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1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization\com
national electrotechnical committees (IEC National Committees). The object of IEC
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International Standard IEC 60268-3 has been prepared by IEC technical committee 100:
Audio, video and multimedia systems and equipment.

This fifth edition cancels and replaces the fourth edition published in 2013. This edition
constitutes a technical revision.

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

a) rated condition of digital input is newly specified;
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d) n=

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

Full i
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This
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[erms, definitions and rated values" clause is complemented.

Terance of rated power supply Is changed,
aximum effective output power is appended to output characteristics list;

CDV Report on voting
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document has been drafted in accordance with the\\SO/IEC Directives, Part 2.

of all parts in the IEC 60268 series, published under the general title Sound sy
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stem

equipment, can be found on the IEC website.

This | part of IEC 60268 shall be used in conjunction with IEC 60268-1:1985| and
IEC 60268-2:1987.
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stability date indicated on the |[EC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be
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e withdrawn,

o rgplaced by.arevised edition, or

e amended(
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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

analg

appli
ampl

NOTE|

In ge
direc
give

In ge
usefd
accu

Rate
meag

2 Normative references

The

contg
cited
any 4

gue/digital amplifiers, which form part of a sound system for professional or hous¢hold
Cations. It specifies the characteristics that should be included in specifications of
fiers and the corresponding methods of measurement.

The methods of measurement for digital amplifiers and similar equipment are given in AEC 61606 [1]1

neral, the specified methods of measurement are those which are’/seen to be most
tly related to the characteristics. This does not exclude the use;of other methods that
bquivalent results.

neral, the methods are based on the simplest measuring\equipment which can provide
| results. This does not exclude the use of more compléex: équipment that can give hjgher
acy and/or allow automatic measurement and recording of results.

] conditions and standard measuring conditions are specified in order to allow
urements to be reliably repeated.

ollowing documents are referred o in the text in such a way that some or all of|their
nt constitutes requirements of this document. For dated references, only the edition
applies. For undated references, the latest edition of the referenced document (inclyiding
mendments) applies.

IEC
IEC
IEC

ca/cu/at/on methods

0065: 2904 2014, Audio, video and similar electronic apparatus — Safety requirements

0268-1:1985, Sound system equipment — Part 1: General
0268-1:1985/AMD1:1988
0268-1:1985/AMD2:1988

and

Amendment 1:1991

IEC 6041 7: 2002 Graph/cal symbols for use on equment

— 12-month subscription to regularly

updated onlme database comprlsmg all graph/cal symbols published in IEC 60417

IEC 60958:2016 (all parts), Series, Digital audio interface

1 Numbers in square brackets refer to the Bibliography.
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IEC 61000-4-13:2002, Electromagnetic compatibility (EMC) - Part 4-13: Testing and
measurement techniques — Harmonics and interharmonics including mains signalling at a.c.
power port, low frequency immunity tests

IEC 61000-4-13:2002/AMD1:2009

IEC 61000-4-13:2002/AMD2:2015

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

IEC 61000-4-17:1999/AMD1:2001

IEC 61000-4-17:1999/AMD2:2008

IEC $1000-4-29:2000, Electromagnetic Compatibility (EMC) — Part 4-29: Testing| and
meagurement techniques — Voltage dips, short interruptions and voltage variations on d.c.
inpuff power ports immunity tests

IEC $1606-1:2009, Audio and audiovisual equipment — Digital audig~n\parts — Basic
measurement methods of audio characteristics — Part 1: General

IEC $1883-6:2014, Consumer audio/video equipment — Digital interface — Part 6: Audiq and
musig data transmission protocol

IEC $1038-10048
=S OO0 1990

video and aydiovisual cyctamse Interconnections and matbhing
e o—aRa—aHaovHSHa—SStensS tHtefrcoecHoRsS—ahRa—materHA

IEC $1938:2013, Multimedia systems — Guide td\ dhe recommended characteristiqs of
analggue interfaces to achieve interoperability

3 Terms, definitions and rated values

3.1 Terms and definitions

For the purposes of this documentythe following terms and definitions apply.

ISO Ind IEC maintain terminplogical databases for use in standardization at the follqwing
addr¢sses:

o |EC Electropedia: @vailable at http://www.electropedia.org/

e |30 Online brawsing platform: available at http://www.iso.org/obp

3.1.1

clasg A
nt is
and
load

impedance

3.1.2

class B

class of operation in which the current in each active device supplying the load current is
equal to zero for exactly one-half of each cycle of load current

Note 1 to entry: In common usage, the term Class B is extended to the case where current flows for slightly more
than one half-cycle.

Note 2 to entry: Classes G and H are modifications of class B with improved efficiency.
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3.1.3

class AB
class of operation 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

al is

Note 1 to entry: At sufficiently low signal levels, a Class AB amplifier usually operates in Class A.

3.1.4

class D

S —
at a|rate faster than the highest frequency of interest, and where the wanted sign
encofed in the switching pattern

Note 1
have H

3.2

A ful

The 1

4

|
—
a

v

q

|
—

- 13
- rg

4

g

|
-

- rg

NOTE
be tai
total h

NOTE|

To o
cond
not s

Meth
many
the s

to entry: Other classes of operation have been commercialized but no formal definitiogs\of such c
een submitted for standardization.

Rated values

explanation of the term "rated" is given in IEC 60268-2.

ated conditions for amplifiers are:

ted power supply voltage;

ted source impedance;

ted source e.m.f,;

ted load impedance;

ted total harmonic distortion, or rated (distortion-limited) output voltage or power;

ted mechanical and climatic conditions.

1 Total harmonic distortion and (distortion-limited) output voltage or power are interdependent. Both
en as rated conditions simultaneouslyybecause normally a given sample amplifier produces less than
larmonic distortion at rated output voltage or power.

2 If the power supply frequency’is critical, it is also a rated condition.

btain the correct conditions for measurements, the values for the above-mentioned
tions shall be taken*from the manufacturer's specification. These values themselve
Libject to measurement but they constitute the basis for measuring the other characteris

pbds of méasurement for these other characteristics are given in this document an
facturer.is either required or permitted to state 'rated values' for these characterist
pecification of the equipment. These include

asses

annot
rated

rated
5 are
lics.

d the
cs in

v

q

|
-

ted’voltage gain:

— rated distortion limited output voltage or power (when not adopted as a rated condition);

— rated signal-to-noise ratio;

— rated equivalent noise source e.m.f.

4 Conditions

4.1

411

Rated conditions and standard measuring conditions

Overview

For convenience in specifying how amplifiers shall be set up for measurement, sets of
conditions are specified in this document, under the titles of "Rated conditions" and "Standard
measuring conditions".
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4.1.2 Rated conditions

4.1.21 Analogue input

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)
b)

c)

d)

e)

f)
g)

h)
i)

Figure 1 shows block diagrams of amplifiers with some rated conditions stated.

the amplifier is connected to its rated power supply;

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

NPTE 1 Multi-channel amplifiers can be specified with any number of channels driven, or all channel$. See
Apnex B. The input signal can be applied simultaneously to all inputs of similar channels.

the output terminals are terminated with the rated load impedance;

NPTE 2 For the measurement of Class D amplifiers, the low pass filter can be connegted betwegn the
alyser and the rated load impedance. The low pass filter (analogue) is given in IEC 61606-1 (see Figure 3).

)

the terminals which are not used during the measurement are terminated, if necessary, as
specified by the manufacturer;

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 b¢ the
standard reference frequency of 1 000 Hz according to IEC60268-1.

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

the volume control, if any, is set to such a positign/that the rated distortion-limited output
vpltage appears at the output terminals;

the tone controls, if any, are set to a specified position to give the specified freqyency
gsponse, generally the flat frequency respohse;

-

the balance control(s), if any, is (are)_set to the mechanical central position;
the rated mechanical and climatic conditions according to IEC 60268-1 are complied With.

Amplifiers for which the rated)distortion-limited output power exceeds the rated temperdture-
limitgd output power are likely to be subject to overheating when operated under rated
cond|tions for an extended period of time. For these amplifiers, rated conditions shdll be

mainfained for no longer than can be tolerated by the amplifier.

4.1.2(2 Digifal input

a digjtat,audio signal and the output signal is an analogue signal. All the digital specificdtions

are

The Emplifier and measuring instrument is connected as shown in Figure 2. The input sigpal is

escribed in IEC 61606-1. The digital interface can be according to |IEC 60998 or

IEC 61883-6, or other interfaces having the same specification as in 3.1 of IEC 61606-1. The
source e.m.f. for digital input is the signal level of the digital sine signal generator specified in
4.6.2 of IEC 61606-1:2009:

a)
b)

the amplifier is connected to its rated power supply;
input signal is adjusted to:
— frequency: 997 Hz;

— signal level: full-scale level.

NOTE 1 Multi-channel amplifiers can be specified with any number of channels driven, or all channels. See
Annex B. The input signal can be applied simultaneously to all inputs of similar channels.

NOTE 2 The standard reference frequency of 997 Hz is according to 4.3 of IEC 61606-1:2009.
the output terminals are terminated with the rated load impedance;
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NOTE 3 For the measurement of Class D amplifiers, the low pass filter can be connected between the
analyser and the rated load impedance. The low pass filter (analogue) is given in IEC 61606-1 (see Figure 2).

d) the terminals that are not used during the measurement are terminated, if necessary, as
specified by the manufacturer;

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

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

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

h) the rated mechanical and climatic conditions according to IEC 60268-1 are complied with.

Amplifiers for which the rated distortion-limited output power exceeds the rated temyperdture-
limitdd output power are likely to be subject to overheating when operated uwder fated
condltions for an extended period of time. For these amplifiers, rated condjiiohs shdll be
maintained for no longer than can be tolerated by the amplifier.

4.1.3 Standard measuring conditions

Thesg are obtained by bringing the amplifier under rated conditions (see 4.1.2) and|then
reduging the source e.m.f. to a level of =10 dB referred to the rated_source e.m.f.

