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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MICROSPEAKERS

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.

International Standard IEC 63034 has been prepared by IEC technical committee 100: Audio,
video and multimedia systems and equipment.

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

CbhV Report on voting
100/3107/CDV 100/3211/RVC

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://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.

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

1 Scope

This document specifies the characteristics of microspeakers as well as the relevant test
methods on microspeakers using steady-state sinusoidal signals, sinusoidal chirp, multi-tone
or noise. The main characteristics include, but are not limited to, impedance, displacement,
amplitude frequency response, distortion, and power handling.

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 60268-1, Sound system equipment — Part 1: General

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

IEC 60268-21:2018, Sound system equipment — Acoustical (output based) measurement

IEC 60268-22:2020, Sound system equipment — Electrical and mechanical measurements on
transducers

IEC 61260-1, Electroacoustics — Octave-band and fractional-octave-band filters — Part 1:
Specifications

3 Terms, definitions and abbreviated terms
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 Terms and definitions

3.11

microspeaker

loudspeaker, the radiating element (diaphragm or other radiator) of which is not greater than
40 mm

Note 1 to entry: The term "microspeaker" applies to the microspeaker unit (transducer) and also to passive
microspeaker systems, which consist of one or more transducers provided with acoustical structures (e.g. chamber,
port, aperture).

3.2 Abbreviated terms

HOHD higher-order harmonic distortion
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4 Conditions of measurement

4.1 Rated measuring conditions

For convenience, this document specifies how sound system equipment shall be set up for
measurement. Normal measuring conditions are defined in this document. To obtain the actual
conditions for measurement, some values (known as "rated conditions") shall be taken from the
manufacturer’s specification.

These rated conditions are not subjected to measurement, but they constitute the basis for
performing the measurements to determine the other characteristics.

The following rated conditions are of this type, and shall be stated by the manufacturer:

— rated impedance;

— rated sinusoidal voltage or power;
— rated noise voltage or power;

— rated frequency range;

— rated geometrical condition;

— rated climatic conditions.

NOTE A full explanation of the term "rated" is provided in IEC 60268-2. See also term 151-16-08 in IEC 60050-
151:2001.

4.2 Climatic conditions

IEC 60268-1 states that tests should be carried out in the following environment in order to
prevent the influence of temperature and humidity that can affect the properties of
microspeakers.

— ambient temperature: 15 °C to 35 °C;

— relative humidity: 25 % to 75 %;

— air pressure: 86 kPa to 106 kPa.

And the standard climatic conditions for arbitration testing are as follows:

— ambient temperature: (23 £ 1) °C;
— relative humidity: 48 % to 52 %;
— air pressure: 86 kPa to 106 kPa.

4.3 Normal measuring conditions

The microspeaker is understood to be working under normal measuring conditions when all the
following conditions are fulfilled:

a) the acoustical environment is specified, and chosen from the ones specified in Clause 5;
b) the microspeaker to be measured is mounted in accordance with Clause 6;

c) the microspeaker is positioned with respect to the measuring microphone and the walls in
accordance with Clause 7;

d) the measuring equipment suitable for determining the desired characteristics is connected
in accordance with Clause 8;

e) the microspeaker is supplied with a specified test signal, in accordance with Clause 11, of
a stated voltage U, within the rated frequency range in accordance with 16.1. If required,
the input power P can be calculated from the equation: P = U2/R, where R is the rated
impedance in accordance with 13.2.
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5 Acoustical environment

5.1 General

Acoustical measurements will be made according to one of the acoustic field conditions
specified in 5.2 to 5.5, and the choice shall be stated in the results.

5.2 Free-field conditions

Acoustical conditions that approach those of free-field space are used. The environment shall
be considered satisfactory where the sound pressure decreases with the distance (r) from a
point source according to the 1/r law, also with an accuracy of £0,5 dB in the measured sound
pressure amplitude in the region occupied by the sound field between the microspeaker and
the microphone during the measurement.

Free-field conditions will prevail over the whole frequency range of measurement. If the
environment (e.g. an anechoic chamber at low frequencies) does not fulfill these free-field
conditions over the entire frequency range of the measurement, the manufacturer shall state
the valid frequency range.

5.3 Half-space free-field conditions

Acoustical conditions where a free-field (see 5.2) exists in a half space are used. These
conditions will be met with a reflecting plane of sufficient size so that the sound pressure from
a point source mounted on the surface of the plane decreases in the manner specified in 5.2.

