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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOUND SYSTEM EQUIPMENT -

Part 3: Amplifiers

EORFWOQRD

1) The IBC (International Electrotechnical Commission) is a worldwide organization f lomprising
all national electrotechnical committees (IEC National Committees). The objex promote
interngtional co-operation on all questions concerning standardization in the ekectricakand i §e|ds. To
this epd and in addition to other activities, the IEC publishes International S{anda i ration is
entrudted to technical committees; any IEC National Committee intergStethin\the\subject with may
participate in this preparatory work. International, governmental and noR-governqienta izations liaising
with fhe IEC also participate in this preparation. The |IEC coltabqrat { i ernational
Organfization for Standardization (ISO) in accordance with conditi erni ¢ ween the
two orjganizations.

2) The fprmal decisions or agreements of the IEC on technical matters sible, an
interngtional consensus of opinion on the relevant subjects [sinc¢ ea 7 sentation
from gll interested National Committees.

3) The dpcuments produced have the form of feco ndawn for i tern y/Se and are published in the form

r guides and fthey are accepted by thg National

4) In order to promote international unificatiofi, IEC Natigna amittees undertake to apply IEC International
Standprds transparently to the maximum( exte possible\in their national and regional standards. Any
divergence between the IECAStandard anad thepon'n pational or regional standard shall pe clearly

5) The IEC provides no marking\proce [ te its approval and cannot be rendered responsibje for any

6) Attentjon is drawnp/tQ the ibility ™t elements of this International Standard may be the subject
of patent rights. : vsibfe for identifying any or all such patent rights.
Internatjonal Standa been prepared by subcommittee 100C: Audip, video

and mu
multime

ent, of IEC technical committee 100: Audio, video and

This thifg and-replaces the second edition published in 1988, amengiment 1
(1990) 4 991), and constitutes a technical revision.
The tex d is based on the following documents:

n 4 41
NEPETTo—vYotnS

100C/147/FDIS 100C/165/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

This part of IEC 60268 shall be used in conjunction with IEC 60268-1 (1985) and IEC 60268-2
(1987).
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Annex A is for information only.

The committee has decided that the contents of this publication will remain unchanged until
2005. At this date, the publication will be

e reconfirmed;

¢ withdrawn;

* replaced by a revised edition, or
¢ amended.

A bilingual version of this standard may be issued at a later date.

@%
;
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SOUND SYSTEM EQUIPMENT -

Part 3: Amplifiers

1 Scope

This part of IEC 60268 applies to analogue amplifiers, and the analogue parts of
analogue/digital amplifiers, which form part of a sound system for professional or household
applications. It specifies the characteristics which should be included in specifications of
amplifiers and the corresponding methods of measurement.

NOTE The methods of measurement for digital amplifiers and similar equipment are gi in IEC 61606)|[6] 1)

In gendral, the specified methods of measurement are those whkic e most
directly [related to the characteristics. This does not exclude the usg of which
give equivalent results.

In genefal, the methods are based on the simplest measuing i i provide
useful results. This does not exclude the use of mg [ € ; an give
higher dccuracy and/or allow automatic measureme i

Rated fonditions and standard meas p allow

measurgé¢ments to be reliably repeated

2 Normative references

The follpwing normative iom’s which, through reference in this text,
constitute provisions Nof 268. For dated references, subsequent
amendnpents to, or reyisiQns ese publications do not apply. However, parties to
agreements based\on thi 3 68>are encouraged to investigate the possjbility of
applying the m@ ‘ ity g mative documents indicated below. For undated
referenges, the la G ative document referred to applies. Members of IEC
and ISQ maintain &g g alid International Standards.

IEC 60065: [ d similar electronic apparatus — Safety requirements
IEC 602

IEC 60268-2:1987, Spund system equipment — Part 2: Explanation of general tefms and
calculatjordmethod
Amendment_] (1 QQ1)

IEC 60417-1:1998, Graphical symbols for use on equipment — Part 1: Overview and application

IEC 61000-4-17:1999, Electromagnetic Compatibility (EMC) - Part 4-17: Testing and
measurement techniques — Ripple on d.c. input power port immunity test — Basic EMC
Publication

IEC 61000-4-29, Electromagnetic Compatibility (EMC) — Part 4-29: Testing and measurement
techniques — Voltage dips, short interrruptions and voltage variations on d.c. input power
ports, immunity tests — Basic EMC Publication 2)

1) Numbers in square brackets refer to the bibliography.

2) To be published.
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IEC 61938:1996, Audio, video and audiovisual systems — Interconnections and matching
values — Preferred matching values of analogue signals

3 Conditions

3.1 Rated conditions and standard measuring conditions
3.1.1 Introduction

For convenience in specifying how amplifiers shall be set up for measurement, sets of
conditions are specified in this standard, under the titles of rated conditions and standard
measuripgeonditions:

A full eqplanation of the term "rated" is given in IEC 60268-2.

The rated conditions for amplifiers are:

— rate@ power supply voltage;
— rategl source impedance;

— rateg@l source e.m.f.;
— ratedl load impedance;
— rated total harmonic distortion, or {ated
— rate@dd mechanical and climatic conditigns.

NOTE 1 th cannot
be taken € e hQrma han rated
total harm | 0

NOTE 2 |If the power supply fre &Y (i itical, it_is.afse’a nated condition.

To obtajn the correct congiti e , the values for the above-mentiongd rated
conditions shall take 3 3 er's specification. These values themse]ves are
not subject to m

& the basis for measuring the other charactgristics.
Method$ of mea these Other characteristics are given in this standard [and the
manufagturer is ei efmitted to state 'rated values' for these charactefistics in
the speg¢ifi
— rate

— rateg di i i output voltage or power (when not adopted as a rated condition);
— rate

— rate¢l*eguivalent noise source e.m.f.

3.1.2 Rated conditions

An amplifier, considered as a four-terminal network with regard to a specified pair of input
terminals and a specified pair of output terminals, shall be understood to be working under
rated conditions when the following conditions are fulfilled:

a) the amplifier is connected to its rated power supply;

b) the source e.m.f. is connected in series with the rated source impedance to the input
terminals;

NOTE For an amplifier having several identical channels, the input signal should be applied simultaneously to all
corresponding pairs of input terminals.

c) the output terminals are terminated with the rated load impedance;

d) the terminals which are not used during the measurement are terminated, if necessary, as
specified by the manufacturer;
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e) the source e.m.f. is a sinusoidal voltage equal to the rated source e.m.f. at an appropriate
frequency. Unless there is a special reason to the contrary, this frequency shall be the
standard reference frequency of 1 000 Hz according to IEC 60268-1.

Such a reason could be that the standard reference frequency is outside or near the limit
of the effective frequency range of the amplifier;

f) the volume control, if any, is set to such a position that the rated distortion-limited output
voltage appears at the output terminals;

g) the tone controls, if any, are set to a specified position to give the specified frequency
response, generally the flat frequency response;

h) the balance control(s), if any, is (are) set to the mechanical central position;

i) the ratedmechanical-and-climaticconditions—accordingto C60268-14 iad with.
Amplifi erature-
limited br rated
conditions for an extended period of time. For these amplifiers, it %all be

maintai

3.1.3 Standard measuring conditions

These are obtained by bringing the amplifier unde s see 3.1.2) and then
reducing the source e.m.f. to a level of =10 dB referned {o the 2

3.2 Other conditions

ated or
[tings of
s shall,
5 of this

If suppllementary data of the amplifier are prese
standar@l measuring conditions, for example at ch

controls), then the conditions shall be fylly
ame

if possilple, be chosen acgbrii

standargl.

The prqcedures far supplente - ents may be derived from the measprement
procedyres giv itiong. If special precautions are necessary tq ensure
accuracly, these shal i ; or with the measurement procedure involved.

4 Clag

Class A
zero thr]
value dd

in each active device supplying the load current is gredter than
of the signal for all values of load current up to and inclugding the

Class B:.5n which the current in each active device supplying the load current is g¢qual to

1 la LE £ ) 1 £l <l
zero forexacttyone-hatfofeach—cycteoftoad—current:

NOTE In common usage, the term Class B is extended to the case where current flows for slightly more than one
half-cycle.

Class AB: in which the current in at least one of the active devices supplying the load
current is zero for some part of each cycle of load current for some range of values of load
current not exceeding the value defined by the rated output power or voltage and the rated
load impedance.

NOTE At sufficiently low signal levels, a Class AB amplifier usually operates in Class A.

Class D: in which the current in each active device supplying the load is switched from zero
to a maximum value by a carrier signal, modulation of which conveys the useful signal.

NOTE Other classes of operation have been commercialized but no formal definitions of such classes have been
submitted for standardization.
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5 Interchangeable parts

For type measurements, interchangeable parts shall have characteristics as close as is
reasonably practicable to the mean characteristics specified for these parts.

For measurements on a particular sample, the interchangeable parts supplied with that
amplifier shall be used.

6 Automatic controls

and elgctronic fader circuits. These circuits make certain charactepistics mplifier
dependé¢nt either on a signal passing through the amplifier itself o control
signal. When measuring the characteristics of such an amplifier, the )sircuits
shall be|disabled, except when measuring their characteristics.

The amplifier may contain automatic control circuits such as limiters, com ressbﬁ;{i anders
f 1

7 Power supply

Measurgé¢ments shall be made with the amplifier conhectes er supply. Cgre shall
be takep to maintain the power supply voltage a e alue durifig the measurgment. If
i [ ) exgeeding =10 %, then the

tate for\the~dppe

characteri and lower limits ¢f these

tolerang

Addition ndlower limits claimed as tolefable for
the pow c and the a.c. power supply harmjonics or
the d.c.

Warnin we ° ) ances specified by the manufacturer shall not
be excq

8 Pos

If a chal isticN at only one position of the volume control, the control [shall be
at the positi ing\to rated conditions (see 3.1.2), unless a maximum or minimum
position is inhierent in the characteristic to be measured.

If the gharacteristi to be measured for several settings of the volume contrpl, then
the positien for rated conditions shall be mcIuded other preferred settrngs berng maximum,
and -3 dBy—6dE 0-dB anc 0-dBwith respec o-the setting for rated conditions.

Volume controls belonging to channels not being measured shall, if possible, be put in the
minimum position, unless otherwise stated.

9 Pre-conditioning for measurements

Before beginning measurements on an amplifier, it shall be operated under approximately
standard measuring conditions for a period of 1 h, or as specified by the manufacturer.

Before operating the amplifier the manufacturer's instructions concerning initial operation
should be studied.
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The amplifier is then brought under standard measuring conditions (see 3.1.3). Due to internal
heating, the output voltage may subsequently vary with time. Unless excessive, this effect is
ignored during the pre-conditioning period. When the pre-conditioning period is over, the
amplifier shall be brought under rated conditions or standard measuring conditions, as
required.

10 Series of measurements

If a series of measurements is made, the amplifier should preferably be maintained under
standard measuring conditions in the periods between measurements.