4.2 Other conditions

If supplementary data of the amplifier are presented{sapplying to other than the rated or
standard measuring conditions, for example at different frequencies or at different settings of
contrpls, then the conditions shall be fully defined.in‘the presentation. These conditions ghall,
if pogsible, be chosen according to the recommendations made in the relevant clauses of this
document.

The jprocedures for supplementary meaSurements may be derived from the measurement
procgedures given for the standard conditions. If special precautions are necessary to ensure
accufacy, these shall be indicated together with the measurement procedure involved.

5 Classes of operation
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Amplifier classes are classified according to the operation of an amplifying stage. These
classes are defined as Class A, Class B, Class AB and Class D; detailed definitions are given
in 3.1.

6 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
ampl|fier shall be used.

7 Automatic controls

The amplifier may contain automatic control circuits such as limiters,.cempressors, expanders
and klectronic fader circuits. These circuits make certain characteristics of the amplifier
depehdent either on a signal passing through the amplifier itself’or on an external cgntrol
signgl. When measuring the characteristics of such an amplifier;-the automatic control cifcuits
shalllbe disabled, except when measuring their characteristics.

8 PRower supply

Meagqurements shall be made with the amplifiet:connected to rated power supply. Care [shall
be taken to maintain the power supply voltage;at the rated value during the measuremgnt.-f

tha 'nanllfar\hlror claims power cllhnl\/ veltage tolerances exceeding+10 o/ tha tha
L L34 A\~ a=d A" ZANTATA A | | w —_ T Uy rroT LA~

e oo toT P A=l = =4 wWwtagtc

H - The tolerance of the supply voltages should be + 1 % or Iess A tolerance of up to
+ 10 Po may be allowed if the resulis~of the measurements are not noticeably affected.

Addifional measurements may:bé made at the upper and lower limits claimed as tolerable for
the power supply voltage, the power supply frequency and the a.c. power supply harmonics or

WARNING - The power supply voltage tolerances specified by the manufacturer shall

. S . . 2 volL all be
at the posmon correspondmg to rated cond|t|ons (see 4.1.2), unless a maximum or minimum
position of the control is inherent in the characteristic to be measured.

If the characteristic is to be measured for several settings of the volume control, then
the position for rated conditions shall be included, other preferred settings being maximum,
and -3 dB, -6 dB, -10 dB, -20 dB and -40 dB with respect to 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.
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10 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.

The amplifier is then brought under standard measuring conditions (see 4.1.3). Due to internal

heating, the output voltage may subsequently vary with time. Unless excessive, this effect is
ignor d durina tha nea ~conditianins e~ \Whaoan tha nra conditianina ~ariad 1o Ay A the

OOy e P T e T O T O Tt O T g P T O v v e Tt o P e C OO Tt oT T g P e T Ot 1o O veT

ampl|fier shall be brought under rated conditions or standard measuring condition$, as
requifred.

11 Series of measurements

If a geries of measurements is made, the amplifier should preferablytbe maintained Under
standard measuring conditions in the periods between measurements:

If thg amplifier has to be put out of operation for an extended périod between measuremlents,
then | pre-conditioning according to Clause 10 shall be.‘repeated before each sgt of
meagurements, unless this can be shown to be unnecessary.

12 Variable consumption apparatus

Sound system equipment shall be considered as\variable consumption apparatus if it corftains
one pr more power amplifiers operating in.the Class AB, B, or D modes, in which thg d.c.
powdr supply for the output stages is either electronically regulated by means of series cqntrol
elements or is not regulated.

NOTE|1 Variable consumption apparatus'is defined in IEC 60065:1976 2 as "apparatus in which the [power
consumption can vary by more than 1§.% due to changes in load impedances of the output circuit or in |signal
paramleters”, but no definition appears'in later editions.

NOTE|[2 Where the d.c. supply-is Tegulated by shunt control elements, the power consumption is usually,|if not
alway$, substantially constanti\The apparatus, however, behaves in some respects as a variable consumption
apparatus, and, in particularythe text of 15.7.4.1 still applies.

apparatus, in most cases with no special problems. However, certain problems may ocqur in
the measurement of hum and rated distortion-limited output power, and some addifional
meagurements are valuable in assessing the performance of such apparatus (see the ndte of
15.6.3.1 and item c) of 15.14.3).

All tle measurements contained in this document may be performed on variable consun%ption

13 Marking
Principles for marking the terminals and controls are given in IEC 60268-1.

Marking may concern:

personal 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.

2 |EC 60065:1976, Safety requirements for mains operated electronic and related apparatus for household and
similar general use


https://iecnorm.com/api/?name=492cb2af148b9aff58b4068f01a1deff

- 14 - IEC 60268-3:2018 RLV © |IEC 2018

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.

14 CPGI at;llu GIIV;I Ulllllcllt

Meaqurements, especially those including temperature measurements, shall be <arried out
with the amplifier mounted in a situation similar to that in which it is to be used‘Restrigtions
on mounting and special ventilation requirements shall be stated by the manufacturenq and
form| part of the rated conditions (see 4.1.2). See also IEC 60065 or .other appropriate
IEC gafety standard.

15 Characteristics to be specified, and their methods of measurement

15.1| Power supply characteristics
15.11 Characteristics to be specified

The [following information shall (except where indicated as optional) be stated by the
manufacturer in the locations indicated, for each\pair of terminals to be connected t¢ the
powdr supply and for each position of the power<supply voltage selector, if any:

a) the type of power supply (d.c. or a.c.); on\the equipment and in the specification;

b) the rated power supply voltage (this is*a rated condition, see 4.1.2); on the equipmen} and
in the specification;

c) the power supply frequency orrange of frequencies (this may be a rated condition| see
411.2); on the equipment and\in the specification;

d) the power drawn, under fated conditions, expressed in watts; on the equipment and ip the
specification;

e) fqr variable consumption apparatus (see Clause 12), the power drawn from the power
stipply may optionally be expressed as a function of output voltage or power from zgro to
the rated value; with specified load impedances, including the rated load impedance.| This
characteristic-is particularly of value for equipment which may be operated from batteries.
Itfmay belpresented as a graph.

If, in|items d) or e) above, the apparent power drawn is significantly greater than the| true
powdr\thie apparent power should be stated in addition.

15.1.2 Method of measurement

The amplifier is brought under rated conditions. The power drawn from the power supply is
measured in watts by means of a wattmeter:

a) with rated source e.m.f., see 15.5.3;

b) with the source e.m.f. according to standard measuring conditions;

c) for variable consumption apparatus, at various values of output voltage or power from zero
to the rated value.
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15.2 Tolerance of (long-term) power supply voltage variations
15.2.1 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

‘ dad-
exeeeaet;

c) the maximum permissible temperature is not exceeded in any component when the
amplifier works under standard measuring conditions — except as regards power supply
vpltage — for an extended period of time;

d) ngither 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 valye.

Amplifiers designed to take their power supply from the mains arergenerally not subjgct to
powdr supply variations exceeding + 10 %. Such variations do not géenerally require a special
design of amplifier.

Amplifiers designed to take their power supply from batteries or small converters mgy be
subjdct to larger variations of power supply voltage, which“-may be due to changing loaq, the
tempgrature of batteries or the gradual decrease of battery voltage during life or dischargg.

The fated value shall be stated by the manufacturer in the specification. If the manufaqturer
statep that the amplifier tolerates power supply voltage variations not exceeding + 10 %,|then
compliance with requirements a), b) and c)(is” considered to be within the scope of ngrmal
ampl|fier design. Compliance with requirements d) and e) shall be checked.

If th¢ manufacturer states that the amplifier will tolerate power supply voltage varigtions
excegding + 10 %, the specification-shall give details of any special means for compensjating
such| variations and the proper working of these means shall be checked if possible.
Compliance with requirementsra) to e) shall be checked.

15.22 Methods of measurement
15.22.1 Temperature
The amplifier.is¢brought under standard measuring conditions.

a) Ifla rated temperature-limited output power is given, the source e.m.f. shall be adjuste¢d so
that'this value of output power is obtained.

b) The powersuppty vottage is adjustedto the uppertimitstated by themanufacturerand the
source e.m.f. readjusted, if necessary, to restore the output power to the value specified in
item a).

c) The amplifier shall be capable of working continuously under these conditions for at least
4 h without any component exceeding the maximum permissible temperature.
15.2.2.2 Variations of output and gain

The amplifier is brought under rated conditions, the total harmonic distortion being measured
by the method given in 15.12.3.2.

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

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 source e.m.f. Eg is
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readjusted to obtain the initial total harmonic distortion, and the source e.m.f. ES' and the

(0]

utput voltage U,' are measured.

NOTE Over the range of permitted supply voltage, both E' and U,' are usually substantially proportional to the

power

15.2.

supply voltage, where no voltage regulation is provided.

2.3 Hum

The amplifier is brought under standard measuring conditions and the source e.m.f then
reduced to zero.

a) T

b) T
F
m
th

15.3
15.3.

The {
withi

a) th
a
fr

b) th
s

c) th

The manufacturer shall state the rated value'in the specification.

Com
desig

NOTE|
end of

15.3.
15.3.

The

he signal-to-hum ratio is measured as indicated in 15.14.

he power supply voltage is varied step by step over the range specified by the manufac
pr each value of the power supply voltage chosen, the hum voltage at the .outp

e rated output voltage to the measured hum voltage.
Tolerance of power supply frequency variations
1 Characteristics to be specified

olerance of power supply frequency variation, such that, for any ‘power supply frequ
h the stated limits:

e maximum permissible temperature is not exceededvin any component wher
mplifier is under standard measuring conditions —except as regards power s
equency — for at least 4 h;

e output voltage and the total harmonic distortion of the amplifier are not subjg
gnificant variations;

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

n.

Increase in temperature of components might occur, particularly in the power supply portion, at the
the power supply frequency range.

