded ear simulator is given in Table 1.
The type of acoustic coupler or occluded ear simulator shall be stated.

For (total) difference frequency distortion measurements as in 8.2 the couplers according to
IEC 60318-5 or IEC 60318-8 can also be used to measure distortion products down to 100 Hz.

NOTE 1 The 2 cm? coupler according to IEC 60318-5 is intended for loading a hearing aid with a specified acoustic
impedance and is not intended to load the hearing aid with an acoustic impedance simulating a normal human ear.

NOTE 2 The occluded ear simulator according to IEC 60318-4 is intended to load the hearing aid with an acoustic
impedance simulating a normal human ear.

NOTE 3 The 0,4 cm? coupler according to IEC 60318-8 is intended for loading a hearing aid with a specified acoustic
impedance and is not intended to load the hearing aid with an acoustic impedance simulating a normal human ear.
The advantage compared to the 2 cm® coupler is that it is suitable for measurements up to 16 kHz and that the
acoustic impedance better approximates the impedance presented to deep insert hearing aid in a human ear.

For any type of air conduction hearing aids, sound leakage from the coupling tube shall be low
enough so as not to affect the test result. One way of accomplishing this is to use a rigid tube.

When using the 2 cm3 acoustic coupler the acoustical coupling shall be maintained in
accordance with IEC 60318-5.

When using the occluded ear simulator the acoustical coupling shall be maintained in
accordance with IEC 60318-4.

When using the 0,4 cm3 acoustic coupler the acoustical coupling shall be maintained in
accordance with IEC 60318-8. Great care should be taken when using a connecting tube since
the volume in the tube can be significant compared to the coupler volume.

The sound outlet system used shall be stated.

Annex E provides a comparison between a 2 cm3 coupler and a 0,4 cm3 coupler.
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Table 1 — Overview on the use of acoustic couplers and occluded ear simulator

Measurement type Frequency range Acoustic coupler or occluded ear
(see also specification simulator
in final row of this
Table 1)

Basic (Clause 7) 200 Hz to 8 000 Hz IEC 60318-5 (2 cm? coupler)

Quality assurance (Clause 10) 200 Hz to 5 000 Hz IEC 60318-5 (2 cm? coupler)
Special (Clause 8 and Clause 9) 200 Hz to 8 000 Hz IEC 60318-5 (2 cm? coupler)
Basic (Clause 7) 200 Hz to 8 000 Hz IEC 60318-4 (ear simulator)

All basic and special measurements
(Clause 7, Clause 8 and Clause 9) for which 200 Hz to 16 000 Hz IEC 60318-8 (0,4 cm?® coupler)
responses above 8 kHz can be relevant

All basic and special measurements 200 Hz to 8 000 Hz
(Clause 7, Clause 8 and Clause 9) for or IEC 60318-8 (0,4 cm? coupler)
deeply inserted hearing aids 200 Hz to 16 000 Hz

The frequency range shall be restricted to a range of 200 Hz to 5 000 Hz when measurements are made in a type
2 test enclosure (test-box).

4.3 Input signals and frequency range

All acoustic, magnetic and electric measurements shall be made using sinusoidal input signals
for a stated frequency range (also named bandwidth) of 200 Hz to 5 000 Hz, 200 Hz to
8 000 Hz, or 200 Hz to 16 000 Hz as stated in Table 1. Measurements shall be made at the
ISO R40 preferred frequencies (1/40 decade or one-twelfth octave) as specified in ISO 3 unless
otherwise stated. The frequency interval between data points in frequency response curves
shall not exceed one-twelfth octave or 100 Hz, whichever is greater.

4.4 Reporting of data
All data reported shall be clearly labelled:

— "Measured according to IEC 60118-0:2022 using a 2 cm? acoustic coupler in accordance
with IEC 60318-5" or

— "Measured according to IEC 60118-0:2022 using an occluded ear simulator in accordance
with IEC 60318-4" or

— "Measured according to IEC 60118-0:2022 using a 0,4 cm3 acoustic coupler in accordance
with IEC 60318-8".

In the case of custom-made ear hearing aids, the measurement data applies only to the

particular hearing aid being measured.

5 Test equipment

5.1 General

All test equipment accuracies of Clause 5 are maximum acceptable values. The actual required
accuracies also depend upon the maximum permitted uncertainty as defined in Clause 11. In
practice the actual required accuracies can have much lower values, see for instance Annex D.
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5.2 Test enclosure
5.2.1 General

Unwanted stimuli in the test enclosure, such as ambient noise, mechanical vibrations and
electrical or magnetic stray fields shall be sufficiently low so as not to affect the test results by
more than 0,5 dB. This condition is met if the output level of the hearing aid falls by at least
10 dB in each frequency analysis band, when the sound source is switched off.

All measurements that require an acoustical input are made in a selected test volume in which
the sound field has the required conditions as specified in 5.2.2 and 5.2.3.

5.2.2 Type 1 "anechoic-chamber”

A type 1 "anechoic-chamber" test is performed in a large test space in which a free sound field
is obtained. In practice, a free sound field is a field in which the influence of reflections at the
boundaries or other disturbing objects is negligible over the frequency range of interest.
Typically a type 1 "anechoic-chamber" test enclosure will have a sound source to hearing aid
distance of at least 1 m and also a hearing aid to chamber boundary distance of at least 1 m.
The sound field at the device under test should approximate a free progressive sound field
emanating from a distant point source, without reflections. See also IEC 61094-8:2012.

A type 1 test enclosure will permit the following hearing aid measurements:

a) measurement up to at least 8 000 Hz; in conjunction with the 0,4 cm3 coupler also up to
16 kHz,

b) measurement of directional hearing aids; this will allow the variation of acoustical
parameters of hearing aids as a function of the direction of sound incidence.

A type 1 test enclosure in general will provide more accurate measurement results compared
to a type 2 test enclosure.

NOTE 1 The results from testing directional hearing aids in the free field do not in general represent the in-situ
directional characteristics of the hearing aid.

For the measurement of directional characteristics under simulated in-situ working conditions,
IEC 60118-8 shall be used.

The test space of a type 1 "anechoic-chamber" test enclosure will provide essentially free sound
field conditions that provide a well-defined progressive sound field. The sound field shall meet
the following requirement:

— the SPL in a test volume of size 20 mm x 20 mm x 20 mm containing the test point shall not
deviate more than +£0,5 dB from 200 Hz to 6 300 Hz and +0,7 dB from 6 300 Hz to the upper
frequency limit of the test.

NOTE 2 The above requirement includes correction for the effect of the inverse distance law (1/r).