If the amplifier has to be put out of operation for an extended period between
then pfe-conditioning according to clause 9 shall be repeate
measuréments, unless this can be shown to be unnecessary.

asurements,

each| set of

11 Variable consumption apparatus

Sound { contains
one or the d.c.
power { f series

control glements or is not regulated.

NOTE 1 in which
the powe ifcuit or in
NOTE 2 Ily, if not
always, 9 sumption
apparatud, and, in particular, the

All the measurements [contai i is Stand i umption
apparatps, in most ca i i . pccur in
the measurement “qf | ' S -limi , and some additional
measurg¢ments a i i note of

14.6.3.1 and item c

persjonal’ safety and prevention of spread of fire, in the sense of IEC 60065,

— safety in case of faulty connections,
— indications relating to normal operation, according to IEC 60417.

Marking can neither prevent incorrect operation nor provide complete operating instructions. It
therefore has to be considered in conjunction with adequate means for preventing dangerous
or faulty operation, and with the directions for use included in the user's instructions. Care
should be taken that marking is unambiguous and as clearly understandable as possible.

Terminals for the interconnection of equipment, which are inaccessible without the use of a
tool when the equipment has been installed, shall be clearly and unambiguously identified
with respect to the manufacturer's instructions for installation. It may be assumed that these
instructions are to be read by adequately skilled personnel.

1) |EC 60065:1976, Safety requirements for mains operated electronic and related apparatus for household and
similar general use
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13 Operating environment

Measurements, especially those including temperature measurements, shall be carried out
with the amplifier mounted in a situation similar to that in which it is to be used. Restrictions
on mounting and special ventilation requirements shall be stated by the manufacturer and
form part of the rated conditions (see 3.1.2). See also IEC 60065 or other appropriate IEC
safety standard.

14 Characteristics to be specified, and their methods of measurement

14.1 Power supply characteristics

14.1.1 [Characteristics to be specified

The following information shall (except where indicated as opfiohd
manufagturer in the locations indicated, for each pair of termj
power supply and for each position of the power supply voltag

a) the type of power supply (d.c. or a.c.); on the equipmenr{

b) the fated power supply voltage (this is a rated conditio
in the specification

c) the on, see
3.1.2); on the equipment and in th

d) the d in the
spegification

e) for § b power
supply may optionally pe i output voltage or power from zero to
the rated value, with i i including the rated load impedange. This
characteristic is pagticula 3f va equipmeént which may be operated from bptteries.

gr drawn is significantly greater than the true power, the

NOTE Iff in items d) ar e)\above,
apparent power showld he st& i

14.1.2
a) The
b) The : i ower supply is measured in watts by means of a wattmleter:
1) v
2) with urgee.f. according to standard measuring conditions;
3) fpr variable copsumption apparatus, at various values of output voltage or power from
4ero o the rated value.

14.2 Tolerance of (long-term) power supply voltage variations
14.2.1 Characteristic to be specified

The tolerance of power supply voltage variation, such that, for any power supply voltage
within the stated limits:

a) the upper limit of working voltage is not exceeded for any condition of normal operation;
this applies particularly to such components as semiconductor devices and electrolytic
capacitors;

b) the tolerances of the heater voltage of electronic tubes used in the amplifier are not
exceeded;
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c) the maximum permissible temperature is not exceeded in any component when the
amplifier works under standard measuring conditions — except as regards power supply
voltage — for an extended period of time;

d) neither output nor gain is subject to excessive variations;

e) the signal-to-hum ratio is not reduced by more than 3 dB with respect to the rated value.

Amplifiers designed to take their power supply from the mains are generally not subject to
power supply variations exceeding £10 %. Such variations do not generally require a special
design of amplifier.

Amplifiers designed to take their power supply from batteries or small converters may be

subject ta larger variations of power supply voltage which may he due tgchanging load, the

temperdture of batteries or the gradual decrease of battery voltage during(life ordisCharge.

The rate¢d value shall be stated by the manufacturer in the specifi¢atig cturer

states that the amplifier tolerates power supply voltage variatio %, then

compliahce with requirements a), b) and c) is considered to e normal

amplifier design. Compliance with requirements d) and e) shall b

If the manufacturer states that the amplifier will tglé powersupply~oltage variations

exceeding = 10 %, the specification shall give detai : bnsating

such variations and the proper working of t - ossible.

Complignce with requirements a) to e) shall be «

14.2.2 Methods of measurement

14.2.2.)] Temperature

a) The|amplifier is broug ing conditions. If a rated templerature-
limited output power 1 alue of
output power is obtai

b) The|power and the
source e.m. cified in
item|a).

c) The at least
4 h

14.2.2.2

a) The ht under rated conditions, the total harmonic distortion being
mea d given in 14.12.3.2

b) Thelsource s and the output voltage U, are measured.

c) The power supply voltage is varled step by step over the range specified by
the ma ' ' f ' ee.m.f. Eg

is readjusted to obtaln the initial total harmonic distortion, and the source e.m.f. Eg' and
the output voltage U,' are measured.

NOTE Over the range of permitted supply voltage, both Eg' and U,' are usually substantially proportional to the
power supply voltage, where no voltage regulation is provided.

14.2.2.3 Hum

a) The

signal-to-hum ratio is measured as indicated in 14.14.

b) The power supply voltage is varied step by step over the range specified by the
manufacturer. For each value of the power supply voltage chosen, the hum voltage at the
output is measured and the signal-to-hum ratio computed. It is expressed as the

deci

bels of the rated output voltage to the measured hum voltage.

ratio in
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14.3 Tolerance of power supply frequency variations
14.3.1 Characteristics to be specified

The tolerance of power supply frequency variation, such that, for any power supply frequency
within the stated limits:

a) the maximum permissible temperature is not exceeded in any component when the
amplifier is under standard measuring conditions — except as regards power supply
frequency - for at least 4 h;

b) the output voltage and the total harmonic distortion of the amplifier are not subject to
significant variations;

¢) the gignal-to-hum ratio is not reduced by more than 3 dB with respect {o the\&ﬁ alue.

The mapufacturer shall state the rated value in the specification.

Complignce with requirement a) is considered to be within ¢
design.

NOTE Irjcrease in temperature of components may occur, particularly RO the lower
end of thg power supply frequency range.

14.3.2 Methods of measurement

14.3.2.) Variations of output voltage

a) The| amplifier is brought under ra N being

measured by the method given in 14-

b) Thelsource e.m.f. Eg and the output volfage Us\are sured.

c) The|power supply fr. » [ i p by>step over the range specified| by the
manufacturer. For each e of theypawer supply frequency chosen, the output|voltage
U,' and the total haroni

d) Neither the a 3 onic distortion shall be subject to significant
varigtions wi ' S upply frequency range.

14.3.2.4 Hum

The me as given in 14.2.2.3, except that the power supply frequency
is varied instead ; pply voltage.

NOTE T i - ratio is generally found at the lower limit of power supply frequency.

144 T wer supply harmonics and ripple

14.4.1
a) The tolerance of power supply harmonics, such that, within the stated tolerance range

Characteristics to be specified

1) the variations of the rectified power supply voltage due to changes in the peak-to-
r.m.s. ratio of power supply voltage do not exceed the variation due to the permissible
power supply voltage variations specified according to 2.2.1;

2) the signal-to-hum ratio is not reduced by more than 3 dB with respect to the rated
value.

Requirement 1) implies that the tolerance of a.c. power supply harmonics does not exceed the
smallest tolerance, either positive or negative, specified for the power supply voltage
according to 14.2.1.
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b) The tolerance of ripple on the d.c. power supply, such that, within the stated tolerance
range

1)

2)

the variations of the power supply voltage do not exceed the variation due to the
permissible power supply voltage variations specified according to 14.2.1;

the signal-to-noise ratio is not reduced by more than 3 dB with respect to the rated
value.

The manufacturer may optionally state these tolerance ranges in the specification.

14.4.2 Methods of measurement

a)

b)

c)

Power supply harmonics

See|the future IEC 61000-4-13. [5]

Ripgle

See|lEC 61000-4-17.

Voltage dips, short interruptions and voltage variations
See|lEC 61000-4-29.

14.5

1451

Input characteristics

The intprnal impedance, stated by source
supplying the signal to the amplifier.

Unless is assumed to be a constant pure
resistan

NOTE T practice.
If the rg ACENI e manufacturer, the appropriate impedance

specifie

14.5.2
14.5.2.1

The intg

the yariation

a) und
b) at oIher sigral freguencies; this may optionally be stated in the specification, except where
or pjck~ups for analogue disc records), in which case sufficient additional datapE

ation

heads
hall be

requency may be important (such as for inputs for magnetic tap

given.

14.5.2.2 Methods of measurement

In the methods given in 14.5.2.2.1 and 14.5.2.2.2 the modulus of the input impedance is
measured. If more information is required (such as the values of the components of an
equivalent circuit representing the input impedance over a range of frequencies) then one of
the methods given in 14.5.2.2.3 or 14.5.2.2.4 may be used.
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14.5.2.2.1 Balanced input

a) The amplifier is brought under standard measuring conditions, using a source fr
earth (or chassis), as shown in figure la.

b) The input voltage U; is measured by means of a voltmeter with balanced input
input impedance is high compared with the input impedance of the amplifier.

2000(E)

ee from

, whose

c) The amplifier input is then substituted by a calibrated variable resistor, which is adjusted
so that the voltmeter again reads U4. The value of the variable resistor is then equal to the

modulus of the input impedance of the amplifier at the standard reference frequenc

y.

d) The measurement may be repeated at other signal frequencies, preferably standard one-

third octave band centre frequencies (see IEC 60268-1).

NOTE 1 [IT the input impedance of the amplifier 1S high compared with the rated source resistanege, itis
determing precisely the setting of the variable resistor which gives a voltmeter reading

the sensifivity of the method of measurement is low. This effect can be overcomg by i
impedancg, for this measurement, to a value of 10 or more times the rated source iwpe

NOTE 2 |The input impedance of the voltmeter also affects the sensitivity of the me
be high cpmpared with the parallel combination of the source impedance usegd
impedancg of the amplifier.

NOTE 3 |The position of the volume control may affect the input imp
repeated pt different positions of the control and the positions reported
adjusted fo maintain the output voltage at 10 dB below the rated
source e.[n.f to be exceeded.

14.5.2.2.2 Unbalanced input

a) Thelamplifier is brought under sta
being connected to earth (see figure

b) Thelinput voltage U; is measured b
is hiph compared with that of the amplif

at the voltmeter again
modulus of the input\Nmpe

d) The measur!!t N

of the variable resistor is then equ
at the standard reference frequeng

&|EC 60268-1).

khown' terminals of a suitable audio-frequency bridd
the amplifier is not overloaded by the signal from the bridg

ifficult to
er words,
e source

>nerefore

the input

5hould be

.flshould be

overload

terminal

bf which

Al to the
Y.

er signal frequencies, preferably standard one-

burce is
e. It is

aY

sually by

e and the

b) The bridge controls are adjusted to achieve balance, and the input impedance is then read

from the controls.