2 Methods of measurement

2.1 Variations of output voltage and total harmonic distortion

a)

by t:r method given in 15.12.4.2.

hmplifier-issbrought under rated conditions, the total harmonic distortion being meas

hésource e.m.f. E; and the output voltage U, are measured.

urer.
ut is

easured and the signal-to-hum ratio computed. It is expressed as the ratio in‘decCibgls of

ency

the
Lipply

ct to

e.

bliance with requirement a) is_considered to be within the scope of normal amplifier

lower

ured

b) The power supply frequency is varied step by step over the range specified by the
manufacturer. For each value of the power supply frequency chosen, the output voltage
U,' and the total harmonic distortion are measured.

c) Neither the voltage U,' nor the total harmonic distortion shall be subject to significant
variations within the specified power supply frequency range.

15.3.

2.2 Hum

The method of measurement is as given in 15.2.2.3, except that the power supply frequency
is varied instead of the power supply voltage.

NOTE

The worst signal-to-hum ratio is generally found at the lower limit of power supply frequency.
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15.4 Tolerance of power supply harmonics and ripple
15.4.1 Characteristics to be specified
The following characteristics should be specified.

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

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 15.2.1;

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

Reqgdirement 1) implies that the tolerance of a.c. power supply harmonics does not&xceef the
smallest tolerance, either positive or negative, specified for the power supply voltage
accofding to 15.2.1.

b) The tolerance of ripple on the d.c. power supply, such that, within the*stated toleffance
range

1) the variations of the power supply voltage do not exceed-the variation due t¢ the
permissible power supply voltage variations specified accofding to 15.2.1;

2) 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 _fanges in the specification.

15.4)2 Methods of measurement

The methods of measurement are specified in@ther IEC standards:
a) Ppwer supply harmonics
See IEC 61000-4-13.
b) Ripple
See IEC 61000-4-17.
c) Vpltage dips, short interruptions and voltage variations
Slee IEC 61000-4-29.

15.5( Input characteristics
15.5/1 Rated source impedance, characteristic to be specified

The [intermal> impedance, stated by the manufacturer in the specification, of the squrce
supplying-the signal to the amplifier.

Unless otherwise specified, the rated source impedance is assumed to be a constant pure
resistance.

NOTE The manufacturer can also give the range of source impedances which is considered tolerable in practice.

If the rated source impedance is not stated by the manufacturer, the appropriate impedance
specified in IEC 61938 shall be used.

15.5.2 Input impedance
15.5.2.1 Characteristics to be specified
The internal impedance measured between the input terminals:

a) under standard measuring conditions; the rated value shall be stated in the specification;
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at other signal frequencies; this may optionally be stated in the specification, except where
the variation with frequency may be important (such as for inputs for magnetic tape heads
or pick-ups for analogue disc records), in which case sufficient additional data shall be
given.

15.5.2.2 Methods of measurement

15.5.2.2.1 General

In the methods given in 15.5.2.2.2 and 15.5.2.2.3 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

15.52.2.2 Balanced input

ethods givenin 15.5.2.2.4 or 15.5.2.2.5 may be used.

The amplifier is brought under standard measuring conditions, using a source.free from garth

(or chassis), as shown in Figure 4 a).

a)

b)

c)

he input voltage U, is measured by means of a voltmeter with(balanced input, whose
input impedance is high compared with the input impedance of the .amplifier.

he amplifier is then substituted by a calibrated variable resistor, which is adjusted sqg that
the voltmeter again reads U;. The value of the variable ‘resistor is then equal t¢ the
odulus of the input impedance of the amplifier at the standard reference frequency.

Tlhe measurement may be repeated at other signal’frequencies, preferably standard
one-third octave band centre frequencies (see IEC60268-1).

If the input impedance of the amplifier is high compared with the rated source resistance] it is
diffichlt to determine precisely the setting of the variable resistor which gives a voltmeter
reading equal to U,. In other words, the sensitivity of the method of measurement is low | This
effect can be overcome by increasing the source impedance for this measurement, to a yalue

of 10[ or more times the rated source impedance.

The [input impedance of the voltmeter also affects the sensitivity of the measuremept. It
should therefore be high compared with the parallel combination of the source impedance

used|for the measurement and-the input impedance of the amplifier.

The position of the volume ‘control may affect the input impedance. If so, the measurements
should be repeated at“different positions of the control and the positions reported with the
resuILs. The source( exm.f. should be adjusted to maintain the output voltage at 10 dB Qelow

ther

15.52.2.3 _“‘Unbalanced input

ted value, unless this would require the overload source e.m.f. to be exceeded.

The pmplifier is brought under standard measuring conditions, the common input terminal

being-connected-toearth (see Figure 4-b).

a)

b)

c)

The input voltage U, is measured by means of a voltmeter, the input impedance of which
is high compared with that of the amplifier.

The amplifier is then substituted by a calibrated variable resistor, which is adjusted so that
the voltmeter again reads U,. The value of the variable resistor is then equal to the
modulus of the input impedance of the amplifier at the standard reference frequency.

The measurement may be repeated at other signal frequencies, preferably standard one-
third octave band centre frequencies (see IEC 60268-1).

15.5.2.2.4 Measurement of input impedance using a bridge

The amplifier is brought under standard measuring conditions.
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a)

b)

a)

15.5fzn—wmmmnﬂmmmmme
mplifier is brought under standard measuring conditions.

The

The signal source is then replaced by the 'unknown' terminals of a suitable audio-
frequency bridge. It is essential to ensure that the amplifier is not overloaded by the signal
from the bridge.

NOTE 1 A suitable bridge has means for adjusting the voltage across the 'unknown' terminals (usually by
adjusting the input voltage to the bridge network).

NOTE 2 For a balanced input, a high-quality unity-ratio transformer can be included between the bridge and
the input terminals of the amplifier, or a battery-operated bridge could be used.

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

The gain-limited effective frequency range is then measured (see 15.11.2),

The measurement is repeated with a known value of source resistance, at'least 10 {imes
the rated input impedance, the source e.m.f. being increased to restore_the output voltage
tq 10 dB below the rated value. The new value of source e.m.f. is noted.

The input impedance at any frequency can be calculated, using(simple circuit theory,|from
the ratios of the source e.m.f.s and the ratios of the gains measured in steps a) and|b), if
the ratio of the gains is sufficiently large to give the required.accuracy.

Apprpximate values can be calculated from the limit frequéncies of the gain-limited effgctive

frequency range determined in step b).

NOTE|1 At high frequencies, the input impedance can usually be represented quite accurately by the pprallel
combipation of a resistor and a capacitor. At low frequencies, the input impedance might behave as a pprallel

combipation 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 gource
resistdnce and that the resistive component of thelinput impedance is substantially independent of frequercy. In

some fases, one or both of these assumptions.might not be justified.

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

The ¢.m.f. stated by the manufacturer in the specification, which, when connected to the finput
terminals in series with thé rated source impedance, gives rated distortion-limited output

voltape across the rated Joad impedance at a specified, appropriate setting of the controlg.

15.54 Minimum source e.m.f. for rated distortion-limited output voltage

15.5/4.1 Characteristic to be specified

The .m.f..which, when connected to the input terminals in series with the rated squrce
impefdancej gives rated distortion-limited output voltage across the rated load impedanceg with
the olume control(s), if any, set for maximum gain and the tone control(s), if any, set as

specifiedforratedcomnditions:

If a volume control is provided, the rated source e.m.f. should obviously be equal to or greater
than the minimum source e.m.f. for rated output voltage. If there is no volume control, the
rated source e.m.f. is equal to the rated value of minimum source e.m.f. for rated output
voltage.

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

15.5.4.2 Method of measurement

The amplifier is brought under rated conditions.

a)

The output voltage U, is measured.
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b) The volume control is adjusted for maximum gain and the source e.m.f. is readjusted to
restore the initial output voltage.

c) The minimum source e.m.f. Eg is then measured.
15.6 Output characteristics
15.6.1 Rated load impedance, characteristic to be specified

The impedance, stated by the manufacturer in the specification and preferably marked on the
equipment, to which the output terminals shall be connected for measuring purposes.

Unle§s otherwise specified by the manufacturer, the raied load impedance shall be assymed
to bela constant pure resistance.

More| than one value of rated impedance may be specified. The corresponding valugs of
outpdit voltage or power and rated total harmonic distortion shall be specified(with each rated
valug 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

A rapge of values may be specified, provided the above data is given for the highes{ 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 gmplifier shall meet the“relevant electrical safety requirements (normally those spegified
in IEC 60065) for each valueof rated load impedance.

15.6.2 Output source impedance
15.6.2.1 Characteristic to be specified

The [nternallimpedance measured between the output terminals under specified condifions.
The manufacturer shall state the rated value in the specification.

15.6.2:2— NMethod of measurement

The amplifier is brought under standard measuring conditions. Then the source e.m.f. is
reduced to zero and the rated load impedance is disconnected.

a) A sinusoidal current source of internal impedance at least 10 times the expected value of
the output source impedance is connected, in series with an ammeter, to the output
terminals of the amplifier. A voltmeter is also connected to the output terminals. The
current is then adjusted to the value which would flow through the output terminals under
standard measuring conditions.

b) The value of this current may be calculated as the current which would produce a voltage
level of =10 dB referred to the rated (distortion-limited) output voltage across the rated
load impedance.

c) The voltage across the output terminals U, is then measured.
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d) The measurement may be repeated at other signal frequencies.
e) The output source impedance is then calculated according to the following formula:

NOTE 1 The current source can consist of an audio power amplifier with a suitable resistor in series with its
output terminals. The amplifier is supplied with a sinusoidal signal from an oscillator. The ammeter can consist of a
low-value resistor (for example 0,1 Q) in series with the output terminals of the current source, the voltage across
the resistor being measured with a sensitive voltmeter.

NOTE 2 The output source impedance of an amplifier is in general not a pure resistance, but for many purposes it
is suffici i

Output voltage and power (distortion-limited)
.1 Characteristics to be specified
ollowing characteristics shall be specified:

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

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

P2 = U22/R2

here

b is the distortion-limited output power;
L, is the distortion-limited output voltage;
b is the rated load impedance.