NOTE 3 By having 0,5 dB deviation from the inverse distance law the disturbing sound from other directions is
25 dB lower than the sound from the front direction.

NOTE 4 A loudspeaker of only coaxial elements smaller than 300 mm in diameter is generally a suitable source for
type 1 anechoic measurements.

NOTE 5 1SO 26101:2017 can be used as guidance for the measurement procedure. The qualification method in
ISO 26101:2017, Annex A can be used when in conformance with the above requirement.

Fixtures and obstacles that disturb the sound field shall be kept at minimum.
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5.2.3 Type 2 "test-box"

A type 2 "test-box" test is performed in a small enclosure characterized by a sound source to
hearing aid distance substantially less than 1 m (typically about 10 cm). It has the following
characteristics:

a) suitable for measurements from 200 Hz to 5 000 Hz,

b) results in a type 2 test-box are suitable for quality testing, but typically do not match results
made in a type 1 anechoic-chamber, in particular for directional hearing aids.

The sound field in the test space of a type 2 "test-box" shall meet the following requirements:

— the SPL in a test volume of size 15 mm x 15 mm x 15 mm containing the test point shall not
deviate by more than £1,5 dB from 200 Hz to 5 000 Hz. This deviation can be corrected for
the effects of the inverse distance law (1/r) above a frequency stated by the manufacturer;

— the test point shall be clearly indicated by the test-box manufacturer.

Fixtures and obstacles that can reflect the sound field shall be kept at minimum.

5.3 Measurement configuration
5.3.1 General

The measurement configuration shall meet the general requirements outlined in 4.1. Care
should be taken that neither the acoustic coupler or the occluded ear simulator and its tubing
nor the mechanical support for the hearing aid appreciably disturb the sound field in the vicinity
of the reference point of the hearing aid at the test frequencies used. These devices shall also
not introduce spurious effects arising from mechanical resonances or mechanical vibrations,
and they shall not affect the mechanical or acoustical properties of the hearing aid under test.

The sound pressure level at the reference point of the hearing aid is equalized by the use of a
control microphone with frequency independent pressure sensitivity over the relevant frequency
range, in close proximity to the reference point and oriented at 90° to the main axis of the sound
source. This assumes that the sound field is uniform from the reference point to the location of
the control microphone. Optionally a dummy microphone may replace the control microphone
when the hearing aid measurements are made. The diameter of the control microphone shall
be 15 mm or smaller.

For a type 1 anechoic-chamber, the control microphone shall either be of type WS2P (1/2 inch)
or type WS3P/F/D (1/4 inch) as defined in IEC 61094-4. The microphone used, shall be stated.

NOTE The measurement results can differ substantially between measurements made with control microphone in
close proximity to the hearing aid and those measurements obtained under real free-field conditions, especially for
body-worn types of hearing aids having the sound entry located on the surface of the outer housing where it is
possible that the housing can have physical dimensions comparable to the wavelength of the incident sound.

5.3.2 Measurement configuration for non-directional hearing aids

This Subclause 5.3.2 describes the measurement configuration for non-directional hearing aids
with either a single sound inlet port or with one sound inlet port activated if there are multiple
inlet ports. Examples of the measurement configuration are shown in Figure 1 and Figure 2.

If two or more sound inlet ports are active the measurement configuration of 5.3.3 shall be used.

The active sound inlet port is the reference point of the hearing aid. The position of the reference
point shall be stated.
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Behind the ear hearing aids shall be oriented towards the sound source in a normal way as
shown in Figure 1. For in the ear hearing aids the faceplate with microphone shall be oriented
parallel to the direction of the sound source as shown in Figure 2. A wireless transmitter
microphone shall be oriented towards the sound source as in the normal way of use. The
orientation of the hearing aid or wireless transmitter microphone shall be stated.

The distance from the centre of the diaphragm of the control or dummy microphone to the
reference point of the hearing aid shall be 5 mm £3 mm. If a distance of 5 mm +3 mm cannot
be fulfilled due to the physical shape of the hearing aid, the used distance shall be stated.

The principal axis of the control or dummy microphone shall be orthogonal to the principal sound
source axis. The reference point of the hearing aid shall be positioned on the axis of the control
microphone. The reference point and the diaphragm of the control microphone shall both be
within the test volume as defined in 5.2.

The control microphone can also be positioned as for directional hearing aids as shown in
Figure 3, B.

For behind the ear hearing aids with a single active microphone in the ear the manufacturer
shall give guidance for the correct position of the device and the control microphone.

NOTE When testing hearing aids with a very high output, the leakage of sound can influence the measurement
result. This can be verified by using the sequential method as described in 5.4.
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Dimensions in millimetres

P
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IEC
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1 Test space

Sound source

Hearing aid

Control microphone / dummy microphone
Diaphragm centre point

Acoustic coupler or occluded ear simulator

N o o A~ W N

Reference point of the hearing aid
X: sound source axis

y: axis of control microphone

Figure 1 — Example of test arrangement for behind the ear hearing aid
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Dimensions in millimetres

IEC

Key

1 Test space

Sound source

Hearing aid

Control microphone / dummy microphone
Diaphragm centre point

Reference point of the hearing aid

N o o M~ W N

Acoustic coupler or occluded ear simulator
X: sound source axis

y: axis of control microphone

Figure 2 — Example of test arrangement for in the ear hearing aid

5.3.3 Measurement configuration for directional hearing aids

This Subclause 5.3.3 describes the measurement configuration for directional hearing aids and
non-directional hearing aids with two or more active sound inlet ports. An example of the test
arrangement for a behind the ear hearing aid is shown in Figure 3, A. Figure 3, B shows an
alternative position of the control microphone. Devices with other form factors will be positioned
in a similar way.

For directional hearing aids in non-directional mode with one active sound inlet port the
measurement configuration described in 5.3.2 shall be used.

The geometrical centre between the active sound inlet ports is the reference point of the hearing
aid. A line through the active front and rear sound entry ports of the hearing aid shall be aligned
with the sound source axis. In the case of multiple active front or rear entry ports, the line
passes through the reference point. The position of the reference point shall be stated.

Documents

Document Sharing Hub

Full document details: IEC 60118-0 2022


http://avadocuments2026.com/doc/iec-60118-0-2022
http://avadocuments2026.com/doc/iec-60118-0-2022

IEC 60118-0:2022 © |EC 2022

- 23—

NOTE The alignment of the hearing aid for testing can differ from the positioning when worn by the user.