5.4 Simulated free-field conditions

Acoustical conditions where the simulated free-field conditions are equivalent to those of free
space for the period required for a measurement are used.

The conditions will be met in any environment (e.g. large rooms with no obstructions) where
sound emitted by the microspeaker reflected from any surface or object in the environment does
not reach the measuring microphone before the completion of the direct sound measurement.

Any such reflection reaching the microphone will be excluded from the measurement by gating
or other means.

NOTE Under such conditions, successive measurements are separated by time intervals sufficient for the sound
pressure level to decrease to a negligible value owing to reverberation within the space.

5.5 Half-space simulated free-field conditions

Acoustical conditions where the simulated free-field (see 5.4) exists in a half-space are used.
These conditions shall be used when a reflecting plane, forming one boundary of a simulated
free-field environment, is of sufficient size that no reflections from its edge reach the measuring
microphone during the measurement.

NOTE Under such conditions, successive measurements are separated by time intervals sufficient for the sound
pressure level to decrease to a negligible value owing to reverberations within the space.

6 Mounting of the microspeaker

6.1 Mounting and acoustic loading of microspeaker units

The performance of the drive unit (transducer) is determined by the properties of the unit itself
as well as its acoustic loading. The acoustic loading depends upon the mounting arrangement,
which shall be clearly described in the presentation of the results.
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One of the following three types of mounting shall be used:

a) in free-field, a standard micro-baffle, the drive unit with/without a specified measuring
enclosure;

b) in free-field, in free air, the drive unit with/without a specified measuring enclosure;

c) in free-field, a plane wave tube, the drive unit with/without a specified measuring enclosure;

d) in half-space free-field, the drive unit flushed with a reflecting plane, the drive unit
with/without a specified measuring enclosure.

NOTE Mounting condition a) approaches a half-space free-field down to a lower limiting frequency, the value of
which depends on the chosen measuring distance. Measurements made at frequencies below this limiting value can
be used for comparative purposes only.

The structure and material of a specified measuring enclosure (known as a "box"), whose net
volume is usually no more than 1 cm3, shall be specified by the manufacturer and indicated in
the results.

6.2 Mounting and acoustic loading of microspeaker systems

Microspeaker systems are usually measured without an additional baffle. If the manufacturer
specifies a special type of mounting for the microspeaker system, this shall be used for the
measurement. The mounting method used shall be specified in the results.

6.3 Standard micro-baffle

The standard micro-baffle shall be made of a plane front surface that is acoustically reflective.
The micro-baffle shall have the dimensions shown in Figure 1.

The standard micro-baffle should be made of a material of adequate thickness to ensure
negligible vibration. The edge of the radiating element should be substantially flush with the
front of the micro-baffle. This may be achieved by using a thin, rigid sub-baffle with or without
a chamfer, as shown in Figure 2.

Dimensions in millimetres
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Figure 1 — Standard micro-baffle Documents
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<1 mm
I
<4 mm
IEC IEC
a) Sub-baffle with a chamfer b) Sub-baffle without a chamfer

Figure 2 — Standard micro-baffle with sub-baffle

6.4 Measuring plane wave tube

The tube shown in Figure 3 shall be used. The tube shall be made with an acoustically reflective
material.

tube
Open

Sound absorbing material
IEC

The diameter of the tube dype shall be 1,5 to 2,5 times as large as the diameter of the radiating element to be

measured. The length of the tube / shall be between 600 mm and 1 000 mm.
The tube shall be of a material with adequate stiffness to ensure negligible vibration.
The edge of the radiating element shall be substantially flush with the front surface of the end of the tube.

An appropriate sound absorbing material shall be used to remove standing waves that can occur in the tube. A
clearance /, of between 150 mm and 200 mm and a length /, of between 200 mm and 500 mm are recommended.

The recommended material of the tube is PVC (vinyl chloride). The recommended material of sound absorbing

material is polyester fibre (density: approximately between 20 kg/m® and 25 kg/m?3, total mass: between 14 g
and 30 g).

After mounting with plane wave tube, the fundamental resonance frequency of the drive unit shall not be changed by
more than 5 % and no additional resonance peak shall be generated in the electrical input impedance.