O x ¢ v =

c) Diistortion-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,Cor another stated value of total harmonic distortidn, is
pfoduced.

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 loudspeakgér,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.

Thesge characteristics may be expressed directly in volts or watts respectively, or mgy be
exprTssed in decibels, preferably referred to 1 V or 1 W; the reference level shall be statgd.

If the characteristic is specified at a single frequency, that frequency shall be the standard
reference frequency (see 4.1.2).

Rated values for some or all of the above characteristics shall be stated by the manufacturer
in the specification, and preferably marked on the equipment, for each rated value of load
impedance.

Where no confusion can arise between these characteristics and those specified according to
15.7.2, the words "distortion-limited" may be omitted, but it is preferable to retain them.

NOTE |If the d.c. supply to the amplifier output stage is not stabilized the supply voltage decreases as the source
e.m.f. is increased. Some amplifiers are designed and set up in such a way that under continuous signal conditions
the output waveform is unsymmetrically limited due to this decrease in supply voltage. When amplifying speech
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and music signals, the decrease in supply voltage might be much less, so that symmetrical limiting occurs, with
consequent reduction in even-harmonic distortion.

15.6.3.2 Method of measurement

The amplifier is brought under rated conditions, using the appropriate load impedance and a
suitable harmonic distortion measuring device connected at the output terminals (see 15.12).

a)

b)

c)

d)

15.64 Maximum effective output)power (distortion-limited at 10 %)
15.6.4.1 Characteristics tobe specified

The following characteristics shall be specified:

The amplifier is operated under these conditions during a period exceeding 60 s. Then the
source e.m.f. is readjusted, if necessary, so that rated total harmonic distortion is
produced.

is—meas eck—this—vroltage—is—stated—as—the{distertion-tmitech—output
output power is calculated according to the formula in

or multi-channel amplifiers measured by one channel driven independently;the number
of operated channel conditions should be stated by the manufacturer in _the specification.
he measurements may, in addition, be repeated with only one channel driven| For
ulti-channel amplifiers operated by several channels simultaneously, the measurements
shall be made on each channel in turn, while all other channels continue to operate uynder
rated conditions. Small changes in output voltage and/or distortioh| of these other channels
due to temperature effects during the measuring period shall be-neglected.

he measurements may be repeated at other frequencies‘and for other rated valugs of
bad impedance and with complex load impedance (seejdlso 15.11.3.1 and 15.12]4.1).
he measurements may also be repeated for other (values of total harmonic distgrtion
such as those specified in other IEC standards. The measurements may, in additioh, be
repeated with only one channel driven.

he (distortion-limited) output voltage or pewer shall be stated for each channel
parately, together with the signal frequeney] the rated total harmonic distortion ang the
ppropriate rated load impedance.

S
a

NIOTE Multi-channel amplifiers can be specified with any number of channels driven, or all channelg. See
Ahnex B.

The r.m.s. voltage; measured across the rated load-impedance, at which the |total
hhrmonic distogrtion at 10 % is produced.

Maximumeffective output power. The power produced in the rated load impedance by the
d|stortienslimited at 10 % output voltage:

Pr) = U,)Z/R,)

where

P, is the maximum effective output power;

U, is the total harmonic distortion at 10 % output voltage;

R, is the rated load impedance.

Distortion-limited at 10 % output voltage with complex (that is, partially or wholly reactive)

load impedance. The voltage, measured across a stated complex load impedance, at
which total harmonic distortion at 10 %, 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.
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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 characteristics are expressed directly in watts.

If the characteristic is specified at a single frequency, that frequency shall be the standard
reference frequency (see 4.1.2).

The values of maximum effective output power shall be shown it by maximum effective output

power(MEQR)
3

NOTE| Maximum effective output power is not same as “rated output power”, “distortion-limited” a \vhont-term
maximjum output voltage and power”, the values need to be clarified by this measurement methodCbl. . P =100 W

(MEOP) N

Q

15.6.4.2 Method of measurement

The gmplifier is brought under rated conditions, using the appropriat d |mpedance nd a
suitaple harmonic distortion measuring device connected at the out% rminals (see 15.12).

a) The amplifier is brought under the total harmonic distortio 10 % output voltage |after
cpol down. The amplifier is operated under these conditiQF?during a measurable period.
hen the source e.m.f. is readjusted, if necessary, so td{ét he total harmonic distortipn at

D % is produced. @)

b) The output voltage U, is measured; this voltage i ted as the output voltage of the|total
hrmonic distortion at 10 %. The total har ic distortion at 10 % output power is

blculated according to the formula in 15.6.3.6 ).

operated channel conditions should ke 'stated by the manufacturer in the specificI]tion.
he measurements may, in addition, repeated with only one channel driven. For multi-
hannel amplifiers operated by se | channels simultaneously, the measurements [shall
e made on each channel in tur hile all other channels continue to operate under fated
bnditions. Small changes in dlsg?)ut voltage and/or distortion of these other channelg due
tq temperature effects duer) e measuring period shall be neglected.

T
1
T
h
c
c) Fpr multi-channel amplifiers measured bycane channel driven independently, the number
o]
T
c
b
c

N
d) Inj case of stereo amphﬂ{; the 2-channel amplifiers shall drive both channels at the $ame
time. Maximum effective output power of stereo amplifiers shall be shown the values|by 2
channels driven.

e) The measurem@ may be repeated at other frequencies and for other rated valugs of
Igqad impeda and with complex load impedance (see also 15.11.3.1 and 15.12.4.1)| The
nleasurem may also be repeated for other values of total harmonic distortion su¢h as
those s ied in other IEC standards. The measurements may, in addition, be repgated
wlith %One channel driven.

fy T wer shall be stated for each channel separately, together with the signal frequg¢ncy,
tlf C I.Utdi iIdIIIIUII;b diatwtiuu dt 10% dlluI “IC dpplUplidtC Idtdd iuau' ;III[JCUIGIIL;U.

g) In case of the maximum total harmonic distortion under the 10 %, the maximum effective
output power may use the maximum total harmonic distortion on the amplifier.

NOTE 1 Multi-channel amplifiers can be specified with any number of channels driven, or all channels. See
Annex B.

NOTE 2 Maximum effective output power (distortion-limited at 10 %) is specified by JEITA CP-1301A [2].
15.6.5 Regulation
15.6.5.1 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 impedance is
disconnected, the source e.m.f. remaining constant.
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The manufacturer may optionally state the rated value in the specification.

15.6.

5.2 Method of measurement

The amplifier is brought under standard measuring conditions.

a) T

he output voltage U, is measured.

2018

b) The load is disconnected, the source e.m.f. remaining constant, and the output voltage U>'
is measured.

c) T

he regulation is:

The 1

NOTE
the po

15.6.
15.6.

The

cond
when
volta

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

15.7

6.2 Method of measurement

Up'-U>z
U2

x 100 %

egulation level is 20 Ig (U,'/U5)

The regulation and output source impedance might or might not be interrelated; dépending on the deg
wer supply circuit.

6 Overload restoring time
6.1 Characteristic to be specified

time interval (which occurs after the amplifier/ working under standard meas
tions is overloaded by a certain amount for a{specified period) between the mo
the input voltage is restored to its original‘value and the moment when the o
he has again reached its original value withinispecified limits (see Figure 5).

he amplifier is brought under standard measuring conditions.

he source e.m.f. is increased by 20 dB during a time interval of less than one-qU
eriod of the input signaland kept at this value for approximately 1 s.

he source e.m.f. is then reduced to its initial value during a time interval of less than
Larter period of thé&tinput signal.

he time that passes before both the positive and the negative output peak voltages
ached their.final value, within 1 dB unless otherwise specified, is measured by mea
suitable calibrated oscilloscope.

Limiting characteristics

ign of

uring
ment
utput

arter
one-

have
ns of

15.7.

1\ “Overload source e.m.f.

15.7.

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.

15.7.

1.2 Method of measurement

The amplifier is brought under rated conditions.

a) A distortion meter is connected at the output terminals.
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b) The volume control is adjusted to obtain an output voltage U, of —10 dB referred to the
rated output voltage.

c) 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

(0]

btained.

d) The source e.m.f. Eg is measured.

15.7.

NOTE

15.7.

2 Short-term maximum output voltage and power

See also the related clauses in IEC 60268-5 [3] and IEC 61938.

2 -—Characteristic to be specified

The maximum voltage or the corresponding power which the amplifier is capable of prod

acros
appli
It is 1
IMPC
It is

amp
exce

15.7.

The
conn

a) T
tq

—

b

NOTE
more

s, or dissipating in the rated load resistance (regardless of non-linearity)cl, s afte

cation of a specified short tone-burst signal. Each channel is operated independently.

ecommended that the manufacturer state the rated value in the specification.
)RTANT
fundamental to the concept of this characteristic that; for all samples of a ¢

icing
r the

iven

ifier, the measured value of short-term maximum output'voltage or power shall not

d the value stated by the manufacturer.

2.2 Method of measurement

amplifier is brought under rated conditions with a true r.m.s.-responding level rec
ected to the output terminals.

he source e.m.f. is then applied to the.amplifier under test in the form of a sinug
ne burst of 1 s duration and the output voltage U, of the amplifier at the time 1 s

fhe start of the pulse is measured from the level recorder chart. The frequency of the

urst shall be 1 kHz unless otherwise stated.

A 1 s burst of the noise signal‘simulating normal programme material (see IEC 60268-1) can be {
onvenient.

b) T

c)

d) Ifthe test is/repeated, the repetition period of the signal pulses shall be 60 s or greategr.

he source e.m.f. is then increased until the measured output voltage U, reache
aximum.

he value U, is/then the short-term maximum output voltage and U,2/R, is the short
aximum output-power where R, is the rated load impedance.