14.5.2.2.4 Measurement of input impedance using two values of source resistance

a) The amplifier is brought under standard measuring conditions and the gain-limited

effective frequency range is measured (see 14.11.2).

b) The measurement is repeated with a known value of source resistance, at least 10 times

the rated input impedance, the source e.m.f. being increased to restore the output
to 10 dB below the rated value. The new value of source e.m.f is noted.

voltage

c) The input impedance at any frequency can be calculated, using simple circuit theory, from

the ratios of the source e.m.fs and the ratios of the gains measured in steps a) a
the ratio of the gains is sufficiently large to give the required accuracy.

nd b), if
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Approximate values can be calculated from the limit frequencies of the gain-limited effective
frequency range determined in step b).

NOTE 1 At high frequencies, the input impedance can usually be represented quite accurately by the parallel
combination of a resistor and a capacitor. At low frequencies, the input impedance may behave as a parallel
combination of a resistor and an inductor or as a series combination of a resistor and a capacitor.

NOTE 2 This method involves assumptions that the input impedance is not influenced by the value of source
resistance and that the resistive component of the input impedance is substantially independent of frequency. In
some cases, one or both of these assumptions may not be justified.

14.5.3 Rated source e.m.f., characteristic to be specified

The e.m.f. stated by the manufacturer in the specification, which, when connected to the input
terminajs—h—sert it he—+8 ce— —eive i HA
voltage |[across the rated load impedance at a specified, app

ofttorctimiteq output
fols.

C Ot vierwre OTv

ropriate

14.5.4 Minimum source e.m.f. for rated distortion-limited outp
14.5.4.)] Characteristic to be specified
source

ad impedapce with
rol(s), if any} set as

The e.m.f. which, when connected to the input termina
impedance, gives rated distortion-limited output voltageac
the volyme control(s), if any, set for maximum gaiy
specified for rated conditions.

NOTE |Ifla volume control is provided, the r3
minimum source e.m.f. for rated output voltage
rated valde of minimum source e.m.f. for rated on

ously be equal to or greatef than the
Qlume,gontrof, the“rated source e.m.f. is equal to the

The mapufacturer may optionally state(the rated valv he specification.

14.5.4.4 Method of meagure

a) The|amplifier is brqught ™

b) The|output vo

c) The volume
restore the initra

d) The

Isted to

146 O
14.6.1

The img i on the

equipme

Unless otherwise specified by the manufacturer, the rated load impedance shall be assumed
to be a constant pure resistance.

More than one value of rated impedance may be specified. The corresponding values of
output voltage or power and rated total harmonic distortion shall be specified with each rated
value of load impedance. They may be presented in a table, as in the following example:

Rated load impedance Rated output power Rated THD
Q w %
16 10 0,2
8 20 0,2
4 40 0,25
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A range of values may be specified, provided the above data is given for the highest and
lowest values of rated impedance, as follows:

Rated load impedance Rated output power Rated THD
Q W %
16 10 0,2
Any intermediate value - -
4 40 0,25

The amplifier shall meet the relevant electrical safety requirements (normally those specified
in IEC 60065) for each value of rated load impedance.

1462 uutput 20UTULT illlpcdallbc

14.6.2.)] Characteristic to be specified

The intgrnal impedance measured between the output terminal specified onﬁitions.

The manufacturer shall state the rated value in the specification

14.6.2.4 Method of measurement

a) The e.m.f. is
redu

b) A si value of
the output
terminals of the amplifier. A volt conngcted to the output termingls. The
curr s under
standard measuring conditions.

c) Thelvalue of this curre urrent which would produce a|voltage
leve| of =10 dB referred ited) output voltage across the rated
load[impedance.

d) The|voltage across hen measured.

e) The measurt

f) Theloutput soufgé is.fthen ealculated according to the following formula

NOTE 1 [The c Qnsist of an audio power amplifier with a suitable resistor in serigs with its

output tefminalg. ed with a sinusoidal signal from an oscillator. The ammeter may [consist of

a low-val @) in series with the output terminals of the current source, the voltage across

the resist

NOTE 2 mpédance of an amplifier is in general not a pure resistance, but for many purposes it

is sufficie

14.6.3 pPutput voltage and power (distortion-limited)

14.6.3.1 Characteristics to be specified

a) Distortion-limited output voltage. The r.m.s. voltage, measured across the rated load-
impedance, at which rated total harmonic distortion is produced.

b) Distortion-limited output power. The power produced in the rated load impedance by the
distortion-limited output voltage:

P2 = Up2/R;
where
P2
Uz
R2

is the distortion-limited output power;
is the distortion-limited output voltage;
is the rated load impedance.
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c) Distortion-limited output voltage with complex (that is, partially or wholly reactive) load
impedance. The voltage, measured across a stated complex load impedance, at which
rated total harmonic distortion, or another stated value of total harmonic distortion, is
produced.

The stated complex load impedance shall be chosen having regard to the actual load
impedance likely to be presented to the amplifier when in use.

A typical loudspeaker or a network simulating the impedance of a typical loudspeaker may be
used, but due to the wide variations in actual load impedance that occur in practice, no
preferred values can be given.

These ¢ha may be
express| ated.
If the ¢ Pandard
refereng
Rated Vi facturer
in the 1 of load
impedance.
Where mo confusion can arise between these ¢ aracte i ifi rding to
14.7.2, the words "distortion-limited" ry
NOTE If|the d.c. supply to the amplifier output s S i ’ he source
e.m.f. is ipcreased. Some amplifiers are designed i 3 i i onditions
the outpult waveform is unsymmetrically limited i i . ifying speech
and musifg i imiti Curs, with
consequent reductlon in even-
14.6.3.4 Method of
a) Thelamplifier j | citions, using the appropriate load impedahce and
a syitable h dl i inals (see
14.12).
b) hen the
ecessary, so that rated total harmonic distqrtion is
c) ) output
tort| -limited) output power is calculated according to the foqmula in
d) in turn,
nges in
5 during

the measuring period belng neglected.

e) The measurements may be repeated at other frequencies and for other rated values of
load impedance and with complex load impedance (see also 14.11.3.1 and 14.12.4.1). The
measurements may also be repeated for other values of total harmonic distortion such as
those specified in other IEC standards. The measurements may, in addition, be repeated
with only one channel driven.

f) The (distortion-limited) output voltage or power shall be stated for each channel
separately, together with the signal frequency, the rated total harmonic distortion and the
appropriate rated load impedance.
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14.6.4 Regulation

14.6.4.1 Characteristic to be specified

The increase in output voltage, expressed as a percentage, or as a regulation level in

decibels, when, under standard measuring conditions, the rated load
disconnected, the source e.m.f. remaining constant.

The manufacturer may optionally state the rated value in the specification.

a) The ampd

impedance is

b) The |output voltage U, is measured.

c) Thelload is disconnected, the source e.m.f. remaining constant, e
is mpasured.

d) Thelregulation is:

Y2'=U2 , 100 %

U2
The regpulation level is 20 Ig (Uo'/U5) m
NOTE The regulation and output source impegance m not b errel
the powel supply circuit.
14.6.5 Pverload restoring time &

14.6.5.] Characteristic to be specifi

ed, depending on the

glge Uz’

design of

The time i icK e ifier workmg under standard measuring

conditio
when th
voltage

The ma

14.6.5.2
a) The

b) The
al and kept at this value for approximately 1 s.

c) Thelsource.exn.f.
qualitet/period ofthe input signal.

then reduced to its initial value during a time interval of less th

Imoment
e output

-quarter

an one-

d) The time that passes before both the positive and the negalive ouiput peak voltages have
reached their final value, within 1 dB unless otherwise specified, is measured by means of

a suitable calibrated oscilloscope.
14.7 Limiting characteristics
14.7.1 Overload source e.m.f.

14.7.1.1 Characteristic to be specified

The maximum source e.m.f. for which an amplifier, connected as for rated conditions and with
an appropriate setting of the volume control, can deliver an output voltage 10 dB below the
rated distortion-limited output voltage without exceeding the rated total harmonic distortion.

The manufacturer shall state the rated value in the specification.
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14.7.1.2 Method of measurement

a) The

amplifier is brought under rated conditions.

b) A distortion meter is connected at the output terminals.

c) The volume control is adjusted to obtain an output voltage U, of —10 dB referred to the
rated output voltage.

d) The volume control is adjusted to successive positions for lower gain, increasing the
source e.m.f. to restore the initial output voltage U, until rated total harmonic distortion is

obtained.

e) The source e.m.f. Eg5 is measured.

14.7.2 Short=term mMaximum output voitage and POWEr

NOTE Ske also the related clauses in IEC 60268-5 [4] and IEC 61938.

14.7.2.)] Characteristic to be specified

The makimum voltage or the corresponding power which the aR producing

across, |or dissipating in, the rated load resistance (regardke s after the

applicat] ntly.

Itis rec

Importgnt

It is fu B given

amplifig hall not

exceed

14.7.2.4 Method of meag

a) Thelamplifier is brg ecorder
connected to the oputput te

b) The|source husoidal
tonel burst o | s from
the start of the p he tone
burs

NOTE A e used if

more con

c) The hes the
max

d) The jort-term
max t power where R is the rated load impedance.

e) If th¢ test is repeated, the repetition period of the signal pulses shall be 60 s or grefater.

14.7.2.3 Values of load impedance to be used for the test

If the manufacturer states a range of rated load impedances the tests shall be carried out with
the value of load impedance giving the highest value of short-term maximum output power, or
short-term maximum output voltage. If the manufacturer does not state a rated short-term
output voltage, the value shall be measured with a load impedance of 16 Q, for household
equipment and the like, rated in terms of the voltage or power delivered to a specified load
impedance or range of load impedances.

If the manufacturer specifies the amplifier in terms of the power delivered at a specified output
voltage, (such as 100 V or 70 V, for 'voltage line operation’), the short-term maximum output

voltage

shall be measured with no load.
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14.7.3 Long-term maximum output voltage and power
NOTE See also the related clauses in IEC 60268-5 [4] and IEC 61938.

14.7.3.1 Characteristic to be specified
The maximum voltage or the corresponding power which the amplifier is capable of producing
across or dissipating in the rated load resistance 1 min after the application of a noise input

signal simulating normal programme material (see IEC 60268-1). One channel is driven at a
time.

It is recommended that the manufacturer state the rated value in the specification.

Importgnt
It is fupdamental to the concept of this characteristic that for a s p given
amplifigr the measured value of long-term maximum output vQ ¢ hall not

exceed|the value stated by the manufacturer.