Figure 3 — Plane wave tube
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7 Positioning of microspeaker and measuring microphone

71 Positioning of the microspeaker
711 General

The terms in 7.1 are specified by the manufacturer and cannot be measured.

7.1.2 Rated geometrical condition
NOTE This is a rated condition in accordance with 4.1.

The position and orientation of the diaphragm or other kind of radiator shall be stated using the
radiator’s reference point o,¢, the normal vector n.o; and the polar vector p.; as illustrated in

Figure 4.

IEC

Figure 4 — Rated geometrical conditions of the microspeaker

7.1.3 Reference plane

A reference plane with respect to a physical feature of the microspeaker shall be specified by
the manufacturer.

The reference plane shall be used to define the position of the reference point o, and the
direction of the normal vector #.

NOTE For symmetrical structures, the reference plane is usually parallel to the radiating surface at the rest position
of the microspeaker. For asymmetrical structures, the reference plane is better indicated by means of a diagram.

7.1.4 Reference point

A reference point on the reference plane shall be specified by the manufacturer.

NOTE For symmetrical structures, the reference point o is usually the point of axial symmetry of the microspeaker
within the reference plane; for asymmetrical structures, the reference point is better indicated by means of a diagram.

7.1.5 Normal vector

The line perpendicular to the reference plane at the reference point as well as its direction shall
be specified by the manufacturer. The normal vector n ¢ also defines the polar angle § =0 in

spherical coordinates.
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7.1.6 Polar vector

The ray from the reference point o, in the reference plane shall be specified by the
manufacturer. The polar vector p. also defines the azimuthal angle ¢ =0 in spherical
coordinates.

7.2 Measuring distance under free-field and half-space free-field conditions
7.2.1 Far-field condition

Measurements under free-field and half-space free-field conditions should ideally be carried out
in the far field of the microspeaker in order to obtain consistent results. The location in the far
field is determined when the following conditions are fulfilled:
1) rzd
2) rzd?/ .
Where,
r is the measuring distance, expressed in m;
is the effective dimension of the radiating elements, expressed in m;
/A is the sound wavelength, depending on the upper limit of the target frequency range,
expressed in m.

However, in practice, imperfections in the measuring environment (room) and the effects of
background noise set an upper limit on the distance that can be used. Therefore, the measuring
distance should be 0,05 m or an integral number of 0,1 m.

7.2.2 Single microspeaker unit (transducer)

For this type of microspeaker, a measuring distance of 0,1 m from the reference point shall be
used unless special conditions dictate another value, which shall be stated.

7.2.3 Multi-unit microspeaker systems

The multi-unit microspeaker systems consist of two or more radiating elements reproducing the
same frequency band. The measuring distance shall satisfy the far-field condition (see 7.2.1)
unless special conditions dictate another value, which shall be stated.

7.3 Positioning of microspeaker and microphone in simulated free-field and half-
space free-field conditions

The measuring distance shall be chosen with reference to 7.2 for free-field and half-space free-
field conditions.

The position of the microspeaker and the microphone in the measuring environment shall be
within the free-field space to prevent unwanted reflection from reaching the microphone.

If the measurement space is an anechoic chamber, attention shall be paid to reflections from
wedge tips, personnel floor, and supports for the microspeaker and the microphone. Errors due
to these sources shall not exceed 0,5 dB over the frequency range of measurement.

The measuring distance and the maximum signal capture time of the environment shall be
stated.
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8 Measuring equipment

Measurements in free-field and half-space free-field conditions shall be made using a free-field
microphone. The size of the microphone should not impact far-field characteristics of the sound
field. Both these requirements shall be met over the frequency range of interest.

The signal generator, the amplifier supplying the signal to the microspeaker, and the measuring
equipment at the microphone amplifier shall have an amplitude frequency response that is
known and constant within £0,5 dB in the relevant frequency range, with negligible amplitude
nonlinearity during test conditions. These measuring instruments shall be of the root-mean-
square (RMS) type, with a time constant sufficiently long to ensure that the error is not greater
than 1 dB.

9 Accuracy of the measurement

9.1 General

A frequency range over which the total errors do not exceed +2 dB shall be specified.

The probable error sources in both the instrumentation and the measuring environment should
be identified and quantified, and their contribution specified. This information should be
included with the test report.