15.72.3 ~“Values of load impedance to be used for the test

brder

oidal
from
tone

sed if

5 the

term

—

If thgl manhufacturer states a range of rated load impedances the tests shall be carried ouf

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.

15.7.

NOTE

3 Long-term maximum output voltage and power

See also the related clauses in IEC 60268-5 [3] and IEC 61938.
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15.7.3.1 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.

IMPORTANT

It is
amplifier the measured value of long-term maximum output voltage or power shall not
exceped the value stated by the manufacturer.

15.7.3.2 Method of measurement

The amplifier is brought under rated conditions with a true r.m.s. voltmetér, Connected tp the
outpdit terminals of the apparatus.

a) The signal source is replaced by a source of the simulated\programme signal |(see
IEC 60268-1) whose e.m.f. is at least 10 times the rated source.e.m.f. of the amplifier

b) The output voltage U, is measured 1 min after the application of the signal.

c) The value U, is then the long-term maximum output yoltage and U22/R2 is the longtterm
aximum output power where R, is the rated load impedance.

d) Tlhe signal should be applied for a period no longerthan that required for the test.
15.73.3 Value of load impedance to be used for the test

If thel manufacturer states a range of rated Ioad impedances the tests shall be carried ou{ with
the vialue of load impedance giving the highest value of long-term maximum output power, or
long-term maximum output voltage. If(the manufacturer does not state a rated longjterm
output voltage, the value shall be measured with a load impedance of 16 Q, for hous¢hold
equipment and the like, rated in terms of the voltage or power delivered to a specified|load
impefdance or range of load impedances.

If thel manufacturer specifies the amplifier in terms of the power delivered at a specified output
voltapge, (such as 100 V.or 70 V, for 'voltage line operation'), the long-term maximum output
voltage shall be measured with no load.

15.7./3.4 Protective devices

Protgctive «devices within the amplifier may operate during the test, for example due to| high
tempgrature. If a non-self-resetting device operates, the value of output voltage or output
powdrimeasured immediately before the operation of the device shall be taken as the reslt.

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.

15.7.4 Temperature-limited output power
15.7.4.1 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.
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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.

The rated temperature-limited output power may be less than the rated distortion-limited
output power, because in Class AB, B, or D amplifiers, the active devices operating in these
modes reach their maximum temperatures at output powers considerably less than the rated
output power, and the temperature maxima of several devices may be reached at different
output powers. Furthermore, where the d.c. supply to a stage is not stabilized, it is possible
for temperature maxima of different values to occur at two values of output power.

Amplifiers for which this is the case are satisfactory for amplifying normal speech and\music
signdls because of the amplitude/time characteristics of these signals (see 15.12.3.1;5 Nofe 1).

15.74.2 Method of measurement

Provisional tests at different output powers shall be made to determine the,components which
are llkely to reach their limiting temperature. Appropriate thermometers_are mounted op the
components selected according to these provisional tests.

a) The amplifier, mounted in a specified way, is then brought{under standard measpring
cpnditions except that the power supply voltage is adjusted(to the upper limit of toleffance
of the rated power supply voltage for which the amplifier{s set (see 15.2). The ampient
gamperature shall be measured.

—

b) The source e.m.f. is adjusted in steps to increase the’ output voltage U,, waiting after [each
step until the thermometer readings have becomg practically constant. This procedyre is
maintained until at a certain output voltage Uy'“one of the components reaches its| limit

emperature.

—

c) The temperature limited output power is U2'2/R2, where R, is the rated load impedancg.

The amplifier shall have worked continuously for at least 4 h under the conditions spegified
before final temperature readings are_ made.

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

15.8 | Characteristics of protection circuits
15.8/1 General

Protgction circuitstin‘amplifiers may be classified as follows:

a) pfotectionagainst excessive load current, or potentially damaging combinations of|load
vpltage=and current;
b) protection against the presence of d.c. voltage between the load terminals (d.c. ¢ffset

ptatection);

c) protection against potentially damaging input signals (for example, excessive amplitude at
high frequencies).

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
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an offset voltage may produce a d.c. load current which impairs the performance of the
loudspeakers used with the amplifier, and may result in damage to them. A different
compromise may result in a protection circuit which does not respond quickly enough to
prevent damage to the components of the load. For the above reasons, the characteristics of
d.c. offset protection circuits should be included in amplifier specifications. At present, no
methods of measurement of these characteristics are known that can be made without access
to the internal circuits of the amplifier. Subclause 15.8.3 therefore gives methods which
should be used only by the manufacturer, and consequently the names of the characteristics
include the word 'rated'.

15.8.2 Protection against potentially damaging combinations of output voltage
[—_and current

15.8.2.1 Characteristic to be specified

The putput current/output voltage characteristic of the amplifier, measured. tsing the| test
signgl and method described in 15.8.2.2 and 15.8.2.3 and presented graphically, with output
voltape as abscissa and output current as ordinate.

If thg amplifier does not incorporate protection circuits of the relevant type, the applicatipn of
the t¢st described below can cause damage.

The manufacturer is recommended to present these data in the specification.

15.8.2.2 Test signal and load network

The fest signal consists of a sinusoidal signal whose frequency is 20 Hz, to which is added
positlve and negative pulses of 50 us durationc,and 500 Hz repetition rate. The amplituge of
the 20 Hz signal is chosen to drive the amplifier to its voltage clipping limits, whil¢ the
ampljtude of the pulses takes the amplifier alternately into its current-overload limits. A dircuit
for g¢nerating the test signal is given in the bibliography [4].

NOTE| For amplifiers having a restricted effective frequency range, other suitable test frequencies can be dhosen
and stated with the results.

The load network, for amplifiers-designed to feed low-impedance loudspeakers, consisty of a
40 uf capacitor, in series with a 1 Q resistor. For other amplifiers, the values may be scaled.
The 40 puF capacitor limits the current due to the 20 Hz signal to a low value, whereas far the
shorf] pulses the effective load impedance is of the order of 1 3, and a high output currgnt is
produiiced.

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

15.8.27

a) The amplifier is brought under standard measuring conditions and the test circuit
configuration is then changed to that shown in Figure 6a.

nt

b) 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).

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

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

e) Apply the pulse signal in addition, for as short a time as is necessary to record the display
(for example, photographically). The input e.m.f. shall be adjusted so that hard
current-limiting occurs, as shown by the display.


https://iecnorm.com/api/?name=492cb2af148b9aff58b4068f01a1deff

IEC 60268-3:2018 RLV © IEC 2018 - 29 -

f)

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

15.8.2.4 Presentation of results

The results are presented graphically, using scales of 20 V/div for the abscissa and 5 A/div for
the ordinate. Other stated scales may be used if necessary. An example is given in Figure 6b.

NOTE Presentation as line-drawing might be preferable to direct reproduction of a photograph.

15.8.3 Characteristics of d.c. offset protection circuits

NOTE These characteristics do not apply to amplifiers with only capacitive coupling to the load terminals.

15.8.3.1 Characteristics to be specified

The following characteristics should be specified:

a)

b)

c)

d)

rated maximum offset voltage at the load terminals, stated by the manufacturer in the
specification, that does not operate the protection circuit;

—

ated response time of the protection circuit, optionally stated by the manufacturer ip the
pecification, to an offset voltage of 30 % of the highest d.c. supply,voltage (see item|d) of
5.8.3.2.1) of the amplifier output stage;

-0

gted maximum residual d.c. voltage, optionally stated \by the manufacturer il the
specification, across the load terminals when the protectionCircuit is operating, or

-

rated maximum percentage of the rated output ‘power, optionally stated by| the
manufacturer in the specification, represented by thetrated maximum residual d.c. vollage.

If thg values are different, depending on the presence or absence of a signal, or of different
polarjties of offset voltage, the higher value, and'the corresponding signal condition aphd/or

polarfty of the offset voltage, shall be stated.

15.83.2 Methods of measurement

15.8.3.2.1 Methods of measurement for amplifiers which continuously sense

The procedure is as follows:

a)

b)

c)

d)

the d.c. offset condition

he amplifier is brought under standard measuring conditions, and the input dignal
flequency is then }changed to 20 Hz. A d.c. oscilloscope and a d.c. voltmeten are
cpnnected to the_load terminals.

he d.c. balance of the amplifier is then slowly changed, by a suitable method wWhich
depends jon the detailed design of the circuit and cannot be standardized, and the
aximum feading on the d.c. voltmeter, before the protection circuit operates, is npted.
his is the maximum offset voltage that does not operate the protection circuit.

he.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.

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.

Items b) and c) are repeated with the input source e.m.f. reduced to zero.
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e measurements are then repeated with d.c. offsets of the opposite polarity.

3.2.2 Methods of measurement for amplifiers which intermittently sense
the d.c. offset condition

2018

The same procedure as in 15.8.3.2.1 is followed, except that the test described in items a) to
c) is only carried out with the input source e.m.f. set at zero. The measurements in items b)
and c) shall be made after the protection circuit has operated several times, for example, after
60 s. A calibrated storage oscilloscope or equivalent is useful for observing the variation of
the offset voltage and measuring its values.

In or
out f
decid

15.9

15.9.

Clipp
sign3
peak
clipp

The
oper
the o
subjs
clipp
there
than

However, sound system amplifiers, may be called upon to reproduce tone signals

com
shou
clipp
in lo
accid
level

and the time-period.is specified in some of these subclauses. These measurements ha

be c4

Anot
(distq

er to investigate fully the operation of the protection circuit, it may be necessary to
Lrther tests, simulating component failures. The nature of the necessary tests m3
ed by examining the circuit diagram of the amplifier.