14.7.3.4 Method of measurement

a) Thelamplifier is brought under rated conditions with_a ‘ bcted to
the ¢utput terminals of the apparatus
b) The|signal source is replaced by a source i ¢ ignal (see

IEC 60268-1) whose e.m.f. is at least 10 times the e s.e.m.f. of the ampliffier.
c) Theloutput voltage Uy is measured 1 mj

agé and U,°/R, is the Idng-term

d) Thel|value U, is then the long-term W
‘ npedance.

maxjmum output power where Ry i
e) Thelsignal should be applied for a p

14.7.3.3 Value of load i 3 ] e test

If the mpnufacturer st \ , esad impedances the tests shall be carried [out with
the valye of loa Ji ' 8t value of long-term maximum output ppwer, or
long-term maxi » 3 : If he” manufacturer does not state a rated Igng-term

red with a load impedance of 16 Q, for hdusehold
of the voltage or power delivered to a specifjed load

output
equipmsg

oltage, the

If the m i kre amplifier in terms of the power delivered at a specifief output
voltage; V ox 70 V, for 'voltage line operation'), the long-term maximum output
voltage

14.7.3.4 Protective“devices

Protective devices within the amplifier may operate during the test, for example due to high
temperature. If a non-self-resetting device operates, the value of output voltage or output
power measured immediately before the operation of the device shall be taken as the result.

If an automatic resetting device operates, the highest output voltage or output power
measured after the device has reset once shall be taken as the result.
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14.7.4 Temperature-limited output power
14.7.4.1 Characteristic to be specified

The output power which the amplifier is capable of supplying continuously, at a specified
ambient temperature, without exceeding the maximum permissible temperature in any
component.

When the amplifier is specified for different methods of mounting, for example, in enclosures
or in racks, the corresponding rated temperature-limited output powers shall be stated by the
manufacturer.

output power, because in Class AB and Class B amplifiers, the acti e ating in
these modes reach their maximum temperatures at output powers | han the
rated olitput power, and the temperature maxima of several dew

The ratpd temperature-limited output power may be less than the rated dl\s%t{ith—limited
s ope
es

differen ed, it is
possiblé wer.
Amplifie d music
signals note 1).
14.7.4.2

Provisig s which
are like on the

compon

a) The]amplifier, brought under standard measuring

conditions except that\the ) jg adjusted to the upper limit of t¢lerance
of the rated power]s vhich the amplifier is set (see 14.2). The jambient
temperature shall be

b) Thelsource @ [ j increase the output voltage U,, waiting affer each
step| until th have become practically constant. This procgdure is
maintained un I oltage Uy' one of the components reaches|its limit
temperature.

c) The ini put power is U2‘2/R2, where R is the rated load impedgnce.

The amptifi d continuously for at least 4 h under the conditions gpecified

before f]

The ma

14.8 Characteristics of protection circuits

14.8.1 Introduction

Protection circuits in amplifiers may be classified as follows:

a) protection against excessive load current, or potentially damaging combinations of load

voltage and current;

b) protection against the presence of d.c. voltage between the load terminals (d.c. offset
protection);

c) protection against potentially damaging input signals (for example, excessive amplitude at
high frequencies).
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Protection of types a) and c¢) are mainly intended to protect the components of the amplifier.
Protection of type b) may protect amplifier components, but is also intended to protect
components in the load, such as loudspeaker voice-coils, which can be damaged by direct
current (a situation which has been reported to give rise to safety hazards). The design of the
d.c. protection circuit usually involves a compromise between sensitivity and speed of
response. This is because the circuit should not respond to large-amplitude low-frequency
signals, but should respond to a relatively small d.c. voltage. This is achieved by low-pass
filtering, and the greater the attenuation of signal frequencies that this filter provides, the
more sensitive the protection circuit can be made, but the slower it responds. The amplifier
designer may choose a compromise which does not respond at all to a d.c. offset voltage
which is small with respect to the d.c. supply voltage(s) of the amplifier circuit. However, such
an offset voltage may produce a d .C. load current WhICh impairs the performance of the
loudspepk e different

compro ough to
prevent istics of
d.c. offget protection circuits should be included in amplifier sp fnt no
method$ of measurement of these characteristics are known tha { access
to the [nternal circuits of the amplifier. Subclause 14.8.3 t 5 which
should be used only by the manufacturer, and consequently teristics

include the word 'rated'.

14.8.2 | Protection against potentially damaging
and current

14.8.2.)] Characteristic to be specif

ptifier, measured using the test
nd presented graphically, with output

The oufput current/output voltage charax st
signal gnd method described in 14.8.2.2 and 14\
voltage [as abscissa and ougput current\as

te.
fection circi

The ma i asentthese data in the specification.

NOTE |If
described

of the relevant type, the application of the test

14.8.2.2

The tes dal signal whose frequency is 20 Hz, to which is added

positive i 50 pUs duration and 500 Hz repetition rate. The amplitude of
the 20 i i o/ drive the amplifier to its voltage clipping limits, while the
amplitu Ises takes the amplifier alternately into its current-overload limits. A circuit
for gengrati | is given in the bibliography [1]

NOTE F
and statefl with.the res

havigg a restricted effective frequency range, other suitable test frequencies may lpe chosen

The load network, for amplifiers designed to feed low-impedance loudspeakers, consists of a
40 pF capacitor, in series with a 1 Q resistor. For other amplifiers, the values may be scaled.
The 40 pF capacitor limits the current due to the 20 Hz signal to a low value, whereas for the
short pulses the effective load impedance is of the order of 1 Q, and a high output current is
produced.

Using this signal and load network, the measurement may be made without causing excessive
dissipation in the amplifier. The dissipation in the 1 Q resistor is much lower than the rated
output power of the amplifier, because of the value of the output current duty cycle.
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14.8.2.3 Method of measurement

a)

b)

f)

14.8.2.4 Presentation of results

The amplifier is brought under standard measuring conditions and the test circuit
configuration is then changed to that shown in figure 3a.

Adjust the oscilloscope sensitivities to 20 V/div for X-deflection and 5 V/div (equivalent to
5 A/div since the voltage is developed across a 1 Q resistor) for Y-deflection (or other
stated values if necessary).

With zero signal input, adjust the spot on the oscilloscope screen to the centre of the
graticule.

Apply the 20 Hz signhal and increase the input e.m.f. until the output voltage shows
significant clipping.

Apply the pulse signal in addition, for as short a time as Is necessary {o rec\&w display
t hard

(for lexample, photographically). The input e.m.f. shall be adjuste current-
limitjng occurs, as shown by the display.

Adjust the bright-up delay control for a clear display and record tk

The results are presented graphically, using scales of eNa i 5 A/div
for the |ordinate. Other stated scales may be used/if nec is given in

figure 3p.

NOTE Pfesentation as line-drawing may be preferable to.d

14.8.3 [Characteristics of d.c. offset

NOTE These characteristics do not apply to a

14.8.3.1] Characteristics tp

a) Ratgd maximum offsé : ¥ rin the
spegification, that dges

b) Ratgd response ti 't uit, optionally stated by the manufacturg¢r in the
spegificatio : em d) of
14.8

c) Rats in the
speq
Ratg age of the rated output power, optionally stated [by the
man dtion, represented by the rated maximum residual d.c. yoltage.

If the va nt,>depending on the presence or absence of a signal, or of fifferent

polaritie fset vyltage, the higher value, and the corresponding signal conditiop and/or

polarity

14.8.3.2 Methods of measurement

14.8.3.2.1 Methods of measurement for amplifiers which continuously sense
the d.c. offset condition

a)

b)

The amplifier is brought under standard measuring conditions, and the input signal
frequency is then changed to 20 Hz. A d.c. oscilloscope and a d.c. voltmeter are
connected to the load terminals.

The d.c. balance of the amplifier is then slowly changed, by a suitable method which
depends on the detailed design of the circuit and cannot be standardized, and the
maximum reading on the d.c. voltmeter, before the protection circuit operates, is noted.
This is the maximum offset voltage that does not operate the protection circuit.

The balance of the amplifier is then changed further in the same direction, so that the
protection circuit operates. The maximum reading on the d.c. voltmeter, as the balance is
changed towards maximum imbalance, is noted. This is the maximum residual d.c. voltage
across the load terminals when the protection circuit is operating.
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d) The d.c. balance of the amplifier is then restored to normal, and the source e.m.f. reduced
to zero. By means of a suitable d.c. supply and switch, a d.c. voltage is applied to the
internal circuits of the amplifier, which would produce, in the absence of the protection
circuit, a d.c offset voltage at the load terminals of 30 % of the d.c. supply voltage of the
output stage of the amplifier. If there is more than one supply voltage, the highest shall be
chosen unless there is a reason for this choice not to be correct. By observation of the
oscilloscope display, the time for the output voltage to fall to 110 % of its steady-state
value after the application of the offset, or 1 V, whichever is greater, is measured. This is
the response time of the protection circuit to an offset of 30 % of the d.c. supply voltage.

e) Items b) and c) are repeated with the input source e.m.f. reduced to zero.

All the measurements are then repeated with d.c. offsets of the opposite polarity.

14.8.3.4.2 Methods of measurement for amplifiers which intermitt
the d.c|offset condition

a) Thelsame procedure as in 14.8.3.2.1 is followed, except that the\test i }ems a)
to c) is only carried out with the input source e.m.f. set g hents in
items b) and c) shall be made after the protection circujt has opera imes, for
example, after 60 s. A calibrated storage oscilloscope ) e pserving
the yariation of the offset voltage and measuring its va

b) Ino ay be necepsary to
carr he necessdry tests
may

149 S

14.9.1 |ntroduction

Clipping level is the level, &x b output
signal gf an amplifier, abqve wHi Army blly, the
peaks df the wavefor i i ignal, displayed on an oscilloscope, becomeg visibly
clipped jt this level.

The am ars isti eech and music signals are such that if an amfplifier is
operate se'd_k Or music signal input, whose level is adjusted so that
the outy jus pped on peaks, but not sufficiently to cause serious impaifment of
subjecti i ge output signal level is approximately 10 dB bglow the
clipping ation of uncompressed speech and music signals tHerefore,

there is
than a f4

Howeve system amplifiers may be called upon to reproduce tone signpls and
compregsed-speech/and music signals. While, in a well-designed system, these| signals
should pot'greatly increase the time for which the amplifier may have to reproduce signals at
clipping level (because this would involve loss of sound quality and increased heat-dissipation
in loudspeakers), some increase is bound to occur, and high-level signals may occur by
accident, for example, if a microphone is dropped. The amplifier also has to produce high-
level signals during measurements according to this standard (see 14.6.3, 14.7.2 and 14.7.3),
and the time-period is specified in some of these clauses. These measurements have to be
carried out in order to produce a properly complete specification for the amplifier.

Another consideration is that the relationship between clipping level and the level of the rated
(distortion-limited) output power or voltage varies very greatly from one type of amplifier to
another, because the rated output power or voltage is decided by the manufacturer, taking
many factors into account.
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Table 1 — Different rated total harmonic distortion and rated distortion-limited
output power specifications for the same amplifier

Rated output power Rated total harmonic distortion Clipping level minus rated
output level
w % dB
100 10 -0,97
80 2 0,0
60 0,05 1,25
NOTE It is assumed in the above that 2 % total harmonic distortion corresponds to the clipping level; the
exact value does not change the reasoning.