The distance from the centre of the diaphragm of the control microphone to the reference point
shall be 12 mm +2 mm. If a distance of 12 mm £2 mm cannot be fulfilled due to the physical
shape of the hearing aid, the used distance shall be stated. The principal axis of the control or
dummy microphone shall be orthogonal to the principal sound source axis and shall intersect
at the reference point (see Figure 3, A and Figure 3, B). The reference point and the diaphragm
of the control microphone shall both be positioned within the test volume as defined in 5.2.

For hearing aids with multiple microphones, where the geometrical centre between the active
sound inlet ports cannot directly be determined, e.g. as for a receiver in canal devices with an
additional microphone in the ear, the manufacturer shall give guidance for the correct position

of the device and control microphone.

B
1
2
_I I {?‘ ______________
A
1

Key
A Default positioning (sideview)
B  Alternative positioning (topview)
1 Test space
2  Sound source
3 Hearing aid
y  axis of control microphone

4
5
6
7
X

Dimensions in millimetres

IEC

Control microphone / dummy microphone
Diaphragm centre point

Reference point of the hearing aid
Acoustic coupler or occluded ear simulator
sound source axis

Figure 3 — Example of test arrangement for directional hearing aid

5.4 Sequential measurement method

5.4.1 The equalization of the sound field at the reference point and the hearing aid

measurement shall be performed sequentially.

Full document details: IEC 60118-0 2022
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5.4.2 Step 1: With the hearing aid and the control microphone in place, but with the hearing
aid switched off, adjust the sound source to achieve a constant level at the reference point of
the hearing aid. This response is then saved.

543 Step 2: With the hearing aid and the inactive control microphone in place, perform the
hearing aid measurement. For this step, the inactive control microphone optionally may be
replaced by a dummy microphone of same size and form.

NOTE Sound field diffractions from the hearing aid, the attached acoustic coupler or occluded ear simulator with
microphone preamplifier and from the control microphone are included in the equalization of the sound pressure level
and are dependent on the distance from the hearing aid to the control microphone.

When the inactive control microphone is replaced by a dummy microphone this should be done
with great care not to introduce changes in the positioning of the hearing aid, the acoustic
coupler or occluded ear simulator and the microphones.

This method assumes that the sound source is stable with minimal drift. If the sound source is
not sufficiently stable, step 1 should be repeated as necessary.

5.5 Other measurement methods

Annex A describes a simultaneous measurement method that may also be used. In that method
the equalization and measurement of the hearing aid are done at the same time.

This simultaneous method has the disadvantage that any sound leakage from the hearing aid
and/or from the tubing to the acoustic coupler or occluded ear simulator can affect the sound
field measurement at the control microphone.

Annex B describes a substitution measurement method that that may also be used. In that
method the control microphone is substituted (replaced) for the hearing aid under test.

By using the substitution method the equalization of the sound field is measured in the absence
of the hearing aid, the attached acoustic coupler or occluded ear simulator and the microphone
preamplifier. Therefore, the equalization data will not include the corresponding sound field
diffraction effects.

The simultaneous measurement method and substitution measurement method specified in
Annex A and Annex B respectively may be used if the difference from the sequential method is
negligible. If a method other than that specified in 5.4 is used, the measurement method used
shall be stated.

5.6 Acoustic response measurement

Noise reduction methods for acoustic response measurement, such as narrow band filters, may
be employed except for 1) measurement of equivalent input noise and 2) measurement of
OSPL90. If a narrow band filter is used, the bandwidth of the filter system shall be stated.

5.7 Sound source system

The sound source (pure-tone) system, in combination with a calibrated control microphone
system shall be capable of producing sound pressure levels between 50 dB and 90 dB at the
test point, with a step size of 5 dB or smaller.

If the calibration of the sound source depends on ambient conditions, corrections for such
dependence shall be applied and this shall be stated.
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The accuracy of the sound pressure level at the test point depends upon:

— accuracy of the equalization system consisting of the control microphone with pre-amplifier
and the analysis system for controlling the sound pressure level as described in 5.3. When
using a simultaneous measurement method, the accuracy also depends upon the generator.

— accuracy of the sound generator and sound reproducing device (sound source). In the case
when the sound pressure level at the test point is controlled sequentially (equalization data
are stored), the sound generator stability will not be compensated by the equalization
system.

— positioning accuracy of the control microphone relative to the hearing aid reference point as
described in 5.3.2 and 5.3.3.

— sound-field deviations in the test volume as described in 5.2.2 and 5.2.3.
When using a type 1 anechoic-chamber, the level of the sound source at the test point shall be:

a) within 20,7 dB of the indicated value over the frequency range from 200 Hz to 2 000 Hz,
b) within £1,0 dB of the indicated value over the range from 2 000 Hz to 8 000 Hz,
c) within £1,5 dB of the indicated value over the range from 8 000 Hz to 16 000 Hz.

When using a type 2 test-box the level of the sound source at the test point shall be:

1) within £2,0 dB of the indicated value over the frequency range from 200 Hz to 500 Hz,
2) within £1,5 dB of the indicated value over the range from 500 Hz to 5 000 Hz.

The frequency of the sound source shall be within £0,5 % of the indicated value. The frequency
interval between data points in frequency response curves shall not exceed one-twelfth octave
for log spaced data points or 100 Hz for linear spaced data points.

For frequency response and full-on gain measurements, the total harmonic distortion of the
sound source shall not exceed 1 % for a sound pressure level up to and including 70 dB and
2 % for a sound pressure level greater than 70 dB and up to and including 90 dB.

For harmonic distortion measurements, the total harmonic distortion of the sound source at the
frequencies of the THD measurement shall not exceed 0,5 % up to and including a sound
pressure level of 70 dB and 1 % for a sound pressure level greater than 70 dB and up to and
including 90 dB.

5.8 Measurement system for the sound pressure level and distortion produced by a
hearing aid

The equipment for the measurement of the sound pressure level produced by the hearing aid
shall fulfil the following requirements.

a) The sound pressure level measurement system shall be accurate within 0,5 dB at the
frequency of calibration.

b) The indication of sound pressure level relative to the indication at the frequency of
calibration shall be measured with an expanded uncertainty of no more than £1,5 dB in the
range from 200 Hz to 4 000 Hz and within +2 dB in the range from 4 000 Hz to 16 000 Hz.

c) For measuring the (total) difference frequency distortion down to 100 Hz as in 8.2, the
indication of sound pressure level relative to the indication at the frequency of calibration
shall be measured with an expanded uncertainty of no more than 2,0 dB in the range from
100 Hz to 200 Hz.

d) If, under certain conditions, it is necessary to use a selective measurement system in order
to ensure that the response of the hearing aid to the sound source can be differentiated
from inherent noise in the hearing aid, the use of the selective system shall be stated in the
test report.
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e) The total harmonic distortion in the measuring equipment shall be less than 1 % for sound
pressure levels up to 130 dB and less than 2 % for levels above, up to and including 145 dB.