Sustaining-time for rated (distortion-limited) output voltage or powen
1 General

ing level is the level, expressed in decibels referred to a stated [reference, of the o
| of an amplifier, above which the total harmonic distortion(rises rapidly. Normally
5 of the waveform of a sinusoidal signal, displayed on an oscilloscope, become v
bd at this level.

ted with an uncompressed speech or music signa) input, whose level is adjusted sd
utput signal is just clipped on peaks, but not sdfficiently to cause serious impairms
ctive sound quality, the average output signal level is approximately 10 dB beloy
ng level. For the amplification of uncompressed speech and music signals therg
is no need for the amplifier to be ahle\to reproduce signals at clipping level for
a few tens of milliseconds.

ressed speech and music signals. While, in a well-designed system, these si
d not greatly increase the ime for which the amplifier may have to reproduce signe
ng level (because this would involve loss of sound quality and increased heat-dissip|

ent, for example, «if'a microphone is dropped. The amplifier also has to produce
signals during measurements according to this document (see 15.6.3, 15.7.2 and 1§

rried out in<order to produce a properly complete specification for the amplifier.

ner consideration is that the relationship between clipping level and the level of the

anot

er{_because the rated output power or voltage is decided by the manufacturer, t

carry
y be

utput
, the
sibly

mplitude/time characteristics of speech and music_signals are such that if an amplifier is

that
nt of
v the
fore,
more

and
jnals
Is at
ation

Idspeakers), some increase is bound to occur, and high-level signals may occlr by

high-
.7.3),
ve to

rated

rtiof-limited) output power or voltage varies very greatly from one type of amplifier to

bking

many factorsmtoaccount—See Table
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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
valugdoes ot thramgethe reasommg:

It should be noted that the above three specifications relate to the same amplifier. The fated

outpyit voltage or power is thus NOT a reliable guide to the true output capabilities

f an

amplifier, which is why additional characteristics have been standardized in 15.7.2 and 15.7.3.

A funther consideration is that operation for an extended period at an)output level near the

clipp[ng level is likely to result in overheating; the heating effect is.much less with speech

and

musig signals, and results in the concept of temperature-limited. output power (see 15.7{4). It
should be noted that, for most amplifier designs, it is the power/supply components, nat the
outpyit stage devices, which overheat under high output power’conditions. Protection against

over4{heating may be provided

y automatic means which attenuate the inputisignal, thus allowing the amplifier to
bntinue working more or less normally, or

y automatic means which disconnect the load; thus preventing the amplifier from working
prmally but allowing it to continue to_woerk normally when the high-level output |s no
nger demanded, or

50 O T

S o

y the operation of fuses or cut-outsgpwhich require an operator to replace or reset.

In applications such as sound systems for emergency purposes, it is essential thaj the
amplffier continues to work normally under all possible conditions. It is therefore justifigd, in
such|cases, to require the timefor which the amplifier can produce high-level output signals to

be s
norm

ecified. It is not essential for this time to be specified if the amplifier is required fgr the
| reproduction of speech and music signals, especially in the context of household high-

fidelitfy systems, where,5in"a properly designed and adjusted system, the amplifier should not

be difiven near, or intoy-Clipping even for brief periods.

15.9.2 Characteristic to be specified

The fime for-which the amplifier can produce rated distortion-limited output voltage or power.

The fated value shall be stated by the manufacturer in the specification

15.9.3 Method of measurement

WARNING: Some amplifiers may be seriously damaged by this test.

a)

b)

c)

The method described in 15.6.3.2 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.

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.

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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15.10 Gain
15.10.1 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. of the source \is|taken
into agcount.

15.11.2 Maximum e.m.f. gain
15.10.2.1 Characteristic to be specified

The g£.m.f. gain measured with the volume control set at the position_for’ maximum gain and
the gource e.m.f. being set so as to restore the output voltagecfor standard measpring
condjtions.

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

15.10.2.2 Method of measurement

The amplifier is brought under standard measuring ¢enditions.

a) The volume control is readjusted to the position for maximum gain and the source ¢.m.f.
decreased to restore the initial output voltage for standard measuring conditions.

b) The output voltage U, is measured.

c) The source e.m.f. E  is measured.

d) The maximum e.m.f. gain is expressed, either as a ratio U,/E4 or in decibels 20 Ig U/E;.

15.10.3 Attenuation characteristic of the volume control
15.10.3.1 Characteristic to be specified

The attenuation of the_volume control, expressed in decibels, as a function of the mechgnical
positjon of the control (for example, angle of rotation from a specified position).| The
characteristic may-be expressed graphically.

It shpuld_be»taken into account that the attenuation characteristic may be a function of
frequency,/either intentionally, as in a 'loudness control' (physiologically-compensated|gain
Noor otherwise. If there is more than one volume control, the characteristic of |each
control should be specified.

NOTE 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 can also be specified by the manufacturer.

The manufacturer may optionally present these data in the specification.

15.10.3.2 Method of measurement

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

a) The output voltage U, is measured.
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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.

The ratio of the output voltage at maximum gain U, to the output voltage measured at
each step U,' is, expressed in decibels, 20 Ig (U,/Us'").

These ratios are presented as a tabulation or graphically as a function of the position of
the volume control.

This measurement may be repeated at other frequencies (see note).

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

allo

NOT

respolse at various settings of the volume control or 'loudness control'.
15.10.4 Attenuation characteristic of balance controls for multi-channelequipment

15.10.4.1 Characteristic to be specified

The
pos

The

15.10.4.2 Method of measurement

The

m.f.

E| The results obtained in item e) of this method can also be used to present graphs of gaih-frequency

ttenuation of the balance control, expressed in decibels, as afunction of the mechgnical
itlon of the control (for example, angle of rotation from a given datum).

manufacturer may optionally present these data in the specification.

amplifier is brought under standard measuring conditions, with the balance cgntrol

adjugted to produce maximum gain in the channel first to be measured, the source ¢.m.f.
being applied only to this channel. It may be necessary to reduce the source e.m.f. to pr¢vent

the

rated output voltage or power being exceeded.

a) Tlhe output voltage U, is measured.

b) The balance control is then adjusted in successive steps; after each step, the positipn of
the balance control is noted and-the output voltage U,' measured.

c) The ratio of the output voltage at maximum gain U, to the output voltage measured at
epch step U,' is, expressed in decibels, 20 Ig (U,/Us'").

d) Tlhese ratios are presented graphically as a function of position of the balance control

e) Tlhe measurement'is repeated for other channel(s) controlled by the balance control being

easured.

f) he measurement may be repeated at other frequencies.

NOTE| It is-usual to plot the characteristic of all channels controlled by the same balance control on the|[same

graph

15.1 esponse

15.11.1 Gain-frequency response

15.11.1.1 Characteristic to be specified

Variation, as a function of frequency, of the e.m.f. gain (ratio of the output voltage to the

sou

rce e.m.f.), expressed in decibels, relative to its value at a specified reference frequency

(normally the standard reference frequency).

Itis

recommended that the manufacturer state the rated value in the specification.
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15.11.1.2 Method of measurement

2018

The amplifier is brought under standard measuring conditions, with the source at the specified

freq

a)
b)

c)

d)

uency.

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

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.

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,).

Tk rati P B riad-aranbicallhiaa—a-fianaticon f fraoianaon,
e ST TatUS arc proscrmocuygraproalirTy - as o rarnmotoTT oOT ImToYyucTT

oy~

15.11.1.3 Equalizing amplifiers

The
sha
freq

The
equ
stat

NOT
volta

frequency response of an equalizing amplifier with specified equalizing eharacter
[Il|lbe measured by the method described in 15.11.1.2, adjusting the source)e.m.f. at
uency in accordance with the inverse of the specified equalizing charagteristic.

source impedance shall represent the impedance of the transducer for which
alizing amplifier is intended, over the effective frequency range.\This impedance shg
efd with the results (if possible in the form of an equivalent cjrcuit).

E| IEC 60098 [5] specifies a relationship between the recorded %elocity on a disk record and the
ge of the amplifier. Unless otherwise specified, it is usual to compare the response of the amplifier itse

this specified relationship (thus assuming a transducer having an ideal frequency response).

If th

freq

ency characteristic of a particular transducer, this should be stated by the manufacty

15.11.2 Gain-limited effective frequency.range

15.11.2.1 Characteristic to be specified

The

frequency range within which.the deviations from the required frequency response {

standard measuring conditions da.not exceed stated limits.

The

manufacturer is recommended to state the rated value in the specification.

15.11.2.2 Method of measurement

The
und

effective frequency range is obtained from the graph prepared according to 15.
er standarddmeasuring conditions.

15.11.3, Distortion-limited effective frequency range

stics
each

the
Il be

putput
f with

response of an equalizing amplifier is designed to compensate deficiencies in the

rer.

nder

15.113-1+—C€haracteristic-to-be-specified

The frequency range within which the output power or voltage obtained at rated total harmonic
distortion exceeds a specified fraction of the rated value.

Unless otherwise stated, the specified fraction shall be one-half in terms of power, or -3 dB
when expressed in decibels.

It is

NOT

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

E The deprecated term "power bandwidth" is often used for this characteristic.
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15.11.3.2 Method of measurement

The distortion-limited effective frequency range may be determined from the distortion-
frequency curves prepared according to 15.12.4.1.

15.11.4 Phase-frequency response
15.11.4.1 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 llnanufacturer may optionally present these data in the specification.

Instepd of the phase-frequency response, the time delay may be given as, a)function of
frequency.

15.11.4.2 Method of measurement
The @amplifier is brought under standard measuring conditions.

a) phase difference meter is connected to the source and the output terminals, pfoper

ccount being taken of the marking of the terminals.

A
a
b) The frequency of the source is varied continuously orcstep by step, the phase differflence
being measured at each frequency.
T

c) The phase difference Ag is expressed as a function of frequency, or as a time differepce

n microseconds, and presented as a graph:

r = (Apl360f) x 106
wlith Ap expressed in degrees (°).

NOTE| For equalizing amplifiers, see 15.1171,.3.

15.12 Amplitude non-linearity.

15.12.1 General

A general explanation of‘amplitude non-linearity can be found in IEC 60268-2.