It shoulfl be noted that the above three specifications relate to the samg({amplifier.Cthe rated
output yoltage or power is thus NOT a reliable guide to the true oytput itigs of an
amplifier, which is why additional characteristics have been standarg [ N 14.7.3.

A furthgr consideration is that operation for an extended period ata I mear the
clipping|level is likely to result in overheating; the heating e i S spefech and

music sjgnals, and results in the concept of temperature-K 1.7.4). 1t
should be noted that, for most amplifier designs, it is A ! sQmponents,| not the
output qgtage devices, which overheat under high output pows against
over-hepting may be provided

— by automatic means which atte lifier to

contjnue working more or less norm

— by automatic means which disconnect Qad preventing the amplifier from|working
normally but allowing it to continde t S when the high-level outppt is no

— by the operation of fuses o ts, whi i€ an operator to replace or reset,

In applications such [as\sg smergency purposes, it is essential fhat the
amplifier continugs. to ) r all possible conditions. It is therefore justified, in
such calses, to @' q im signals
to be specified. It 1§ » sentj i for the
normal Id high-
fidelity s buld not
be drive

14.9.2

The tim hower.

The ratgd.value shall be stated by the manufacturer in the specification.

14.9.3 Method of measurement
WARNING: Some amplifiers may be seriously damaged by this test.

a) The method described in 14.6.3.2 is used, the amplifier being operated under rated
conditions for a measured period of time, ending when the rated distortion-limited output
power or voltage can no longer be achieved at the rated total harmonic distortion, or for
60 min, whichever is less.

b) Care shall be taken that the conditions of ventilation and any other means of cooling
during the test are similar to those which occur when the amplifier is in normal use.

c) The results shall be expressed as the time, measured as in item a) above, in seconds or
minutes, as appropriate, or as 'greater than 60 min', if that is the case.
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14.10 Gain
14.10.1 Voltage gain and e.m.f. gain

The manufacturer may use one of the following two methods for stating the rated value of gain
in the specification, either as a direct ratio or in decibels.

a) The voltage gain, being the ratio of the output voltage U, to the input voltage U, under
standard measuring conditions.

b) The e.m.f. gain, being the ratio of the output voltage U, to the source e.m.f. Eg under
standard measuring conditions.

NOTE In item b), the difference between the voltage at the input terminals and the e.m.f,ef the source is taken
into accodint.

14.10.2| Maximum e.m.f. gain

14.10.2J1 Characteristic to be specified

The e.m.f. gain measured with the volume control set at the pgsition~gQ dain and
the sou ' asuring
conditio

The ma

14.10.2
a) The

b) The
decr

c) The
d) The
e) The

e e.m.f.

Uo/E .
14.10.3
14.10.3

Chanical
n). The

The attd
position
charactéri

The mapufaeture

may optionally present these data in the specification.

NOTE 1 [If\thére is more than one volume control, the characteristic of each control should be specified.

NOTE 2 It should be taken into account that the attenuation characteristic may be a function of frequency, either
intentionally, as in a 'loudness control' (physiologically-compensated gain control) or otherwise.

NOTE 3 Where ganged volume controls are used to control the gains of more than one channel together, the gain
differences between channels are functions of the volume control position, and such gain differences are often an
important characteristic which may also be specified by the manufacturer.

14.10.3.2 Method of measurement

a) The amplifier is brought under standard measuring conditions, except that the volume
control is set to the position of maximum gain.

b) The output voltage U, is measured.

c) The volume control is then adjusted in successive steps; after each step, the position of
the volume control is noted and the output voltage U,' measured.

d) The ratio of the output voltage at maximum gain U, to the output voltage measured at
each step Uy' is, expressed in decibels, 20 Ig (Uy/U5").
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e) These ratios are presented as a tabulation or graphically as a function of the position of
the volume control.
f) This measurement may be repeated at other frequencies (see note 2).

NOTE 1 For large attenuations, care should be taken to ensure that noise and hum do not affect the results. To
prevent this, the source e.m.f. may be increased by a known amount, and an allowance made in the results. Care
should be taken not to exceed the overload source e.m.f.

NOTE 2 The results obtained in item f) of this method may also be used to present graphs of gain-frequency
response at various settings of the volume control or 'loudness control'.

14.10.4 Attenuation characteristic of balance controls for multi-channel equipment

14.10.4.1 Characteristic to be specified

The attgnuation of the balance control, expressed in decibels, as a functjon of the meghanical

position| of the control (for example, angle of rotation from a given dat

The mapufacturer may optionally present these data in the specificati

14.10.4{2 Method of measurement

a) Thelamplifier is brought under standard measuring itions, With balancg control
adjusted to produce maximum gain in the channet first t the sourde e.m.f.
being applied only to this channel.

NOTE It may be necessary to reduce the source e.m.f 2 ver being

exceeded

b) The

c) The Sition of
the balance control is noted and th

d) The ured at
each

e) The 3 iction of position of the balance confrol.

f) The pl being
meal

g) The

NOTE It]i the same

graph.

14.11

14.11.1

14.11.1

Variatior—as—a—function—of flcqucnby, ofthe—em+ Ua;ll (lat;u of—the ottt vuitag., to the

source e.m.f.), expressed in decibels, relative to its value at a specified reference frequency
(normally the standard reference frequency).

It is recommended that the manufacturer state the rated value in the specification.

14.11.1.2 Method of measurement

a) The amplifier is brought under standard measuring conditions, with the source at the
specified frequency.

b) The source e.m.f. Eg and the output voltage U, are measured.

c) The frequency of the source is varied continuously or step by step, maintaining the source
e.m.f. constant. The output voltage U,' is measured at each frequency.

d) The ratio of the output voltage at each frequency of the source to the output voltage at the
specified reference frequency is, expressed in decibels, 20 Ig (U,'/U>)
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e) These ratios are presented graphically as a function of frequency.
14.11.1.3 Equalizing amplifiers

The frequency response of an equalizing amplifier with specified equalizing characteristics
shall be measured by the method described in 14.11.1.2, adjusting the source e.m.f. at each
frequency in accordance with the inverse of the specified equalizing characteristic.

The source impedance shall represent the impedance of the transducer for which the
equalizing amplifier is intended, over the effective frequency range. This impedance shall be
stated with the results (if possible in the form of an equivalent circuit).

NOTE IEC 60098 [3] specifies a relationship between the recorded velocity on a disk record and the output
voltage of the amplifier. Unless otherwise specified, 1t Is usual to compare the response gt the itself with
this specified relationship (thus assuming a transducer having an ideal frequency respo

b in the
turer.

If the rpsponse of an equalizing amplifier is designed to compe
frequenty characteristic of a particular transducer, this should be. sta

14.11.2| Gain-limited effective frequency range
14.11.2J1 Characteristic to be specified

The frequency range within which the deviations fro i e under
standar ; ipritg

The ma

14.11.2

The eff
under s

14.11.1,

14.11.3
14.11.3

The fre bd total

harmon

Unless i tated,\the specified fraction shall be one-half in terms of power, ¢r -3 dB
when e i

It is rec

NOTE T 2l taclt n b Aapalilall i £ o £ $los . tapiat
reteprecaretterm— power DantwWwittn S oTte i uSeaTorthtS—tmaractertStc:

14.11.3.2 Method of measurement

The distortion-limited effective frequency range may be determined from the distortion-
frequency curves prepared according to 14.12.4.1.

14.11.4 Phase-frequency response
14.11.4.1 Characteristic to be specified

The phase difference between the output voltage and the source e.m.f. as a function of
frequency, under standard measuring conditions for stated positions of the controls, if any.

The manufacturer may optionally present these data in the specification.
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Instead of the phase-frequency response, the time delay may be given as a function of
frequency.

14.11.4.2 Method of measurement
a) The amplifier is brought under standard measuring conditions.

b) A phase difference meter is connected to the source and the output terminals, proper
account being taken of the marking of the terminals.

c) The frequency of the source is varied continuously or step by step, the phase difference
being measured at each frequency.

d) The phase difference A is expressed as a function of frequency, or as a time difference 1
in mjcroseconds, and presenied as a grapn:

7 = (AQ/360f) x 106

with|Ag expressed in degrees (°).
NOTE Fpr equalizing amplifiers, see 14 11.1.3.

14.12 Amplitude non-linearity

14.12.1| Introduction

A generjal explanation of amplitude non-linearity can\be found-inNEC 68-2.

14.12.2

14.12.2

The va i i i anufacturer in the specificption or
specified in an IEC stane i ¢ performance of the amplifier is considered

unacceptable for the intended p

NOTE P

for most gurposes s@
14.12.3| Total haivhg

the human ear suggests that the limiting value of|distortion
srload restoring time is also significant; see 14.6.%.

14.12.3
The tof] i % when the amplifier is working under standard measuring
conditio
It is strg tion, for
the reas

NOTE 1 [Ina’properly designed system, the amplifier operates for most of the time with its output voltage in the
order of I0 dB below the rated distortion-Timited oufput voltage, due to the amplitude probability distribution of
speech and music signals (hence the choice of 'standard measuring conditions').

NOTE 2 This characteristic is a good measure of the distortion performance of the amplifier, provided that the
distortion does not rise at lower output voltages due to cross-over distortion. In contrast, the rated total harmonic
distortion is a somewhat arbitrarily chosen limiting value.

14.12.3.2 Method of measurement

a) The amplifier is brought under standard measuring conditions and the output voltage U, is
measured.

The level of total harmonic distortion of the source of signals shall be at least 10 dB below
the lowest level of distortion to be measured.
NOTE For greatest accuracy of measurement of the voltages, a true r.m.s. meter should be used, but for a total

harmonic distortion of less than 10 %, the error of an average-responding meter scaled to read r.m.s. values of a
sinusoidal signal is small.
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b)

c)

d)

14.12.4| Total harmonic distortion as a function of amyp]itu
14.12.4|1 Characteristic to be specified

The totdl harmonic distortion, determingg
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A filter, selectively attenuating the input signal frequency to a level 10 dB below that of the
distortion components, or a high-pass filter with similar attenuation at the input signal
frequency and low known pass-band attenuation at the harmonic frequencies, is
connected at the output terminals.

The output voltage Uy' (due to distortion) is measured and, if necessary, corrected for the
pass-band attenuation of the filter.

The source e.m.f. is reduced to zero and the output voltage Uy" is measured. Unless this
voltage is less than one-third of Uy', the measurement is being affected by noise and the
results shall be discarded. In this case, the more time-consuming but robust measurement
of the harmonic distortion of the nth order (see 14.12.5) shall be used.

The total harmonic distortion under standard measuring conditions can be determined by

the fermutae:

diot = (U2'/U3) x 100 %

as aj percentage, or:
Ld.tot = 20 1g (U2'/U2)
in decibels (dB).