5.9 Electrical input

To measure the response of the hearing aid for a direct electrical input, the electrical generator
is connected via a cable to the electrical input of the hearing aid. If necessary, in order to
improve noise immunity, an electrical attenuator at the input of the hearing aid can be used.
For example, a 40 dB attenuator consisting of a 990 Q series resistor in combination with a
10 Q parallel resistor.

The measurement system of the electrical input level shall have an accuracy of £1 dB at the
input level measured.

5.10 Direct-current measurement system
The direct-current measurement system shall have the following characteristics:

a) an accuracy of +5 % of the measured DC current;
b) direct-current voltage drop across current-measuring device < 50 mV;

c) an impedance not exceeding 1 Q over the frequency range 200 Hz to 8 000 Hz.

One method of realizing item c) above is to bypass the current meter with an 8 000 yF capacitor.
The capacitor should not shunt the battery or the power supply.

5.11 Magnetic field source for SPLIV measurements

For the measurement of the SPL in a vertical magnetic field (SPLIV), the magnetic field strength
produced by the magnetic loop is computed from the geometry of the loop.

NOTE 1 For example, the magnetic field strength in the centre of a square loop with a side of « metres and carrying
a current of i ampere is given by:

2\/5 iA/m

T a

H=

In the centre of a circular loop with a diameter of d in metres, carrying a current of i amperes, the magnetic field
strength is given by:

NOTE 2 One method for producing constant current conditions is to drive the magnetic field source from a device
having a constant electromotive force and an internal impedance at least 100 times greater than the magnetic field
source input impedance in the frequency range 200 Hz to 8 000 Hz, which, in the case of a low impedance generator,
can be accomplished by a resistor connected in series with the output of the generator.

The test space shall be remote from any field-disturbing iron or other ferromagnetic material or
other material in which eddy currents can be induced that could give rise to a field disturbance.

The magnetic field source shall be provided with a calibration expressing the relationship
between the magnetic field strength in ampere per metre at the test point and the input current
in amperes.

The magnetic field source shall be of such shape and dimensions that inside a sphere of
diameter 10 cm of which the centre is the test point, the deviation from nominal values in
magnitude and direction is less than 5 % and £10°, respectively.
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NOTE 3 A square loop with a side length "a" greater than 0,5 m or a circular loop with a diameter "d" greater than
0,56 m will meet these specifications.

The total harmonic distortion of the magnetic field shall not exceed 1 % at any of the used loop
currents.

NOTE 4 This condition will be met if the distortion of the input current is less than 1 %.

The magnetic field strength at the test point shall be maintained within an accuracy of +1 dB
over the frequency range 200 Hz to 8 000 Hz.

5.12 Magnetic field source for hearing aids having induction pick-up coil for use with a
telephone

For testing a hearing aid with pick-up coil for use with a telephone, a telephone magnetic field
simulator (TMFS) can be used to measure the SPLITS response curve, the HFA-SPLITS and
the relative simulated equivalent telephone sensitivity level (RSETS). The telephone magnetic
field simulator (TMFS) is shown in Figure 4. The material of the TMFS shall not be
field-disturbing iron or other ferromagnetic material or other material in which eddy currents can
be induced that could give rise to a field disturbance. The suggested number of coil turns of the
TMFS is 10 turns.

Dimensions in millimetres
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1 Midpoint of coil thickness

2 Centre-to-centre diameter of coil
2 Chosen to accommodate the number of turns and wire size.

Not critical (example only).

Figure 4 — Telephone magnetic field simulator (TMFS)

6 Normal operating conditions for a hearing aid

6.1 General

The normal operating conditions apply for measurements where no other conditions are
specified.
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6.2 Battery or supply voltage

A suitable power supply that simulates the voltage and internal impedance of real batteries is
preferred. Alternatively, an actual battery of the type recommended by the manufacturer for use
in the hearing aid may be employed.

For the battery simulator, the open circuit voltages and series internal resistors given in Table 2
shall be used. The type of power source used shall be stated. In the event that another type of
(rechargeable) battery will be simulated, the used series resistor and open circuit voltage shall
be stated. The open circuit voltage is the supply voltage with the hearing aid disconnected.

Table 2 — Resistors and open circuit voltages for zinc-air battery simulators

Battery type Series resistor Open circuit voltage
IEC/ANSI designation

Q \
PR521/5A 8,2 1,3
PR70/10A 6,2 1,3
PR41/312 6,2 1,3
PR48/13 6,2 1,3
PR44/675 3,3 1,3

Tolerance of open circuit voltage: £0,05 V

Tolerance of series resistor: £5 %

6.3 Settings of controls

6.3.1 General

For the purpose of setting of controls, the required measurements shall be made using a 2 cm3
acoustic coupler in accordance with IEC 60318-5 over the frequency range of 200 Hz to
5 000 Hz.

6.3.2 Full-on setting (FOS)

The manufacturer shall specify the full-on setting (FOS) used for testing by providing test
settings, a set of programmed settings or by reference to physical control settings.

The hearing aid shall be set full-on to provide highest gain within the frequency range of the
hearing aid. The output limiter shall be set to provide maximum output level.

The tone control shall be set to give the widest achievable frequency range.

Where possible, the AGC function of AGC hearing aids shall be set to have minimum effect for
all tests except those of 8.5. For the tests of 8.5, the AGC function shall be set to have maximum
effect. For the purposes of this document, both compression and expansion shall be considered
as a part of the AGC function.

Other adaptive features, such as some noise suppression, and feedback suppression systems
etc., which can affect the validity of measurements made with steady-state pure-tone signals,
shall be disabled. If it is not possible to disable all adaptive features, it shall be stated clearly
which functions could not be disabled partly or fully.

6.3.3 Reference test setting (RTS)

The manufacturer shall specify the hearing aid setting for RTS by providing test settings, a set
of programmed settings or by reference to physical control settings. Documents
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The hearing aid settings shall fulfil the definition of RTS defined in Clause 3.

NOTE The fulfilment of the definition of RTS is usually achieved by reducing the overall gain relative to FOS.

The RTS shall be determined using the 2 cm3 coupler specified in IEC 60318-5, regardless of
whether the coupler or ear simulator is used for the measurement.

Where possible, the AGC function of AGC hearing aids shall be set to have minimum effect for
all tests except for those of 8.5. For the tests of 8.5, the AGC function shall be set to have
maximum effect. For the purposes of this document, both compression and expansion shall be
considered as part of the AGC function.