15.12.2 Rated, total harmonic distortion, characteristic to be specified

The |value_wef-total harmonic distortion stated by the manufacturer in the specificatign or
specifiedcins an IEC standard, above which the performance of the amplifier is considered
unacceptable for the intended purpose.

NOTE Published research on distortion perception by the human ear suggests that the limiting value of distortion
for most purposes is in the order of 1 %. The overload restoring time is also significant; see 15.6.6.

15.12.3 Total harmonic distortion under standard measuring conditions
15.12.3.1 Characteristic to be specified

The total harmonic distortion, when the amplifier is working under standard measuring
conditions.

It is strongly recommended that the manufacturer state the rated value in the specification, for
the reasons given below.
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NOTE 1 In a properly designed system, the amplifier operates for most of the time with its output voltage in the
order of 10 dB below the rated distortion-limited output 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.

15.12.3.2 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 Towest Tevel of distortion o be measured.

OTE For greatest accuracy of measurement of the voltages, a true r.m.s. meter is best, bt for g total
hrmonic distortion of less than 10 %, the error of an average-responding meter scaled to read-r.m.s. values of
sinusoidal signal is small.

N
h
a

b) Alfilter, selectively attenuating the input signal frequency to a level 10 dB"below that gf the
d|stortion components, or a high-pass filter with similar attenuationCat-the input gignal
frequency and low known pass-band attenuation at the harmphic frequencies, is

bnnected at the output terminals.

c) The output voltage U,' (due to distortion) is measured and, if gecessary, corrected fqgr the

c
T
phss-band attenuation of the filter.
T
v

d) The source e.m.f. is reduced to zero and the output voltage U," is measured. Unlesg this

bltage is less than one-third of U,', the measurement-is being affected by noise ang the
results shall be discarded. In this case, the more time-consuming but robust measuregment
of the harmonic distortion of the nth order (see 15,42.5) shall be used.

e) The total harmonic distortion under standard measuring conditions can be determingd by
the formulae:

dtOt = (UZ'/UZ) x 100 %
ap a percentage, or.

Ld,tOt =20 |g (UZI/Uz)

n decibels (dB).
15.12.4 Total harmonicidistortion as a function of amplitude and frequency
15.12.4.1 Characteristic to be specified

The fotal harmenic distortion, determined for different frequencies and output voltages.

NOTE|1 If the-total harmonic distortion is measured at a frequency high enough for significant components |of the
harmanic,spectrum (see last paragraph of this 15.12.4.1) to be above the upper limit of the gain-limited effective
frequgncy/range (see 15.11.2), the measured value of total harmonic distortion is very likely (depending ¢n the
des|gr oftthe nmnllfmr\ to he mlqlnndlnnl\/ low. The hmhnr the order of the hmhnef :mmfmqnf harmaonic _thel lower

the fundamental frequency at which this effect becomes important.

Care is necessary to ensure that the frequencies of significant distortion components do not
fall above the upper frequency limit of the analyser.

NOTE 2 For example, if the upper limit of the gain-limited effective frequency range is 30 kHz, and the highest
significant harmonic is the fifth, the highest fundamental frequency for which a value of total harmonic distortion is
valid is (30/5) kHz, that is, 6 kHz. If the highest significant harmonic were the third, however, values of total
harmonic distortion could be stated for frequencies up to (30/3) kHz, that is, 10 kHz.

The manufacturer may optionally present these data in the specification.

Some amplifiers produce a spectrum of harmonics including small but measurable harmonics
of high orders. The highest frequency component of this spectrum, the amplitude of which is
significant, may in general be taken as the highest harmonic whose r.m.s. value (see 15.12.5)
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exceeds one-third of the total harmonic distortion at the same fundamental frequency. In
some cases a different criterion may be necessary, in which case it shall be stated.

15.12.4.2 Method of measurement

The procedure is as follows:

a)

The total harmonic distortion is determined as given in 15.12.3.2.

b) The measurements are then repeated at least at three other frequencies up to the limit
indicated in the notes of 15.12.4.1 and at other values of output voltage U, up to and

c)

15.12.5 Harmonic distortion of the nth order under standard measuring‘¢éonditions
15.12.5.1 Characteristic to be specified

The harmonic distortion under standard measuring conditions dug“to" the component o
outpdit signal of harmonic order n.

It is fecommended that the manufacturer state rated values. for this characteristic, at lea
valugs of n from 2 to 5, in the specification.

15.12.5.2 Method of measurement

The pmplifier is brought under standard measuring conditions and the output voltage
meagured.

b)

beyond the rated distortion-limited output voltage.

Tp ensure the accuracy of each measurement, it is essential to observe the precauti
ittm a), and repeat the test according to item d), of 15.12.3.2.

The results of the test are presented graphically.

A band-pass filter passing only the harmonic frequency to be measured is connect
e output terminals. The attenuatieft of the filter at the input signal frequency shall
lgast 10 dB greater than the ratio of the output voltage U, to the smallest harn
vpltage to be measured.

he level of the nth ordefsharmonic distortion in the source of signals shall be at
dB below the lowest level of distortion to be measured. As an alternative to meas
epch harmonic frequency in turn using bandpass filters or a wave analyser, a speq
analyser may be used to measure the amplitudes of several distortion componentg
the fundamental'simultaneously.

he output veltage U, ' of the filter is measured and corrected if necessary for the |
bpnd attenuation of the filter. Due to the narrow measuring bandwidth a true r.m.s. n
not essential for the measurement of U, '

he source e.m.f. is reduced to zero and the output voltage measured. Unless this vo

on in

f the

5t for

U2 is

ed to
be at
honic

least
uring
trum

and

hass-
neter

Itage
5e or

less than one-third of the voltage U, ,', the measurement is being affected by noi

spurious signals and the results shall be discarded.
The harmonic distortion of the nth order can be determined by the formulae:

dp, = (U ,'1Us) x 100 %
as a percentage, or:
Lyn=201g (d,/100)

in decibels (dB).
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15.12.6 Harmonic distortion of the nth order as a function of amplitude and frequency

15.12.6.1 Characteristic to be specified

The total harmonic distortion of the nth order under standard measuring conditions (see
15.12.5), determined for different frequencies and output voltages.

The manufacturer may optionally present these data in the specification.

NOTE

NOTE

1 This method is preferred when noise affects the wide-band method given in 15.12.4.

2 See last 'naragrq'nh of 1512 4.1

15.11

The procedure is as follows:

a) T
b) T
in
tH
c) T
it
d T
fd

n
e) T

15.11

15.11

The following characteristics should be specified:

a) M
W

.6.2 Method of measurement

he harmonic distortion of the nth order is determined as given in 15.12.5.2.

he measurements are then repeated, at least at three other frequencies up to the
dicated in the notes of 15.12.4.1, at other values of output voltage U, up to and be
e rated distortion-limited output voltage and at other values ofharmonic order.

p ensure the accuracy of each measurement it is essential/to repeat the test accordi
em d) of 15.12.5.2.

he total harmonic distortion under the given conditions can be determined by
rmulae:
.y 112
> U2
dmfﬁﬂ% %
Uz

5 a percentage, or:
Lahot = 20 1g (dyy/100)

decibels (dB).
he results of the test are presented graphically.

.7 Modulation distortion of the nth order (where n =2 or n = 3)

.7.1 Characteristics to be specified

odulation distortion of the second order
henf; and f, are the frequencies of two sinusoidal input signals of specified ampl

Id

limit
yond

ng to

the

itude

tio”the second-order modulation distortion is given by the ratio of the arithmetic s

m of

the output voltages at frequencies f, + f; and f, — f; to the output voltage at frequency f>.
b) Modulation distortion of the third order

When f1 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 f, + 2f; and f, — 2f; to the output voltage at frequency f>.

Unless a spectrum analyser is used, making it possible to make an immediate identification of
the various components of the output voltage, f; and f, should be chosen as follows: f, - 2f]
should preferably be higher in frequency than the highest significant harmonic of f;; if the
highest significant harmonic is the fifth, then £, should not exceed f5/8.

It is desirable to choose f; to be between 0,5 octave and 1,5 octaves above the lower limit of
the effective frequency range and f, to be between 0,5 octave to 1,5 octaves below the upper
limit of that range.
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If the amplifier to be measured includes equalization, the amplitude ratio shall be adjusted to
the specified value, preferably 4:1, at a point (usually either the input or 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 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.

It is recommended that the manufacturer present these data in the specification.

15.12.7.2 Method of measurement

The amplifier is brought under standard measuring conditions.

a) Ifis then connected to two sources with frequencies f; and f,, each via a switch gnd a
cries resistor of at least 10 times the rated source impedance of the amplifier to a shunt
sistor connected in parallel with the input terminals of the amplifier (see\Figure 7)| The
Ivmbined value of this shunt resistor in parallel with the series resistors shall be eqyal to
e rated source impedance of the amplifier.

b) Hach source is connected in turn by means of the switch. Theysource e.m.f. af the

frequency f; is adjusted to produce an output voltage U, ¢ of 12-dB below the rated output
vpltage and the source e.m.f. at f,, for an amplitude ratio_ofC4:1, to produce an output
vpltage U, s, 24 dB below the rated output voltage.

c) Both sources are then connected simultaneously and “a band-pass filter passing the
appropriate measuring frequency: f5, + f4, f5> = f4, for £2f; or f5 — 2f1 connected between
the output load resistor and the voltmeter. The attendation of the band-pass filters at pther
flequencies shall be sufficient to preserve the acCuracy of the measurement.

d) Tlhe selectively measured output voltage (U, »yp', €tc.) is measured and corrected fgr the
ppss-band attenuation of the filter and the measurements repeated for the other distgrtion
cpmponents, if required.