9.2 Unwanted acoustic and electrical noise

Unwanted acoustic and electrical noise shall be kept at the lowest possible level, as its
presence may obscure low-level signals. Hence, data related to signals less than 20 dB above
the noise level in the frequency band considered shall be discarded.

9.3 Accuracy of the mounting

The reflection from the support and fixtures of the microspeaker should not affect the
measurement results. Errors due to these sources shall not exceed 0,5 dB over the frequency
range of measurement.

The support and fixtures should firmly fix the microspeaker, and the microspeaker should also
not be deformed or damaged.

9.4 Accuracy of the measuring equipment

The accuracy of the measuring equipment shall be determined with reference to Clause 8.

9.5 Accuracy of acoustic environment

In free-field and half-space free-field, an accuracy of £0,5 dB in the amplitude of the measured
sound pressure shall be satisfied.

In simulated free-field and half-space free-field, accuracy requirements shall be specified with
reference to 7.3.

10 Marking of terminals and controls

10.1 General

The terminals and controls shall be marked in accordance with IEC 60268-1 and IEC 60268-2
with respect to the principles in 10.2.

Documents

Document Sharing Hub

Full document details: IEC 63034-2020


http://www.avadocuments.com/doc/iec-63034-2020
http://www.avadocuments.com/doc/iec-63034-2020

- 16 - IEC 63034:2020 © IEC 2020

10.2 Positive terminal
10.2.1 Characteristic to be specified

The terminal of a microspeaker unit, the application of a positive voltage to which with respect
to the other terminal results in the drive unit diaphragm approaching closer to the microphone
(coil-out), shall be specified as the positive terminal.

10.2.2 Marking

The positive terminal shall be marked with a "+" symbol, a red marking, or shall be distinguished
in a way stated by the manufacturer.

10.2.3 Method of testing

Apply a positive DC voltage briefly to the terminal marked as positive. Examine the vibrating
direction of the drive unit diaphragm. Correct marking is confirmed by the drive unit diaphragm
approaching the microphone (coil-out).

11 Test signals

11.1 General

Acoustic measurements shall be performed under one of the following measuring signal
conditions or other special signal conditions specified by the manufacturer, and the choice shall
be indicated with the results.

11.2 Steady-state sinusoidal signal

The excitation time of steady-state sinusoidal signal shall be sufficiently long to generate the
steady-state condition of the microspeaker and to perform temporal averaging and time-discrete
processing for the measurement. The sinusoidal test signal shall not exceed the rated
sinusoidal voltage (as defined in 19.4) at any frequency. The voltage across the input terminals
of the microspeaker being tested shall be kept constant for all frequencies unless otherwise
stated.

The electro-acoustic system is excited by a single tone

xs (1) =2 4cos (2mft) (1)

Where,
A is the amplitude, the RMS value of the function from zero, expressed in V;

[ is the frequency, the number of oscillations (cycles) that occur each second, expressed in
Hz. The choice shall be indicated with the results.

11.3 Sinusoidal chirp signal

A sinusoidal chirp signal, which is widely used, is defined as follows:

xe (1) =~24(f (1)) cos(2mf (1)1) (2)
Where,
A1) is the frequency of signal varying as a function of time, expressed in Hz;
A(f(1)) is the RMS amplitude varying as a function of frequency, expressed in V.
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NOTE When measuring microspeakers, the RMS amplitude 4(f{¢)) of input sinusoidal chirp signal is generally fixed,
that is, independent of f{¢).

a) Linear chirp
In linear chirp, the instantaneous frequency f{¢) varies linearly with time:

f(t):fstart +kt (3)

Where,
Sstart is the starting frequency (at time ¢ = 0);

k= (fond — fstart) ! Ts is the rate of frequency increases, where T is the time taken to sweep
from starting frequency fi,. to final frequency f.4-

b) Exponential chirp
In exponential chirp, the instantaneous frequency f{¢) of the signal varies exponentially with

time:
S(1) = fstant 27 (4)
Where,
Sstart is the starting frequency (at time ¢ = 0);
1 fend . C . . .
p= T—I092 —— | is the rate of exponential increase in frequency, where T is the time taken
S start

to sweep from the starting frequency fg, to the final frequency fg 4.