Other adaptive features, such as some noise suppression, and feedback suppression systems
etc., which can affect the validity of measurements made with steady-state pure-tone signals,
shall be disabled. If it is not possible to disable all adaptive features, the functions that cannot
be disabled partly or fully shall be stated.

6.4 Ambient conditions

Actual conditions in the test space at the time of test should be within the following ranges, and
shall be stated:

Temperature: 23°C+8°C
Relative humidity: 0 % to 80 %
Atmospheric pressure: 101,3 j520 kPa

If other conditions apply, these conditions shall be stated.

6.5 Acoustical connection to the hearing aid

Different hearing aid sound outlet systems such as insert earphones, ear-hook type or sound
tubing, may be employed. Depending on the acoustic coupler or occluded ear simulator used,
the appropriate clause(s) of IEC 60318-5, IEC 60318-4 or IEC 60318-8 apply.

The acoustical connection to the hearing aid shall be stated.

6.6 Accessories

For accessories used in connection with the hearing aid, the particular accessories shall be
stated.

7 Basic acoustic hearing aid measurements

71 General

Basic measurements in this Clause 7 shall be performed using an acoustic coupler or occluded
ear simulator over the indicated frequency range as stated in 4.2. The coupler or occluded ear
simulator used shall be stated.

7.2 Frequency response curves

All published frequency response curves shall be plotted on a grid having a linear decibel
ordinate scale and a logarithmic frequency abscissa scale with the length of one decade on the
abscissa equal to the length of 50 dB +2 dB on the ordinate as per IEC 60263.
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7.3 OSPL90 frequency response curve

The test procedure for the output sound pressure level frequency response curve for an input
sound pressure level of 90 dB (OSPL90 frequency response curve) is as follows.

a) Program the hearing aid to full-on setting (FOS) as stated in 6.3.2.

b) Keeping the input sound pressure level constant at 90 dB, vary the frequency of the sound
source over the frequency range under test (see Table 1). Measure and record the OSPL90
frequency response curve so obtained. The measurement shall be performed at all
frequencies using a wideband detector without selective filtering. The OSPL90 frequency
response shall include the full output response of a hearing aid including any nonlinear
distortion.

c) From this data, obtain the maximum OSPL90 (Figure 5).
d) Calculate the HFA-OSPL90 as the average of the OSPL90 values at the HFA frequencies
(Figure 5).
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Hearing aid output (SPL, in decibels)
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Basic frequency response curve

Maximum OSPL90

m o O © »

Figure 5 — Example of OSPL90 curve and basic frequency response curve

7.4  Full-on gain frequency response curve
The test procedure is as follows.

a) Set the hearing aid to FOS as stated in 6.3.2.

b) Keeping the input sound pressure level constant at 50 dB, vary the frequency of the sound
source over the frequency range under test. Measure the acoustic coupler or occluded ear
simulator SPL versus frequency.
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c) Record the full-on gain frequency response curve as the level difference obtained by
subtracting 50 dB from the acoustic coupler or occluded ear simulator SPL versus
frequency.

d) From the full-on gain frequency response curve, calculate the HFA full-on gain (HFA-FOG)
as the average of the full-on gain values at the HFA frequencies.

Optionally, from the full-on gain frequency response curve, obtain the maximum full-on gain
value.

7.5 Basic frequency response curve
7.51 Test procedure
The test procedure is as follows.

a) Set the hearing aid setting to the RTS as stated in 6.3.3.

b) Keeping the input sound pressure level constant at 60 dB, vary the frequency of the sound
source over the frequency range under test. Measure and record the basic frequency
response curve (Figure 6).

c) Optionally, repeat the measurement and recording for other values of the input sound
pressure level to show the behaviour of the hearing aid at various input levels.

For directional hearing aids, the measurement can be made at multiple orientations relative to
the reference orientation described in 5.3.3.

7.5.2 Frequency range of amplification
The test procedure is as follows.

a) From the basic frequency response curve calculate the HFA output level.

b) Determine the lowest (f;) and highest (f,) frequencies at which the frequency response

curve is equal to the HFA output level minus 20 dB (see Figure 6). In the case where there
are multiple crossings of the response curve with the HFA minus 20 dB level, the f; shall be

selected as the lowest frequency where the response is above the line and the f, shall be
chosen as the highest frequency where the response is above the line.

c) The frequency range is from f; to f5.

If f; and f, cannot be determined because they would fall outside the frequency range, they can
be shown as f; < 200 Hz and f;, 2 5 000 Hz, = 8 000 Hz, or 2 16 000 Hz.

The frequency range of amplification is stated for information purposes only.
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Figure 6 — Example of determination of frequency range
from basic frequency response curve

7.5.3 Reference test gain (RTG)

Report the reference test gain as the HFA gain with the hearing aid setting at RTS and an input
SPL of 60 dB. The RTG is stated for information purposes only.

7.6 Total harmonic distortion

For the purpose of this document the total harmonic distortion THD [%] is calculated as:

THD [%] = 100y(p,2 + p;2) / p?

where

)2 is the sound pressure of the fundamental in the acoustic coupler or occluded ear
simulator;

P2 P3 is the sound pressure of the second and third harmonics in the acoustic coupler or

occluded ear simulator.

NOTE The p symbols above are sound pressures in [Pa] not SPLs in [dB].
The test procedure is as follows.

a) Program and/or set the hearing aid setting to the RTS as stated in 6.3.3.

b) Measure and state total harmonic distortion THD [%] at the frequencies and levels as
outlined in Table 3 (the frequencies actually used shall be stated). The harmonics p, and p3
shall be included, provided these are within the frequency range under test.

c) If the basic frequency response curve rises 12 dB or more between any diim%
frequency and its second harmonic, distortion tests at that frequency mayv be o

test
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Table 3 — Distortion test frequencies and input sound pressure levels

Distortion test frequency Input SPL
500 Hz 70 dB
800 Hz 70 dB
1600 Hz 65 dB
3 200 Hz 60 dB

Care should be taken when measuring the total harmonic distortion, as errors can be caused
by spurious signals such as noise and hum.

8 Special hearing aid measurements

8.1 General

Special hearing aid measurements in this Clause 8 shall be performed using the 2 cm3 coupler
in accordance with IEC 60318-5 over the indicated frequency ranges as stated in 4.3. The
0,4 cm3 coupler according to IEC 60318-8 can also be applied when responses above 8 kHz
can be relevant to characterize a hearing aid or for a deeply inserted hearing aid. For (total)
difference frequency distortion measurements as in 8.2 the 2 cm3 coupler and the 0,4 cm3
coupler can also be used to measure distortion products down to 100 Hz.