NOTE 1 |If the total harmonic distortion is mea a ¢ } nts of the

harmonic|spectrum (see note 2) to be above the e i i ited effective frequency r

nge (see

14.11.2), the measured value of total harmonic distortion Is i (depending on the design of the amplifier) to

be misleadingly low. The higher the order of th
at which this effect becomes impg

onic, the lower the fundamental frequency

For exam Bignificant
harmonic|i should be
stated is s of total

harmonic|distortion could b

NOTE 2 |Some amp
orders. The highest

taken as
at the sa
be stated

The ma
14.12.4

a) The
b) The

c)

i¢s of high
deneral be
distortion
it should

s are then repeated at least at three other frequencies up to the limit
indigated in note 1 of 14.12.4.1 and at other values of output voltage U, up to and| beyond
the rated distortion-limited output voltage.

To ensure the accuracy of each measurement, it is essential to observe the precaution in
item a), and repeat the test according to item d), of 14.12.3.2.

The results of the test are presented graphically.

14.12.5 Harmonic distortion of the nth order under standard measuring conditions

14.12.5.1 Characteristic to be specified

The harmonic distortion under standard measuring conditions due to the component of the
output signal of harmonic order n.

It is recommended that the manufacturer state rated values for this characteristic, at least for
values of n from 2 to 5, in the specification.
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14.12.5.2 Method of measurement

a)

b)

c)

d)

e)

14.12.6 j oas a fopction of amplitude and freqyiency

The amplifier is brought under standard measuring conditions and the output voltage U, is
measured.

A band-pass filter passing only the harmonic frequency to be measured is connected to
the output terminals. The attenuation of the filter at the input signal frequency shall be at
least 10 dB greater than the ratio of the output voltage U, to the smallest harmonic voltage
to be measured.

The level of the nth order harmonic distortion in the source of signals shall be at least
10 dB below the lowest level of distortion to be measured. As an alternative to measuring
each harmonic frequency in turn using bandpass filters or a wave analyser, a spectrum
analyser may be used to measure the amplitudes of several distortion components and the
fundamental simultaneously.

The [output voltage Uy ' of the filter is measured and corrected if Qeces e pass-
ban i > meter
is ngt essential for the measurement of U '

The L ( voltage
is leps than one-third of the voltage Uy ', the measurer i [ hoise or

spurfious signals and the results shall be discarded.
The |harmonic distortion of the nth order can be d

as alpercentage, or:

in decibels.

14.12.6

The tot ns (see

14.12.5

The ma

NOTE 1

NOTE 2

14.12.6

a) The ton of the nth order is determined as given in 14.12.5.2.

b) The|measure are then repeated, at least at three other frequencies up to the limit
indigated in note 1 of 14.12.4.1, at other values of output voltage U, up to and beyond the
rated distortion-limited oufput voltage and at other values of harmonic order.

c) To ensure the accuracy of each measurement it is essential to repeat the test according to
item d) of 14.12.5.2.

d) The total harmonic distortion under the given conditions can be determined by the
formulae:

[Z°° U2 ]1/2
diot=——2—2"__x 100 %
U2
as a percentage, or:
Ld,tot = 20 Ig (d0t/100)
in decibels (dB).
e) The results of the test are presented graphically.
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14.12.7 Modulation distortion of the nth order (wheren =2 orn = 3)

14.12.7.1 Characteristics to be specified

a)

b)

14.12.7]2 Method of measurement

a)

b)

c)

d)

e)

f)
9)

h)

Modulation distortion of the second order.

When f; and f, are the frequencies of two sinusoidal input signals of specified amplitude
ratio, the second-order modulation distortion is given by the ratio of the arithmetic sum of
the output voltages at frequencies f, + f; and f, — f1 to the output voltage at frequency f;.

Modulation distortion of the third order.

When f; and f, are the frequencies of two sinusoidal input signals of specified amplitude
ratio, the third-order modulation distortion is given by the ratio of the arithmetic sum of the
output voltages at frequencies fy + 2f; and f; — 2f4 to the output voltageatfrequency f,.

It is recommended that the manufacturer present these data in the

Unlgss a spectrum analyser is used, making it possifite_ t¢ mediate
identification of the various components of the output 3 puld be

chogen as follows: f, — 2f; should preferably be hig highest
signfficant harmonic of fq; if the highest significant har buld not
excged f,/8.

It is [desirable to choose f1 to be between 0,5 octave(and 14& S ver limit
of the effective frequency range and f, to be(be ; , blow the
uppeér limit of that range.

If thé amplifier to be measured includes t plitude ratio shall be adjusted
to the specified value, preferably 4;1>at a\po ually—either the input or outpyt of the

spectral distribution of the gignal is

amplifier) where, when the ampliffer is—in u
normal. For example, an_equalizing\amplifig : ic pick- i
disk|records has a nofmaksi pectrum_at its gutput, whereas a recording amglifier for

The [amplifier is brpughruyn meéasuring conditions and then connectefl to two
sournces with freq 3 f via a swrtch and a serres resistor of at east 10
timep the ra parallel
with|the input e s shunt

resis esistors shall be equal to the rated source impedance
of t

Eac at the
freq d output
voltage andh t e.m.f. at f, for an amplitude ratio of 4:1, to produce af output
voltage

Bot ging the
appropriate meas uring frequency: fo + fq, fo —f1, fo + 2f1 or fo — 2f1 connected between the
outply = 2 at other

frequencres shall be suffrcrent to preserve the accuracy of the measurement

The selectively measured output voltage (U f2+1', €tc.) is measured and corrected for the
pass-band attenuation of the filter and the measurements repeated for the other distortion
components, if required.

The measurement may be repeated for other values of input voltages, keeping the
amplitude ratio at 4:1.

Noise and spurious signal voltages shall not exceed one-third of the voltage of the
component being measured. This can be checked by reducing the source e.m.f. to zero.

The modulation distortion of the second order can be determined by the formula:

U +U.
dma2= 2f2+f1 2f2f1x100%

Uz
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as a percentage of the output voltage at frequency f,. Alternatively,
dm2=5dm2

as a percentage of the reference output voltage, if the amplitude ratio is 4:1.

The modulation distortion of the third order can be determined by the formula:

as a

_U2go+2i1t U22-2f1

dma= x100 %
m U2

percentage of the output voltage at frequency f,. Alternatively,

dm'3=5dma3

as a|percentage of the reference output voltage, if the amplitude rati

i) The| results of the measurement should be presented grgphi ions of
frequiency and reference output voltage, or as single figuresy pre }andard
meajsuring conditions.

Due to|the presence of two incoherent signals in the & signal

amplitui: is equal (apart from effects due to non-linearit to-peak

signal plitudes of the two sinusoidal signals.

The refgrence output voltage for expressing the bl to the

sum of i

For an &

14.12.8

14.12.8

a) Diffd
Whg parated
by 4 second
orde e output voltage Us s, _ 1" at frequency fo —f{ to the
refe ich is equal to twice the output voltage Uy fo.

b) Diffe ion of the third order.
With item a), the difference-frequency distortion of the third-prder is
give of The arithmetic sum of the output voltages at frequencies 2f, + f; and
2f1 1 ference voltage Uprer Which is equal to twice the output voltage U fo.

It is recommendedthatthe-manufacturerpresentthesedatainthespeetfication:

14.12.8.2 Method of measurement

a) The amplifier is brought under standard measuring conditions and then connected to two
sources with frequencies f; and f, each via a switch and a series resistor of at least 10
times the rated source impedance of the amplifier to a shunt resistor connected in parallel
with the input terminals of the amplifier (see figure 4). The combined value of this shunt
resistor in parallel with the series resistors shall be equal to the rated source impedance

of the amplifier.

NOTE The series and shunt resistors are intended to prevent intermodulation in the signal sources. Other, equally
effective methods may be used.
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c)

d)

e)
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The source frequencies f; and f, are adjusted to have a frequency difference of 80 Hz,
unless there is a good reason to choose otherwise.

Each source is connected in turn by means of the switch and the source e.m.f.s of each
source adjusted to produce an output voltage U; ¢1 or Uj o respectively of 16 dB below the
rated output voltage (one-half of the voltage under standard measuring conditions).

Both sources are connected simultaneously and a band-pass filter passing the appropriate
measuring frequency, f, —f1, 2f; —f, or 2f, — f; connected to the output terminals. The
attenuation of the band-pass filter at other frequencies shall be sufficient to preserve the
accuracy of the measurement.

The output voltage due to the relevant component of distortion is measured and corrected
for the pass-band attenuation of the filter. The measurements are repeated for the other

distgrton COMmMporents; i |cﬁu;|cd.

NOTE A|spectrum analyser may be used to measure all the components simultaneou

f) Noide and spurious signal voltages shall not exceed one-thj of the
component being measured. This can be checked by reducing the .1 ero.

g) Theldifference frequency distortion of the second order can<pe de brmula:

Uzfo-
dd,2=ﬂ><100 %
U2 ref
The hula:

h) The|measurements may be repeat .m.f. plues of
mean measuring frequency f,. \Carg—s i at low
freqencies that the band-pass-{il i ici tivity to
discfiminate between%he se¢ond ne-e ird- [ Fe close
together in frequenpy.

i) Duef|to the presence © k signal
amplitude i@ o ref IS
thergfore cho as_twi easuxed at fp, S0 Uy ref = 2U3 2.

i) The| results S t¥'should be presented graphically, as functions of
freq i i tandard
meal

k) Int bsponse
is f A example pre-amplifiers
emp| oV quiak used to
credte quasy L and at
its output.

In that 1:1, at a

point (usually the input or the output of the amplifier) where when the ampl|f|er is in use, the
spectral distribution of the signal is normal. For example, an equalizing amplifier for a
magnetic pick-up cartridge for analogue disk records has a normal signal spectrum at its
output whereas a recording amplifier for a magnetic tape recorder has a normal signal
spectrum at its input.
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14.12.9 Dynamic intermodulation distortion (DIM)
14.12.9.1 Characteristics to be specified

The modulation distortion arising when a particular input signal is used. The input signal is the
sum of a sinusoidal signal of frequency fg and a low-pass filtered square wave of fundamental
frequency fq, where fq is less than both fs and the filter cut-off frequency f.. The peak-to-peak
amplitude ratio of the square wave signal to the sinusoidal signal is 4:1 and the dynamic
intermodulation distortion is then determined by the ratio of the r.m.s. sum of the output
voltages at the frequencies specified in table 2 to the amplitude of the output voltage at the
frequency fs.