11.4 Discrete multi-tone sinusoidal signal

The discrete multi-tone sinusoidal signal defined by

A( f;)cos(21fit +¢;) (5)

Where,

A(fl-) is the RMS amplitude that varies as a function of frequency;

f; is the frequency of signal between the lowest tone f; and the highest tone fy at multiples of
the base frequency f,,, defined as Equation (6).

fi = foint(T fo 27" ) with 7 =0,---,v (6)

The base frequency f, defined by

= (7)

corresponds to the minimal length T of the multi-tone complex, sampling frequency f; and the
size NFT of the Fourier transform (DFT or FFT) to avoid a smearing of the fundamental tones

over multiple frequency bins. Documents
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The resolution parameter R describes the number of tones per octave.

The tones have a pseudo-random phase
¢; :7”111- for i =0,---,N with n; = (anl-_1 +c)modm fori="1--- N (8)

generating a low crest factor of the stimulus and a deterministic waveform of the stimulus.

NOTE The phases of the low-frequency tones determine the waveform of the voice coil displacement, which has a
high impact on the nonlinear distortion generated by motor and suspension nonlinearities.

The modulus parameter m is usually defined by the digital word size used. The other free
parameters a, ¢ and the start value ny (seed) shall be positive and smaller than m. Modifying

these parameters affects the randomness of the generated phases and thus the crest factor of
the resulting time signal. The crest factor may be optimized for a specific frequency range,
signal length and resolution. Reasonable default values are a = 843 314 861, ¢ = 453 816 693,
m = 231 and ny = 0. If other parameters are used, they shall be stated.

11.5 Broadband noise signal

NOTE This term is explained in IEC 60268-2.

The crest factor of a noise source should fall between 3 and 4 to avoid the clipping of amplifiers.

A true RMS voltmeter with a time constant that is at least as long as the "slow" constant of the
sound level meter, specified in IEC 60651, shall be used to measure the amplitude of the signal.

11.6 Narrow-band noise signal
NOTE This term is explained in IEC 60268-2.

For measurement using narrow-band noise, constant relative bandwidth filters in accordance
with IEC 61260-1 shall be used with a pink-noise generator, the relative bandwidth usually being
1/3 octave.

12 Preconditioning

12.1 Acclimatization

The microspeaker should be put in the climate conditions with reference to 4.2 at least 10 min
before pre-loading with reference to 12.2.

12.2 Pre-loading

Permanent changes may occur in the microspeaker as a result, for example, of the motion of
the diaphragm. Therefore, the microspeaker should be preconditioned before measurements
by applying a simulated programme signal, in accordance with IEC 60268-1, at the rated noise
voltage for at least 0,5 h.

The period of preconditioning shall be followed by a recovery period of at least 0,5 h, during
which the microspeaker shall be disconnected, before proceeding with the measurement.
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13 Electrical input impedance

13.1 Electrical input impedance curve
13.1.1 Characteristics to be specified

The electrical input impedance curve shall be specified, with the representation of the modulus
of the impedance as a function of frequency.

13.1.2 Method of measurement

a) The microspeaker shall be brought under normal measuring conditions in accordance with
4.3, conditions a), b), and d).

b) A constant voltage or current shall be supplied, the former usually being preferred. The
value of the voltage or the current chosen for the measurement shall be sufficiently small to
ensure that the microspeaker operates in a linear region where the nonlinear distortion
components measured by a single tone or two tone are 40 dB below the fundemental signal
components.

c¢) The modulus of the impedance shall be measured at least over a frequency range of 100 Hz
to 20 000 Hz.

d) The results shall be presented graphically as a function of frequency. The value of the
voltage or the current shall be stated with the results.

13.2 Rated impedance
NOTE This is a rated condition in accordance with 4.1.

The value of a pure resistance, to be substituted for the microspeaker when defining the
available electric power of the source, shall be specified by the manufacturer.

The lowest value of the modulus of the impedance in the rated frequency range shall not be
less than 80 % of the rated impedance. If the impedance at any frequency beyond this range
(including DC) is less than this value, this shall be stated in the specifications.

14 Small signal parameters of the microspeaker

14.1 General

The small signal parameters describe the vibration and transfer behaviour of the microspeaker
in the linear state. The linear state should meet the following conditions: (1) small signal
input; (2) the radiating size of the transducer should be small in comparison with the wavelength
at working frequencies.