8.2 Difference frequency distortion
8.2.1 Difference frequency distortion products

Difference frequency distortion is measured using an input acoustic stimulus composed of two
equal level pure tones at frequencies f; and f,, f, being a greater frequency than f;. The levels

of the negative second order (f; — f1), the negative third order (2f; — f5) and the positive third
order (2f, — f4) difference frequency distortion products shall be measured and expressed in %
or dB relative to the sum of the sound pressure amplitudes at f; and f,. The difference frequency
distortion products are calculated as:

|P(f2 —f1)|
Dpgo.=100—————F—,
F2 p(H)|+|p(12)
2fs —
DpF 3. :100M,
(A1) +[p(f2)
|P(2f2 —f1)|
Dp =100———————,
Fer ()| +]p(12))
where
DpE; is the ith order difference frequency distortion product, expressed in percent (%);
p(f) is the sound pressure at frequency f, expressed in Pa.

Difference frequency distortion products may be expressed in decibels as 20log4q(Dpg;/100).
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The test procedure is as follows.

a) Set the hearing aid setting to RTS as stated in 6.3.3.

b) Select a suitable number of frequencies f, in the range 350 Hz to 8 000 Hz. For a constant

linear frequency format, 100 Hz frequency resolution is recommended. For log frequency
format, frequencies in the ISO R40 (one-twelfth octave) series are recommended. The
measured distortion products shall be plotted at f,.

c) Adjust frequency f; such that Af = f, — f; = 125 Hz.
d) Adjust the level of each stimulus tone at f; and f, to 62 dB SPL.
e) Measure the output sound pressure of the fundamentals at f; and f, and the difference

frequency output distortion products f, — f; (-2nd order), 2f, — f; (3rd order) and 2f; — /5

(-3rd order) with a suitable filter. The output level of the filter should decrease by at least
10 dB when signal f; is switched off. If the distortion level is very low the signal cannot

decrease by at least 10 dB. In that case the distortion will be reported as less (<) than the
measured filter output level. The bandwidth of the filter should be stated. An example of the
measured difference frequency output sound pressure levels is given in Figure 7.

f) Plot the difference frequency distortion products in % or dB as a function of f,. See example
in Figure 8.
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Figure 7 — Example of fundamental and difference frequency distortion products

8.2.2 Total difference frequency distortion

From the measurements in 8.2.1, the total difference frequency distortion is calculated as:

Dpr :\/DDF 2.2 +(DpF 3.+ Dpr 3+)2

where
Dpge  is the total difference frequency distortion, expressed in percent (%);

Dpg; s the ith order difference frequency distortion product as measured in 8.2.1, expressed
in percent (%).

Total difference frequency distortion may be expressed in decibels as 20log4(Dpg/100).

Additional difference frequency distortion products may be included in the totaDja‘e'ﬂments

frequency distortion in accordance with IEC 60268-2. If so, this shall be statac.
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The total difference frequency distortion may be plotted as a function of f;, either in units of
percent (%) or decibels (dB). Figure 8 gives an example.
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Figure 8 — Example of total difference frequency distortion

8.3 Equivalent input noise (EIN)
The broadband equivalent input noise (EIN) is measured as follows.

a) With the sound source switched off, the sound pressure level of the ambient noise in the
test space at the reference point of the hearing aid is measured using a measurement
bandwidth of 200 Hz to 8 000 Hz and an averaging time of at least 0,5 s. The ambient noise
in the test space shall be at least 10 dB below the EIN as calculated in f).

b) Set the hearing aid to RTS as stated in 6.3.3.
c) Determine the HFA gain (HFA-50) for an input SPL of 50 dB.
d) Switch off the input sound source.

e) Measure the total steady-state output noise sound pressure level (L,) using a measurement

bandwidth of 200 Hz to 8 000 Hz and an averaging time of at least 0,5 s. To determine that
the test equipment noise is adequately low, the measured noise should decrease by at least
10 dB when the hearing aid is turned off.

f) Calculate the equivalent input noise level according to the following formula:
EIN=L -H

where

L, is the output noise level measured in e);

H is HFA-50. Documents
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For measuring the ambient noise level at the reference point, a low noise microphone (e.g.
WS1P type) may be required, instead of using the control microphone.

If low-level expansion is active in the hearing aid during the measurement, this condition shall
be stated by the manufacturer.

8.4 Equivalent input noise in one-third-octave bands (EIN-one-third-octave)

The equivalent input noise measured as a function of frequency in the range of measurement
200 Hz to 8 000 Hz is measured in one-third-octave bands by the test procedure as follows.

a) With the sound source switched off, the sound pressure level of the ambient noise in the
test space at the reference point of the hearing aid is measured in one-third-octave bands
with centre frequencies in the range of measurement. The ambient noise in the test space
shall be at least 10 dB below the equivalent input noise level as calculated in g) in each
third-octave band.

b) With the hearing aid and the sound source switched off, the spectrum of the test equipment
noise is measured in one-third-octave bands with centre frequencies in the range of
measurement. The test equipment noise shall be at least 10 dB below the output noise level
as measured in f).

c) Set the hearing aid to RTS and set other controls as stated in 6.3.3.

d) Determine the acoustic gain for pure tones (G) as the difference between the output and
input sound pressure levels at the centre frequencies of the one-third-octave filters in the
range of measurement for an input sound pressure level of 50 dB. An example is shown in
Figure 9.

e) Switch off the input sound source.

f) Measure the hearing aid output noise sound pressure level for one-third-octave bands (L,)
with centre frequencies in the range of measurement. An example is shown in Figure 10.

g) Calculate the equivalent input noise level for each one-third-octave band according to the
following formula:

EIN3=L -G
where
EIN3 is the EIN-one-third-octave;
L, is the output noise level measured in f);
G is the pure-tone gain measured in d).

An example is shown in Figure 11.

Results for which the test equipment noise measured in b) is not 10 dB or more below the output
noise measured in f) and/or the ambient noise measured in a) is not 10 dB or more below the
equivalent input noise calculated in g) should be removed or be marked as invalid.

Measurements in a), b), d) and f) may be carried out by continuous recording.

For measuring the ambient noise level at the reference point, a low noise microphone (e.g.
WS1P type) may be required.

If low-level expansion is active in the hearing aid during the measurement, this condition shall
be stated by the manufacturer.
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Figure 10 — Example of hearing aid output noise and test equipment noise
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Figure 11 — Example of hearing aid equivalent input noise and ambient noise

8.5 Measurements of AGC hearing aids
8.5.1 General

These measurements are performed at 2 000 Hz but may also be performed at other
frequencies in the range from 200 Hz to 8 000 Hz.