The mapufacturer may optlonally present tnese ddlad mthe SpECITICaIIOH

Taple 2 — Distortion components due to dynamic mtermodulat ng
in the frequency range up to 20 kHz

Intermodulation components \ equ nc
Frequency Symbol for output voltage<

5f, — fs Us \,0/75

fy - 4f, u (N > 2,40
6fq — fs UB(\\// /N 3,90
f, - 31, { G ¢ O\ W 5,55

7h — f U \ / 7,05

f - 21, [ U 8,70
\

10,20
11,85
13,35
14.12.9
a) The ifier s\l ard measuring conditions and then connectefl to two
sour i idal voltage’ and one of square-wave voltage, each via a swjtch and
a sefi i ast\LO times the rated source impedance of the amplifier toja shunt
resis } el with the input terminals of the amplifier (see figure[4). The

shunt resistor in parallel with the series resistors shall be pqual to
nce of the amplifier.

compi
the 1
The wave\source shall be provided with a single-pole low-pass filter with @ cut-off
frequiency fc 0f30/kHz or 100 kHz (see note 1).

NOTE 1 |The frequency f. is normally 30 kHz, but a frequency of 100 kHz will increase the sensitiity of the
method.

NOTE 2 The even harmonic content of the square-wave signal should not exceed 1 % of the value of the
fundamental.

b) The sinusoidal source is adjusted to a frequency fs = 15 kHz, the square-wave source to a

frequency fq = 3,15 kHz and the input peak-to-peak voltage ratio of these signals to 1:4
respectively. A typical spectrum of this signal as obtained in practice is given in figure 5.
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In this method of measurement it has been assumed that the required frequency response
is flat. When measuring frequency-dependent circuits, for example pre-amplifiers
employing equalization, an appropriate counter-equalization at the input shall be used to
create quasi-normal test signal spectral distribution within the amplifier under test and at
its output. In that case, the amplitude ratio shall be adjusted to the specified value,
preferably 4:1, at a point (usually the input or the output of the amplifier) where, when the
amplifier is in use, the spectral distribution of the signal is normal. For example, an
equalizing amplifier for a magnetic pick-up cartridge for disk records has a normal signal
spectrum at its output whereas a recording amplifier for a magnetic tape recorder has a
normal signal spectrum at its input.

NOTE 1 The peak-to-peak voltage ratio 1:4 is equivalent to

— the ratio 1:5,66 between r.m.s. amplitudes,

— therafio 1:11,3 between the r.m.s. value of the sinusoid and the peak-to-peak value of the square wa\e.

NOTE 2 |Measuring instruments specifically intended to perform this measurement
frequency of which is up to 1 % higher than 3,15 kHz.
c) With both sources connected the input source e.m.fs are thep in
peak input voltage corresponds to the peak-to-peak value
output voltage.

d) A sglective voltmeter or a spectrum analyser is connected\g it termingls. The
amplitudes of the sinusoidal signal Ug and of the i sdutati onents Uq, Uy, ... U
having frequencies mfs + nfy (m and n being i S ; the felevant
distgrtion components are given in table 2.

The|meter shall attenuate by leagt 5 which are more than| 750 Hz
away from the frequency of the comp

NOTE Qutput spectrum components other than tt

are not taken into account.
idual compone i i hum and noise, shall not|exceed
e compegent to\be measured; this can be checked by feducing

i as any component of frequgncy 2nfy)

e) The]levels of other re
—10|dB with respect
the §

f) The stol se”determined by the formulae:
x 100 %
as a pe
in decib
g) Furtd i i the dynamic performance of the amplifier may be determined from
addifi ents for a number of output voltages in the range between Zero and

rated outputvoltage.

h) The|results of test are presented either as a table or graphically. The value of f; shall
be stated. The reference output voltage to which measurements are referred is measured
by replacing the test signal by a sine wave with the same peak-to-peak voltage and a
frequency of 3,15 kHz.

14.12.10 Total difference frequency distortion
14.12.10.1 Characteristic to be specified

When f; and f, are frequencies of two sinusoidal input signals, where f; = 2fg, f, = 3fg — §,
0 being the frequency offset, the distortion is given by the ratio of the r.m.s. sum of the output
voltages U 11" and Uz f1.sp' of the in-band second-order and third-order intermodulation
products at the frequencies fy — & and fg + & to a reference output voltage, equal to the
arithmetical sum of the output voltages U 1 and U, f, at the frequencies f; and f;.

The manufacturer may optionally state the rated value in the specification.
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14.12.10.2 Method of measurement

a) The amplifier is brought under standard measuring conditions and then connected to two
sinusoidal sources, each via a switch and a series resistor of at least 10 times the rated
source impedance of the amplifier to a shunt resistor, connected in parallel with the input
terminals of the amplifier (see figure 4). The combined value of the shunt resistor in
parallel with the series resistors shall be equal to the rated source impedance of the
amplifier. Connection or disconnection of one source shall have a negligible effect on the
level of signal delivered to the amplifier input from the other source.

b) The source frequencies are adjusted to frequencies f; and fo (see 14.12.10.1). Unless

there is a good reason to the contrary, f; = 8 kHz, f, = 11,95 kHz. In this case f, — f; = fg —
0 =3 950 Hz and 2f1—f2—fo+6 4 050 Hz.
Int sponse
is f plifiers
emp alNbe |used to
create quasi-normal test signal spectral dlstrlbutlon within the & tesand at
its qutput. In that case, the amplitude ratio shall be adjys ¢ ecified” value,
preferably 1:1, at a point (usually the input or the output of<the Rli A ; hen the
amplifier is in use, the spectral distribution of the signal\is N ple, an
equalizing amplifier for a magnetic pick-up cartridge fér_di S | signal
spegtrum at its output whereas a recording amplifiet r has a
norrIaI signal spectrum at its input.

c) Each source is connected in turn by means of each
source adjusted to produce an output voIt S v the rated output voltage
(one

d) Both ass or low-pass filter, [passing
the z connected to the output terminals.
The shall be sufficient to presgrve the
accu

e) The No- > easured and corrected for the pajss-band
atte analyser, or a selective voltmeter, |[may be
used to mea 8 nts; the manner in which the measurgment is
made is de pnec i c iohMandwidth of the measuring equipment] Where
the bandwidth™S Aess\than 23, the individual distortion-component voltages Uj fp.f1" and
U of1-f2" at free 8 IMeasured separately and summed in a r.m.s. manner.
Wh Vi ) Han 20, the two components may be measured fogether
using an i

NOTE \MN.S.- \ng indicator should be used for measuring the two components together. Tlhe use of

an average- dingdindicatoy may give an error of up to 1 dB, while a peak-responding indicator mdy give an

error of upxo 3 dB

f) Noide and i ignal voltages at the filter output shall not exceed one-thirfl of the
output ,voltage._measured with the intermodulation components present. This [can be
chegked/ by disconnecting each source in turn.

g) The total difference frequency distortion can be determined by the formulae:

' ' 12
(U254t U201 45)
dTDED = 2f2-f1" Y2.2f1-f2 100 %
UofitUzf2

as a percentage, or:

L =201 TDFD

d, TDFD g 100
in decibels (dB).

h) Further information on the performance of the amplifier may be determined from additional

measurements for a number of output voltages in the range between zero and rated output
voltage and for a number of stated frequencies (see 14.12.10.1). The frequency f, may be
made as high as practicable within the gain-limited effective frequency range, but not
exceeding 20 kHz, whichever is less.
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i) The results of the tests are presented graphically or as values for specified frequencies
and output voltages. The reference output to which measurements are referred is a sine
wave with the same peak-to-peak voltage as the measured output voltage and a frequency
fo. The frequencies f; and fy used for the measurement shall be stated.

14.12.11 Weighted total harmonic distortion

The characteristics given in 14.12.3, 14.12.4, 14.12.5 and 14.12.6 may also be measured and
presented as weighted values by including a weighting network complying with annex A of
IEC 60268-1 between the amplifier output terminals and the distortion measuring instrument.
Allowance shall be made for the insertion loss of the weighting network at the input signal
frequency. See also amendment 1 to IEC 60268-2.

Becaus¢ of the shape of the response of the weighting network, the m tsnare valid

only forlinput signal frequencies between 31,5 Hz and 400 Hz.
Rated tgtal harmonic distortion (see 14.12.2) may also be prese e.

In the pfesentation of results, it shall be made clear that a repprted.

NOTE Weighted total harmonic distortion measurements are usef fre N s of many
harmonics, all of similar low level relative to the total output voltage, such a e tortion. In
such a case, the results of weighted measurements correlate, b 3 5 j ents, with
subjective| assessments of quality of reproduction (listening tes; E ot § urements

are prefefred.
14.13 INoise

14.13.1| Characteristic to be specifi
a) Signal-to-noise ratio

d, or a
oltages
br rated

The|ratio, expressed
weidghted sum of {
produced by the

, the amplifier being brought und

conditions a e.M.f. [ n reduced to zero. The weighting curve|and the
characteristi e Urinoy nts shall be as specified in IEC 60268-1.
Infoimation ab e, B ing kdm and the other spurious signal components,| may be
give ' wthis ig done, it shall be explicitly stated.

If it)s j i erence output voltage other than the rated output voltage, the
leve i ence voltage with respect to the rated voltage (0 dB) [shall be
stat

b) Noig
The Joutputweltagey of an amplifier which is due to noise generated both within the Tmplifier

and |within its ed source resistance. This voltage is measured at the outpuf of the
appmprimp filter or \A/pighting netwaork m‘r‘nrding to IEC 60268-1

NOTE For many purposes, it is the value of this noise output which is significant rather than its ratio to the rated
distortion-limited output voltage.

Also, the specification of noise output voltage (instead of signal-to-noise ratio) avoids conceptual difficulties which
arise when the noise performance is to be specified under measuring conditions where rated distortion-limited
output voltage cannot be obtained.

c) Residual noise output voltage

The noise output voltage as defined in b) above but with the volume control set to its
minimum position.

d) Equivalent noise source e.m.f.

The e.m.f. of a source giving a sinusoidal signal of a specified frequency which will
produce an output voltage equal to the noise output voltage produced by the amplifier.

NOTE The frequency of the equivalent source should preferably be the standard reference frequency of 1 000 Hz.
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The manufacturer shall state rated values for one or more of these characteristics in the
specification.

14.13.2 Method of measurement

a) The amplifier is brought under rated conditions.

b) The source e.m.f. is reduced to zero.

c) Noise measuring equipment for wide-band (unweighted), weighted or octave/third-octave
band measurement is connected to the output terminals (see IEC 60268-1).

d) The output noise voltage Uy' is then measured at each required setting of the controls, or
under such required measuring conditions (for example, reduced or increased power
supply voltage), as required.

e) The|noise output voltage U,' may be stated directly.
f) The|signal-to-noise ratio may be expressed as
U
201g 2L
Uz
whefe U (ef is a stated reference voltage, for exa output
voltage.
g) The|settings of all relevant controls and the measuring it S y stated
with|the results.
h) The|equivalent noise source e.m.f bf noise
output voltage and of gain (see 14
where
Ein is the equivalent noise
U,' is the noise outpu
A s the e.m.f@ me conditions.
14.14 Hum
14.14.1
Interferg D frequency and its harmonics is termed hum. The sybjective
effects ¢f/hu \ much on the waveform and spectral content so that good cqrrelation
is not us ieved between simple measurements and subjective evaluations, particularly
since the ch the loudspeakers used strongly influence the subjective results
In variaple/consumption apparatus the hum output voltage is likely to be a functioph of the

signal le

14.14.2 Characteristics to be specified

a) Hum output voltage: the output voltage due to interference at the power supply frequency
and its harmonics, when the amplifier is operating under specified conditions.

b) Signal-to-hum ratio: the ratio of rated distortion-limited output voltage to hum output
voltage, the amplifier being under rated conditions but with the source e.m.f. reduced to
zero.

c) Equivalent hum source e.m.f: the source e.m.f. at the specified frequency which would
produce an output voltage equal to the measured hum output voltage if applied to the
input of the amplifier operating otherwise under the same conditions.
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d) Residual hum output voltage: The hum output voltage measured with the gain control(s)

sett

0 minimum position.