The small signal parameters of the microspeaker unit mainly include the following:

a) resonance frequency, fg;

b) DC resistance of driver voice coil, Ry;

c) voice coil inductance, Lg;

d) total quality factor, Qi;

e) electrical quality factor, Qgq;

f) mechanical quality factor, O,s;

g) mechanical compliance, Cq;

h) moving mass, M;

i) mechanical resistance of total driver losses, R; Documents
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j) equivalent air volume of microspeaker compliance, Vq;
k) force factor, B/,

l) effective radiated area, Sp.

NOTE 1 Measurements of the small signal parameters in Clause 14 are only applicable to moving-coil microspeaker
units.

NOTE 2 Measurements of the small signal parameters are made in the air; that is, these parameters include the
effect of air load. More information on measurements operated in vacuum can be found in IEC 60268-22.

14.2 Characteristics to be specified

14.2.1 Resonance frequency f;

The frequency at which the modulus of the microspeaker electrical input impedance has its first
principal maximum on an ascending frequency scale shall be specified. The acoustic
environment (either free-field or half-space free-field) and the mounting conditions, including
the characteristics of the measuring enclosure when used, shall be given with the value of this
frequency.

14.2.2 DC resistance of driver voice coil R

The electrical voice coil resistance of the microspeaker given a DC signal shall be specified.

14.2.3 Voice coil inductance L,

The self-inductance coefficient of the voice coil shall be specified.

14.2.4 Total Q-factor Qg

The ratio of the inertial (or elastic) part of the acoustic or mechanical impedance of the
microspeaker at the resonance frequency (in accordance with 14.2.1) to the resistive part of
this impedance shall be specified.

14.2.5 Electrical Q-factor Q¢

The electrical quality factor of the microspeaker at the resonance frequency (in accordance
with 14.2.1), taking into account the DC resistance of the voice coil only, shall be specified.

14.2.6 Mechanical Q-factor Q¢

The mechanical quality factor of the microspeaker at the resonance frequency (in accordance
with 14.2.1), taking into account non-electrical resistances of the microspeaker only, shall be
specified.

14.2.7 Mechanical compliance C,,¢

The mechanical compliance of the microspeaker shall be specified. Its reciprocal is the stiffness
coefficient K ;5.

Some microspeakers show significant visco-elastic properties which increases the compliance
and mechanical losses to lower frequencies. The frequency depending compliance C (/)

increases the voice coil displacement to lower frequencies and affects the dynamic generation
of the DC displacement and the stability of the transducer. The frequency depending
compliance C,s(f) described in 20.5 of IEC 60268-22:2020 has to be considered in the

identification of the mechanical parameters (e.g. M,,)-
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14.2.8 Moving mass M,

The moving mass, which is the mechanical mass of the driver diaphragm assembly and includes
air load and voice coil, shall be specified.

14.2.9 Mechanical resistance R,

The mechanical resistance R, describes the losses of the microspeaker.

NOTE Some microspeakers show significant visco-elastic properties, which increase the compliance and
mechanical losses to lower frequencies. However, the frequency dependency of the mechanical resistance R_ (/)

does not have much impact on the transfer behaviour of the transducer below and above resonance frequency f_.

14.2.10 Force factor B/

The force factor Bl is the coupling coefficient between the electrical system and the mechanical
system of the microspeaker.

14.2.11 Equivalent air volume of a microspeaker unit compliance V ¢

The volume of air shall be specified, the acoustic compliance of which is equal to that of the
microspeaker unit.

NOTE The equivalent volume ¥, together with the total Q-factor Q, (in accordance with 14.2.4), and the resonance
frequency f; (in accordance with 14.2.1), adequately define the low-frequency response of the microspeaker, and
are useful in the low-frequency design of microspeaker systems.

14.2.12 Effective radiation area Sp

The effective radiation area S describes the coupling between the mechanical and the acoustic

domains by replacing the cone, diaphragm, surround, and other radiating parts by a rigid piston,
moving with the same velocity as the voice coil and having an equivalent surface generating
the same sound pressure in the far field as the real radiator.

For its measurements, see |[EC 60268-22:2020, 20.7.2.

14.3 Method of measurement
14.3.1 General

The small signal parameters can be obtained by using the laser ranging method, the added
volume method, and the added mass method.