The selected frequencies shall be stated.

8.5.2 Steady-state input-output characteristics
The test procedure is as follows.

a) Set the hearing aid to RTS and set other controls as stated in 6.3.3.

b) Measure the acoustic coupler SPL for input sound pressure levels in the range from 50 dB
or lower to at least 90 dB, in steps not greater than 5 dB, at each of the selected AGC test
frequencies.

c) Plot the output SPL versus input SPL; use linear decibel scales and same size divisions for
ordinate and abscissa. An example is given in Figure 12.

The duration of each of the steps should be long enough to allow the output sound pressure
level to reach steady-state conditions.
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Figure 12 — Example of a steady-state input-output characteristic

8.5.3 AGC characteristics (attack and release time)
The test procedure is as follows.

a) Set the hearing aid to RTS and set other controls as stated in 6.3.3.
b) Select an AGC test frequency with the input SPL level alternating between 55 dB and 90 dB.

c) Measure acoustic coupler SPL over time; the duration at each level has to be long enough
to allow the output SPL to reach steady-state conditions.

NOTE To display the output SPL over time an oscilloscope can be connected to the measuring amplifier.
d) Determine the attack time from the time plot of the envelope of acoustic output.

e) The attack time is defined as the time span from the level change from 55 dB to 90 dB SPL
to the point where the SPL has stabilized within 3 dB.

f) Determine the release time from the time plot of the envelope of acoustic output.

g) The release time is defined as the time taken for the level to fall from 90 dB to 55 dB SPL,
to the point where the level has stabilized to within 4 dB.

8.6 Effects of tone control and gain control
8.6.1 Basic frequency response: effect of tone control
The test procedure is as follows.

a) Set the tone control to the required setting.
b) Set the hearing aid to RTS as stated in 6.3.3.

c) Keeping the input sound pressure level constant at 60 dB, vary the frequency of the sound
source over the frequency range under test. Measure and record the basic frequency
response curve so obtained.

d) Repeat the test in ¢) with the various tone control settings to be tested.
8.6.2 Frequency response: effect of gain control position
The test procedure is as follows.

a) Proceed as stated in 7.5.1 a), b) and c).

b) Set the gain control from the full-on position downward in approximately 10 steps at

1 600 Hz. ocuments
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c) Keeping the input sound pressure level constant at 60 dB, vary the frequency of the sound
source over the frequency range under test. Measure and record the frequency response
curve so obtained.

d) Repeat the test in ¢) with the various gain control settings to be tested.
8.6.3 Characteristics of the gain control
The test procedure is as follows.

a) Set the hearing aid to FOS as stated in 6.3.2.

b) Adjust the input SPL to 60 dB.

c) Adjust the frequency to 1 600 Hz.

d) Determine the acoustic gain.

e) Repeat the test with a sufficient number of gain control settings to cover its full range.

f) Plot the acoustic gain relative to the full-on gain versus settings of the gain control, using a
linear scale for the position of the gain control.

8.7 Battery related measurements

8.7.1 General

A suitable power supply that simulates the voltage and internal impedance of real batteries for
use in hearing aids shall be used. The type of power source used shall be stated.

The open circuit voltages and series internal resistors given in Table 2 shall be used. In the
event that another type of (rechargeable) battery will be simulated, the used series resistor and
open circuit voltage shall be stated. The open circuit voltage is the supply voltage with the
hearing aid disconnected.

The measurements in this Subclause 8.7.1 do not apply to hearing aids with a permanently
enclosed rechargeable battery, unless this rechargeable battery will be disconnected.

8.7.2 Battery current measurement

a) Set the hearing aid to RTS as stated in 6.3.3.

b) Measure the current with an input SPL of 65 dB at 1 000 Hz. The current measurement
system shall conform to 5.10.

The battery current measurement is not representative of actual use conditions and therefore
should not be used for comparing performance between different hearing aid models.

8.7.3 Effects of variation of battery or supply voltage and internal resistance
8.7.3.1 Full-on gain response
The test procedure is as follows.

a) Set the hearing aid to FOS as stated in 6.3.2.
b) Adjust the frequency to 1 600 Hz.

c) Adjust the input SPL to 50 dB.

d) Determine the acoustic gain.

e) Repeat the test for various values of the supply voltage within the specified voltage range
for normal operation of the battery.

f) Plot the acoustic gain relative to the full-on gain obtained at normal battery voltage versus
voltage.

g) Repeat the test at a constant supply voltage for various values of the internal Wents
within the resistance range of interest for the battery recommended for tie rearmgia .
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h) Plot the acoustic gain relative to the gain obtained at normal internal resistance versus
internal resistance.

8.7.3.2 OSPL90
The test procedure is as follows.

a) Set the hearing aid to FOS as stated in 6.3.2.
b) Adjust the frequency to 1 600 Hz.

c) Adjust the input SPL to 90 dB.

d) Measure the OSPL90.

e) Repeat the test for various values of the supply voltage within the voltage range of the
hearing aid.

f) Plot the OSPL90 values relative to the value obtained at normal battery voltage, versus
voltage.

g) Repeat the test at a constant supply voltage for various values of the internal resistance
within the resistance range of interest for the battery recommended for the hearing aid.

h) Plot the OSPL90 values relative to the value obtained at normal internal resistance versus
internal resistance.

8.7.3.3 Total harmonic distortion

Repeat the procedure described in 7.6 using appropriate battery or supply voltages within a
range as stated by the hearing aid manufacturer.

Repeat the procedure described in 7.6 using various values of the internal resistance within a
range as stated by the hearing aid manufacturer.

8.7.3.4 Difference frequency distortion

Repeat the procedure described in 8.2 using appropriate battery or supply voltages within a
range as stated by the hearing aid manufacturer.

Repeat the procedure described in 8.2 using various values of the internal resistance within a
range as stated by the hearing aid manufacturer.

9 Special measurements for hearing aids having non-acoustical inputs

9.1 General

Hearing aids can have non-acoustical inputs such as an induction pick-up coil (telecoil), direct
electrical input, or wireless input.

Special hearing aid measurements in this Clause 9 shall be performed by the 2 cm3 acoustic
coupler in accordance with IEC 60318-5 over the indicated frequency range as stated in 4.3.
The 0,4 cm3 acoustic coupler can also be applied when responses above 8 kHz can be relevant
to characterize a hearing aid or when for a deeply inserted hearing aid. The use of the 0,4 cm?3
acoustic coupler shall be stated.