NOTE It is illogical to refer this voltage to rated output voltage and calculate a "residual signal-to-hum ratio" since

with the g

ain control(s) at minimum, rated output voltage cannot be achieved.

It is recommended that the manufacturer state rated values for one or more of these

char

14.14.3

acteristics.

Method of measurement

a) The amplifier is brought under rated conditions and the conditions then readjusted to
those under which the measurement is to be made.

b) A band-pass filter is connected at the output terminals to pass the hum frequency

compenent-te-be-measured-

c) If tHe variation of hum output with signal output is to be m variable
congumption apparatus, a source at a frequency which is high ¢ b power
supply frequency, 5 kHz for example, is connected and the 30 djm}ted to
produce the required signal output voltage (for examples/ s basuring
conditions).

d) The|output voltage from the filter is measured, and necessary for the pass-
band attenuation of the filter.

e) The|measurement is repeated at other hum frequé

f) The Qr added to produce a total
hum(voltage:

The escribed in item b) of 14.14.2. The
equivalent hum source g éscribed in item c) of 14.14.p, using
the ¢.m.f. gain calcula casurement described in 14.5.4.

g) For yariable consumption ap I values
of olitput voltage, @

h) A spectrum 2 : measure all the hum voltage comjponents
simyltaneous

i) The . d with the gain control(s) set at minimum gain |position
to dg

14.15

14.15.1

Genera n the purpose and characteristics of balanced interfaces is given in

annex A. ,Thée b e of an input port may be influenced by inequality of the |internal

impedancés” from the input terminals to the reference point and/or failure of the dircuit to

reject common-mode signals adequately. Through mode conversion, the balance may also be
influenced by inequality of the internal impedances to reference potential of each limb of the
source supplying the balanced input.

14.15.1.

1 Characteristic to be specified

The combination of unbalancing effects shall be expressed as the common-mode rejection
ratio (CMRR), measurements being made by the method of 14.15.1.2. This ratio should
preferably be stated in decibels.

It is strongly recommended that the manufacturer state the rated value in the specification.
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14.15.1.2 Method of measurement

a) The equipment, connected in the test circuit shown in figure 6 (based on figure 1 of
IEC 60268-2), is brought under standard measuring conditions with switches S1 and S2 in
position 1. The generator shall have a balanced floating output circuit with an output
impedance not greater in value than the rated source impedance of the equipment under

test, Rg. The two resistors R shall be 10 Q + 1 %, or of closer tolerance.
NOTE Table 10 of IEC 61938 recommends a value of Rg of 50 Q or less.

b) The input voltage U, is measured using a high-impedance earth-free measuring instrument.

c) The output voltage U, is measured using an appropriate instrument.

d) The switch S1 is then set to position 2, leaving switch S2 in position 1. The source e.m.f.

is thHen increased to Up, SO that the output voitage U, IS either equal 1o
sufficiently high to avoid errors due to hum and noise.

e) The]|values of U;' and U,' are measured using the same ins
meaguring U,', temporarily note the value with switch S5 in po
posifion 2. The higher of the two values of Uy' is noted ag
step

f) The

To n
shoy
diffe

The
meal
used

g) The
effe
freqliency such as|¥
frequiency, such as

with|other va@o
h) The|results ar ¢
(decfibels on a li
14.15.2
14.15.2

The ped
signal W

It is recpmmended that the manufacturer state the rated value in the specification.

at least

While

%t it to

he next

tions as
l cause

with the
shall be

ing the
t a low

higher
ppeated

brdinate

b output

14.15.2.2 Method of measurement

a) The procedure given in 2.15.1.2 is followed as far as step e), with an oscilloscope
connected to the output of the equipment under test, so that the signal waveform can be
observed. The voltage U4' is then increased until the waveform begins to show rapidly

increasing distortion as the voltage is increased. The value of Uy' is then noted.

NOTE A conventional measurement of the increase in distortion is not usable, because the distortion of the output

signal may vary in a complex manner with input signal level.

b) If no rapid increase in distortion is observed with U{' equal to 24 V (r.m.s.), no greater

input voltage need be applied.

c) The measured value of U;' is expressed as a peak-to-peak value, by multiplying by 242
(2,828) to convert from an r.m.s. to a peak-to-peak value. If the condition given in b)

above applies, the result may be reported as 'greater than 68 V'.
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14.15.3 Balance of the output

14.15.3.1 Introduction

General information on the purpose and characteristics of balanced interfaces is given in
annex A. The balance of an output port may be influenced by one or more of the following
effects:

a)

Inequality of the internal impedances from the output terminals to the reference point. This
effect is particularly significant if the input to which the output is connected also has
unequal internal impedances to the reference point.

b) Inequality of the e.m.f.s at the output terminals with respect to the reference point. This
effeqt—i onsiadered 1m term Of & COmmon-moae _signa lc-"ot".o‘el' =1 wanted
bal

c) Intel - source
impedance associated with the common-mode signal described Iy b

d) Phage-shift differences in the signal chains to each output t

14.15.3J2 Characteristics to be specified

a) Thelinternal impedance balance, expressed as the i igl output
voltg . of the
com

b) Thelsymmetry of the output voltage LS n-mode
voltage produced by mode-conv G enfial Joutput voltage produicing it,
meal

NOTE T

It is recgmmended that the /Ma ues in decibels in the specificdtion.

14.15.3/3 Method of

a)

e)

5 Shall be
d the potentiometer Ry shall be 500 Q + 10 %, or
shall be 7,75 V (20 dBu), unless otherwisq stated.

The [equipment\is
3300Q+1 £| i;
of clpser tolerahge.

In some casesy\ assary to terminate the input of the equipment under test
with i

The |swite i i gsition 1 and Rt is adjusted to minimize the measured| voltage
Us, the i O . positiony2 and Rt readjusted so that the same value of Uy is measured
in bé 0N

nee balance is expressed as the ratio in decibels of V to Uj:
20 Ig (VIUy)

The[m&asurement is repeated for a number of frequencies, adequately covefing the
effective frequency range of the equipment. At least three measurements, one at a low
frequency such as 80 Hz, one at the standard reference frequency and one at a higher
frequency, such as 10 kHz, are recommended. The measurement may also be repeated
with other values of input voltage.

The results are given either in a table or graphically, presenting the ratio as ordinate
(decibels on a linear scale) and the frequency as abscissa (logarithmic scale).

14.15.3.4 Method of measurement of voltage symmetry

a)

The equipment, connected in the test circuit of figure 8 (based on figure 2 of IEC 60268-2), is
brought under standard measuring conditions with S in position 1. The two resistors R /2
shall each be equal to half the rated load resistance, minus the resistance of the
potentiometer Rt. Unless otherwise stated, the value Ry, shall be 600 Q.
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b)

c)

d)

f)

14.16 Cross-talk and separation in multi-channel amplifiers
14.16.1| Characteristics to be specified

Cross-talk attenuation is expressed in decibels as:

where
Ua A is|the rated output voltage of ch
Ug a isthe output voltage

Separatjon is expressed i

The output voltage U, is measured using a high-impedance earth-free measuring
instrument. The common-mode voltage Uy' is measured using an appropriate instrument.

The trimming potentiometer R; is adjusted so that the same (minimum) value of U,' is
produced in both positions of the switch S.

The ratio of differential signal to common-mode signal is calculated in decibels as:
20 Ig (Uo/U5Y)

The measurement is repeated for a number of frequencies, adequately covering the
effective frequency range of the equipment. At least three measurements, one at a low
frequency such as 80 Hz, one at the standard reference frequency and one at a higher
frequency, such as 10 kHz, are recommended. The measurement may also be repeated

with other values of source e.m.f.
Biordinate

The(results are given either in a table or graphically, presenting
(dedjibels on a linear scale) and the frequency as abscissa (logarit

of channel put voltage applied to channel A.

where plied to
channel

It is re f these
characte¢ri

14.16.2| Methiod easurement

a_) Twolchannels A_and B are hrmlghf under rated conditions

b) The output voltages Up a of channel A and Ug g of channel B are measured.

c) The input voltage to channel A is reduced to zero and the output voltage Uppg is

measured. This measurement may be either

1) wide band, or

2) selective at the measuring frequency, or

3) selective at the harmonics of the measuring frequency.

For the wide-band measurement, an r.m.s. voltmeter and wide-band filter according to
IEC 60268-1 shall be used.

NOTE To improve the signal-to-noise ratio of the wide-band measurement, the input source e.m.f. may be
increased. Care should be taken that this does not result in overloading anywhere in the active channel and that
the overload source e.m.f. is not exceeded. The value of source e.m.f. used should be noted with the results.


https://iecnorm.com/api/?name=c4930ffd2e302e4210ae3e0814a2a2ec

— 46 — 60268-3 © IEC:2000(E)

d) The input voltage to channel A is restored and that of channel B reduced to zero. The
output voltage Ug a is measured as above.

e) From these measurements, the required ratios can be calculated.

The cross-talk attenuation in decibels from channel A into channel B is:

201g UAA

UB,A

The cross-talk attenuation in decibels from channel B into channel A is:

. Upp
2010——
UaB

The separation in decibels of channel A from channel B is:

20 Ig UAA

Uag

The segaration in decibels of channel B from channel A

NOTE 1 ignals for
stereophd

NOTE 2 a single
output, a ently, this
method o ny output
(includingl a low-level output f n as an
'unrelated output').

The method of prea ctive at
harmonic frequ

The wide-band A may be referred to as 'Total cross-talk attenuation' ¢r 'Total
separat

The sel ‘Linear
separatj

The me s 'Non-
linear ¢ may be
combing ale-figure'

results.

f) The measurements may be repeated at other frequencies, at other output voltages and for
other channels. The results may be tabulated or expressed graphically.

14.17 Gain and phase differences between channels in multi-channel amplifiers
14.17.1 Gain difference
14.17.1.1 Characteristic to be specified

The difference in gain between a pair of channels for stated positions of the controls, if any,
as a function of frequency.

It is recommended that the manufacturer state the rated value in the specification.
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