14.3.2 Laser ranging method

a) The electrical input impedance Z(s) can be measured in accordance with 13.1. The
resonance frequency f; is the frequency at which the modulus of the electrical input

impedance has its first principal maximum on an ascending frequency scale. The least
squares algorithms can be applied to determine the electrical parameters by fitting the right-
hand side of the following equation to the measured impedance function:

sL
z(s)=20) _ Ryg +5Lg + ces (9)
I(s) 2, ¢ N Lces+1
5 tcestmes T
es
Where,
Cres = M /(Bl)2 is the electrical capacitance due to mechanical mass; Documents
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Lees = Cins -(Bl)2 is the electrical inductance due to mechanical compliance;
Res = (Bl)2 ! Ry is the resistance due to mechanical losses.

If the visco-elastic behaviour of the mechanical suspension is negligible, the electrical input
impedance can be calculated with Equation (9). Otherwise, a visco-elastic model has to be
considered to ensure fitting precision.

b) The electrical Q-factor Q.5 can be derived using the expression:

Oes = 0sCnesRac = Ryc / (a’ches) (10)

Where,

wg = 27 f¢ is resonance angular frequency.

c) The mechanical Q-factor Qs can be derived using the expression:
Oms = @sCmesRes = Res /(‘Uches> (11)
d) The total Q-factor Qs can be derived using the expression:

1 1 1
_
Qts Qes Qms

(12)

e) The transfer function terminal voltage to the displacement of the microspeaker H.(s) =
X(s)/U(s) can be measured by lasers with appropriate measuring range and precision where
the microspeaker is excited at small amplitudes. The force factor B/ can be calculated by
fitting the formula as follows to the measured transfer function:

X(s) X S)Bls 1 Zp (s) 1

H, (s)= = —_—= [ 13
) TE TG B 20) B (13)
Where,
L
Zr(s)= 2ces is the motional impedance due to the movement of the voice
S2Lcescmes +5-288 11
es
coil;
Z(s)=Ryc +sLe + Zr (s) is the electrical input impedance.
f) The moving mass M, can be derived using the expression
2
Mmszcmes(Bl) (14)
g) The mechanical compliance C,,¢ can be calculated from the formula
L
ms = cesz (15)
(1)
h) The mechanical resistance R, can be calculated from the formula
L (16)
ms Res
i) The equivalent air volume V,4 can be derived using the expression Documents
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Vas = p0502SD2Cms (17)
Where,
Pg is the density of the air, expressed in kg/m3;

Co is the speed of sound in air, expressed in m/s;

Sp is the effective radiated area of the microspeaker, expressed in m2.

14.3.3 Added volume method

a) The measurement of the electrical input impedance curve shall be made in accordance
with 13.1. The resonance frequency f; is that at which the modulus of the electrical input

impedance has its first principal maximum on an ascending frequency scale.

b) The total Q-factor Qi can be derived from the electrical input impedance curve of the
microspeaker (see Figure 5) using the following expression:

(18)

Where,
Js is the resonance frequency of the microspeaker in accordance with 14.2.1;

rqo is the ratio of the maximum magnitude of the electrical input impedance |Z(f)|,,ax at fs to
the DC resistance of the microspeaker Ry (in accordance with 14.2.2);

f1 and f, are the frequencies located with approximate symmetry about f; such that 1} < f; <
f>, at which the magnitudes of electrical input impedances Z; = |Z(f;)| and Z, = |Z(f,)| are
identical, and have the value r{-Ry;

r4 is the ratio of magnitude |Z(fy)| at f1, f5 t0 Ryc.

|z| &

dc

=~
N [N .. T
e
~ 1

IEC

Figure 5 — Electrical input impedance curve of the microspeaker

It can be shown that when r = \/g and f; is replaced by ./ f1f5 , the error in the calculation
of O, due to the asymmetry of the electrical input impedance curve is minimized
(see NOTE 1). The expression for O, may then be simplified to:

NSif2 (19)
Jno (f2- 1)

NOTE 1 Q,,, which appears in the above formulae, has been derived from simple theory where the voice coil

inductance, which is the cause of the asymmetry in the electrical input impedance curve, has been ignored and
the visco-elastic behaviour of the mechanical suspension is negligible. Documents
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c) The electrical Q-factor can be derived using the expression

Ops =—2 O (20)
I"O —

Where,
0O is the total Q-factor of the microspeaker in accordance with 14.3.2 b);

rq is the ratio of the maximum magnitude of the electrical input impedance, |Z(f)|,,x at fs to
the DC resistance of the microspeaker, Ry;

d) The mechanical Q-factor can be derived using the expression:

Oms = 0%s (21)
Where,
0O is the total Q-factor of the microspeaker in accordance with 14.3.2 b);

rq is the ratio of the maximum magnitude of electrical input impedance, |Z(f) |, at fg to the
DC resistance of the microspeaker, Ry;

e) The resonance frequency f;, of the microspeaker mounted on an enclosure, the effective

volume of which is V, can be obtained in accordance with 14.3.2 a), so that the moving mass
of the microspeaker can be calculated from the formula

202 ;2 4 2
_ P00 Sp” fs” —Jsv

M (22)
" 4’y fszfsv2
f) The mechanical compliance C,,s can be calculated from the formula
G (23)
" 41T2f32Mms
g) The mechanical resistance R,; can be derived using the expression
2nf M,
Rms — fS ms (24)
Oms
h) The force factor B/ shall be calculated from the formula
81 =R (|21 o — Rac) (25)

Where,
|Z(f)|max 18 the maximum magnitude of the electrical input impedance at f;;

Ry is the DC resistance of the microspeaker.
i) The equivalent air volume V4 can be derived using the expression of item i) in 14.3.2.

j) After measuring the parameters above in accordance with items e) to h) of this subclause,
the voice coil inductance L, can be measured by fitting the electrical input impedance curve

of the microspeaker, which is represented as
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(B1)°

Z(f)=Ryc +5Le + (26)

1
Ry +sM g +——
SCms

NOTE 2 This approach assumes that the voice coil inductance at the resonance is small compared to the total
electrical input impedance. That is, the inductance can be neglected in items e) to h).

NOTE 3 The voice coil inductance can be measured more precisely using the Wright model, the Leach model, the
LR-2 model, or the fractional derivative model, of which LR-2 is the most commonly used.

14.3.4 Added mass method

a) The resonance frequency f;, the total Q-factor Oy, the electrical Q-factor Q.5 and the
mechanical Q-factor O, can be measured in accordance with items a), b), c), and d)
in 14.3.3.

b) The resonance frequency f;,, with added mass Am on the diaphragm of the microspeaker

can be obtained in accordance with 14.3.2, item a). Then, mechanical compliance can be
calculated from the formula

— 1 fsz — fsm2
am?hm - 2 fon?

(27)

ms

NOTE This equation assumes that force factor B/ is constant in the two measurements (R.H. Small). A simpler
equation (quality factors Q. and Q. vanish) assumes that there is no frequency dependency of the compliance

Crns (-
c) The moving mass M,,s can be derived using the expression:

1

Mups=———
2,2
4T° fs"Cs

(28)

d) The mechanical resistance R, the force factor B/, the equivalent air volume 7, and the
voice coil inductance L, can be measured in accordance with items g), h), i), and j) in 14.3.3.

15 Displacement

15.1 Displacement curve
15.1.1 Characteristics to be specified

The displacement curve represents the displacement of the diaphragm of the microspeaker as
a function of frequency. The microspeaker is supplied with a sinusoidal chirp signal in a rated
frequency range at rated sinusoidal voltage Ug (in accordance with 19.4).

15.1.2 Method of measurement

a) The microspeaker shall be brought under normal measuring conditions in accordance
with 4.3, conditions a), b), and d). It is recommended to operate the radiator in vertical
position where the normal vector n_ is perpendicular to the gravity to avoid any bias in the

rest position of the radiator.

b) A laser range finder with appropriate precision and range shall be chosen, with the laser
light at the point specified by the manufacturer.

c) The microspeaker shall be measured over the effective frequency range (in accordance
with 16.4) applied to rated sinusoidal voltage.

d) The peak values of positive and negative displacement shall be recorded after the
elimination of the burr of the waveform (see Figure 6). Documents
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Figure 6 — Peak and bottom values of displacement

e) The fundamental component of displacement shall be extracted to calculate the effective
displacement X;,,4. The displacement curve as a function of frequency can then be derived

(see Figure 7).
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Figure 7 — Displacement curve

15.2 DC component X,

15.2.1 Characteristics to be specified

The DC component of displacement represents the direct component of the displacement of the
microspeaker, which indicates the asymmetries in the nonlinearities of the microspeaker. The
microspeaker is supplied with a sweep sinusoidal signal in a rated frequency range at a rated
sinusoidal voltage Ug (in accordance with 19.4).
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