Documents

Document Sharing Hub

Full document details: IEC 60118-0 2022


http://avadocuments2026.com/doc/iec-60118-0-2022
http://avadocuments2026.com/doc/iec-60118-0-2022

IEC 60118-0:2022 © |EC 2022 - 43 -

9.2 Equivalence of output levels for a non-acoustical input

When a hearing aid is worn on the head, sound waves are diffracted by the body, head and ear
that modify the acoustical microphone input level relative to a free sound field condition. This
effect is referred to as microphone location effect (MLE). The measurement of the microphone
location effect for simulated in situ conditions is described in IEC 60118-8. Examples of MLE
response curves for various types of hearing aids are provided in Annex A of IEC 60118-8:2005.
This effect is only present for the acoustic input path and not for the non-acoustic input path.
Therefore, when measured according to this document, equivalency is achieved when the
output level for the non-acoustic path, in comparison to the acoustic path, is added with the
amount of MLE.

NOTE 1 When plotting SPL due to non-acoustic inputs, such as SPLIV, it is useful to include in the same graph the
basic frequency response curve for reference. On that it is noted that the MLE is not included when comparing.

NOTE 2 Annex C provides a description for the equivalence of the basic response curves when the hearing aid is
having an acoustical or a non-acoustical input. With a known microphone location effect (MLE) it is possible to
characterize the equivalency of inputs with the methods of this document.

9.3 Measurement setup for "Wireless" input (WL)
9.3.1 General

Systems having a wireless input shall be measured by applying an acoustic input signal to the
microphone of the wireless transmitter microphone and measurement of the acoustic coupler
SPL at the hearing aid output. The same acoustic input levels are used as used for the normal
measurements using the hearing aid microphone as input port.

9.3.2 Measurement setup
The measurement setup is as follows.

a) The wireless transmitter is placed in the test space of a type 1 or type 2 test enclosure as
described in 5.2 and with the wireless transmitter microphone in an orientation reflecting
actual use.

b) The control microphone is placed close to the sound inlet port of the wireless transmitter
microphone at a distance of 5 mm +3 mm. If this distance cannot be achieved or when the
location of the sound inlet port cannot be located, the actual position of the control
microphone shall be stated.

c¢) The hearing aid with wireless input is connected to an acoustic coupler and placed in a test
enclosure that is sufficiently isolated from unwanted stimuli as described in 5.2.1.

d) The wireless transmitter is switched on and the hearing aid is switched to wireless input
operating mode.

If the hearing aid can pick up wireless and acoustic signals simultaneously, care should be
taken that no acoustic signal from test enclosure 1 can leak to the hearing aid. If necessary and
as shown in Figure 13 the measurement can be performed in two separate test enclosures.
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Figure 13 — Measurement setup for wireless input

9.3.3 Wireless basic frequency response SPLWL

The basic wireless frequency response (SPLWL) shall be measured in a similar procedure as
given in 7.5.1 with setting of controls to the RTS as stated in 6.3.3.

9.3.4 HFA-SPLWL
The test procedure for the HFA-SPLWL is as follows.

a) Perform the SPLWL measurements at the three HFA frequencies as described in 9.3.3.
b) Calculate the HFA-SPLWL as the average of the SPLWL at the three HFA frequencies.

9.3.5 Frequency response with full-on setting

The full-on frequency response test procedure is identical to the procedure given in 7.4 with
setting of controls to FOS as per 6.3.2.

9.3.6 Equivalent wireless input sensitivity level (EWLS)

The equivalent wireless input sensitivity level (EWLS) is calculated in dB as:

EWLS = — (RTG +60)

where
w is the HFA-SPLWL.

NOTE When the EWLS = 0 dB it means that the wireless signal corresponds to an acoustic input at the microphone

of 60 dB SPL at the HFA frequencies (in free-field simulated conditions). The target value for equivalent sensitivity

of acoustic input and wireless input (EWLS) depends on the hearing aid style and can substantially di
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9.4 Hearing aids with electrical input
9.4.1 General

The equivalency of electrical input sensitivity EEIS is that an electric signal of 0,67 mV
(-64 dBV) corresponds to an acoustic input at the microphone of 60 dB SPL at the HFA
frequencies.

NOTE The electric input signal for measuring hearing aids with electric input has been changed to 0,67 mV, which
replaces the 2 mV value as used in previous editions of this document. The 0,67 mV will correspond to an acoustic
input at the microphone of 60 dB SPL at the HFA frequencies (in previous editions of this document, this value was
70 dB SPL).

For all measurements the hearing aid is switched to the electrical input operating mode.

9.4.2 Basic frequency response (SPLEI)

The basic electric input frequency response (SPLEI) is measured in a similar procedure as
given in 7.5.1 with setting of controls to the RTS as stated in 6.3.3. Adjust the electric input
signal to 0,67 mV (-64 dBV).

NOTE The electric input signal for measuring the SPLEI has been changed to 0,67 mV, which replaces the 2 mV
value as used in previous editions of this document.

9.4.3 HFA-SPLEI
The test procedure for the HFA-SPLEI is as follows.

a) Perform the SPLEI measurements at the three HFA frequencies as described in 9.4.2.
b) Calculate the HFA-SPLEI as the average of the SPLEI at the three HFA frequencies.

9.4.4 Frequency response with full-on setting

The full-on frequency response test procedure is identical to the procedure given in 7.4 with
setting of controls as per 6.3.2. Adjust the electric input signal to 0,67 mV (-64 dBV).

NOTE The electric input signal for measuring the frequency response at full-on hearing aid setting has been
changed to 0,67 mV, which replaces the 2 mV value as used in previous editions of this document.

9.4.5 Equivalent electrical input sensitivity level (EEIS)

The equivalent electrical input sensitivity level (EEIS) is calculated in dB as:

EEIS = E—(RTG + 60)
where
E is the HFA-SPLEI.

NOTE When the EEIS =0 dB it means that an electric input signal of 0,67 mV (-64 dBV) corresponds to an acoustic
input at the microphone of 60 dB SPL at the HFA frequencies (in free-field simulated conditions). The target value
for equivalent sensitivity of acoustic input and electric input (EEIS) depends on the hearing aid style and can
substantially differ from 0 dB. See Annex C.

9.4.6 Connector system for electrical input

Use of one of the three-terminal connector systems (the three-terminal polarized plug or the
three-terminal circular connector system) specified in IEC 60118-12 is required.

The pins of the three-terminal polarized plug shall have the following electrical functions:

e thick pin: common;
e mid-pin: supply voltage (if used); Documents
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