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

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

g) The modulation distortiop-of the second order can be determined by the formula:

_u 2, r2+1+tU 2, £2-11
U2

dm,z ><100 %

ap a percentage of the output voltage at frequency f>. Alternatively,

dm',Z = 5dm,2

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

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

U 2, r2+2r1tU ’2,f2-2f1
U2

x100 %

d m3

as a percentage of the output voltage at frequency f,. Alternatively,
dm',3 = 5dm,3

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

The results of the measurement should be presented graphically, as functions of frequency
and reference output voltage, or as single figures, preferably for standard measuring
conditions.
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Due to the presence of two incoherent signals in the amplifier, the peak-to-peak signal
amplitude is equal (apart from effects due to non-linearity) to the sum of the peak-to-peak
signal amplitudes of the two sinusoidal signals.

The reference output voltage for expressing the results is therefore chosen to be equal to the
sum of the output voltages due to the sinusoidal components.

For an amplitude ratio of 4:1 the reference output voltage is

15.12.8 Difference-frequency distortion of the nth order (where n =2 or n = 3)
15.12.8.1 Characteristic to be specified

The following characteristics should be specified:

a)

b)

15.12.8.2 Method of measurement

The @amplifier is brought under standard 'measuring conditions.

a)

b)

f)

g)

U2ref=Uz2,r21U2,r1=5U2 f2

Difference frequency distortion of the second order

When f; and f, are the frequencies of two equal amplitude sinusoidal signals, sepafated
by a specified frequency difference, the difference-frequency) distortion of the second
ofder is given by the ratio of the output voltage U, p, -~ 1) at frequency f, — f; t¢ the
gference voltage U, 1, Which is equal to twice the outpuf Voltage Uz -

—

Diifference frequency distortion of the third order

With signals as under item a), the difference-fréquency distortion of the third-order is
glven by the ratio of the arithmetic sum of the_output voltages at frequencies 2f, — f1 and
2fy - f, to the reference voltage U, ¢ Which is;equal to twice the output voltage U, .

tlis recommended that the manufacturer present these data in the specification.

t| is then connected to two'sources with frequencies f; and f, each via a switch gnd a
series resistor of at least 10-times the rated source impedance of the amplifier to a shunt
gsistor connected in parallel with the input terminals of the amplifier (see Figure 7)| The
cpmbined value of this shunt resistor in parallel with the series resistors shall be eqyal to
the rated source impedance of the amplifier.

—

NIOTE 1 The series-and shunt resistors are intended to prevent intermodulation in the signal sources. Pther,
efiually effectivesmethods can be used.
The source frequencies f; and f, are adjusted to have a frequency difference of 8p Hz,
uhless there is a good reason to choose otherwise.
E
S

ach source is connected in turn by means of the switch and the source e.m.f.s of jeach
urce adjusted to produce an output voltage U, 4 Or Uy ey 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, 2f1 — fo 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
distortion components, if required.

NOTE 2 A spectrum analyser can be used to measure all the components simultaneously.

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.s to zero.

The difference frequency distortion of the second order can be determined by the formula:
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_vu ’2,f2- 71
U 2 ref

dd,2 ><100 %

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

Y é,2f2f1 U é,2f1- 2
U 2, ref

x100 %

da3

h) The measurements may be repeated for other values of source e.m.f. and other values of

mean measuring frequency f... Care should be taken with measurements at low
frequencies that the band-pass filter referred to in item d) has sufficient selectivity to
d|scriminate between the second and one of the third-order components which are tlose
tqgether in frequency.

i) Due to the presence of two incoherent signals in the amplifier, the peak-to=peak dignal
amplitude is twice that of either signal alone. The reference outputryeltage Uy ter is
therefore chosen as twice that measured at f,, s0 Up ot = 2U3 1.

j) The results of the measurement should be presented graphically, as functions of
frequency and reference output voltage, or as single figures,' preferably for standard
nmeasuring conditions.

k) In this method of measurement it has been assumed that the_required frequency resplonse
i§ flat. When measuring frequency-dependent circuits; for example pre-amplifiers
employing equalization, an appropriate counter-equalization at the input shall be usgd to
cfeate quasi-normal test signal spectral distributiontwithin the amplifier under test ahd at
its output.

In that case, the amplitude ratio shall be adjusted to the specified value, preferably 1}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
nmagnetic pick-up cartridge for analogue\disk records has a normal signal spectrum gt its
oltput whereas a recording amplifierifor a magnetic tape recorder has a normal gignal
spectrum at its input.

15.12.9 Dynamic intermodulation-distortion (DIM)
15.12.9.1 Characteristics tobe specified

The modulation distortioniarising when a particular input signal is used. The input signal is the
sum pf a sinusoidal signal of frequency f; and a low-pass filtered square wave of fundamiental
frequencyfq, where fq is less than both f; and the filter cut-off frequency f.. The peak-to{peak
amplltude ratio ofithe square wave signal to the sinusoidal signal is 4:1 and the dynamic
intermnodulation /distortion is then determined by the ratio of the r.m.s. sum of the optput
voltapes at the frequencies specified in Table 2 to the amplitude of the output voltage 4t the

frequency-fs.

The
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Table 2 — Distortion components due to dynamic intermodulation distortion falling
in the frequency range up to 20 kHz

Intermodulation components Frequency
Frequency Symbol for output voltage kHz
54 = /s Ug 0,75
Js = 44 U, 2,40
6/, — /s Ug 3,90
Js = 34 Ug 5,55
TTa—7Ts T, 7,05
1o - 21, U, 8,70
8y /s Uy 10,20
Js =g U, 11,85
%y —Js Uy 18,35

15.12.9.2 Method of measurement

The @amplifier is brought under standard measuring conditions,

a)

b)

c)

is then connected to two sources, one of sinusoidal\voltage and one of square-wave
vpltage, each via a switch and a series resistor of at least 10 times the rated soqurce
impedance of the amplifier to a shunt resistori jconnected in parallel with the [input
tgrminals of the amplifier (see Figure 7). The ‘combined value of this shunt resistor in
parallel with the series resistors shall be equal to the rated source impedance of the
amplifier.

The square-wave source shall be provided with a single-pole low-pass filter with a cpt-off
frequency f. of 30 kHz or 100 kHz (see‘Note 1).

—

OTE 1 The frequency f_ is normally 30~kHz, but a frequency of 100 kHz will increase the sensitivity [of the
ethod.

N

m

The even harmonic content©f the square-wave signal should not exceed 1 % of the yalue
of the fundamental.
T
fr

he sinusoidal source is adjusted to a frequency fs = 15 kHz, the square-wave sourcg to a
equency fq = 3,15.kHz and the input peak-to-peak voltage ratio of these signals tp 1:4
rgspectively. A typieal spectrum of this signal as obtained in practice is given in Figureg 8.

In this method of measurement it has been assumed that the required frequency response
i flat. When measuring frequency-dependent circuits, for example pre-amplifiers
employing_equalization, an appropriate counter-equalization at the input shall be usgd to
cfeate-quasi-normal test signal spectral distribution within the amplifier under test ahd at
ity Output. In that case, the amplitude ratio shall be adjusted to the specified value,
pteferably 4:1, at a point (usually the input or the output of the amplifier) where, wheh 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 2 The peak-to-peak voltage ratio 1:4 is equivalent to
— the ratio 1:5,66 between r.m.s. amplitudes,
— the ratio 1:11,3 between the r.m.s. value of the sinusoid and the peak-to-peak value of the square wave.

Measuring instruments specifically intended to perform this measurement ¢ use a square
wave, the frequency of which is up to 1 % higher than 3,15 kHz.

With both sources connected, the input source e.m.f.s are then increased until the peak-
to-peak input voltage corresponds to the peak-to-peak value of the rated distortion-limited
output voltage.
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d)

f)

g)

h)

15.12.10Total difference frequency distortion

15.12.10.1 Characteristic to be specified

A selective voltmeter or a spectrum analyser is connected to the output terminals. The
amplitudes of the sinusoidal signal Ug and of the intermodulation components Uy, Uy, ... U;
having frequencies mfg * nf, (m and n being integers) are measured; the relevant distortion
components are given in Table 2.

The meter shall attenuate by at least 80 dB the frequencies that are more than 750 Hz
away from the frequency of the component being measured.

NOTE 3 Output spectrum components, other than those specified above (such as any component of
frequency 2nfq), are not taken into account.

The levels of other residual components, including hum and noise, shall not exceed
-10 dB with respect to the component to be measured; this can be checked by reducing
tje source e.m.T.s {0 zero.

The dynamic intermodulation distortion can be determined by the formulae:

n1/2
(2?=1Ui2) [5)
dpM=——~—x 100 %
U2

ap a percentage, or: L,pm=20 Igdpm

r decibels (dB).

Further information on the dynamic performance of the amplifier may be determined|from
aflditional measurements for a number of output voltages in the range between zerq and
ated output voltage.

-

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

When f; and f, are frequencies\of two sinusoidal input signals, where f; = 2fy, fo = 3f] — 9,
o beipg the frequency offset,-the“distortion is given by the ratio of the r.m.s. sum of the output
voltagges Uj s 11" @and Uj g1y’ Of the in-band second-order and third-order intermodulation
prodiicts at the frequencies f; — 6 and f; + J to a reference output voltage, equal t¢ the

arithmetical sum of the~output voltages U, ¢ and U, , at the frequencies f; and f,.
The manufacturer.tmay optionally state the rated value in the specification.

15.12.10.2 Method of measurement

The Tmplifier is brought under standard measuring conditions.

a)

It is 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 7). 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.

The source frequencies are adjusted to frequencies f; and f, (see 15.12.10.1). Unless
there is a good reason to the contrary, f; = 8 kHz, f;, = 11,95 kHz. In this case f;, = f; =
f0_5=3950Hzand2f1 _f2=f0+5=4050HZ.

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,
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c)

d)

f)

g)

h)
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preferably 1:1, 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.

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, 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 or low-pass filter, passing
the frequencies f;= + J, normally being 4 kHz + 50 Hz connected to the output terminals.

The—attenuation—ofthe filter—at other freguencies—shall-be—sufficientto-—preserv the
| P

ccuracy of the measurement.

a
The output voltages Uj »_' and Uj 5" are measured and corrected for the(pass-pand
attenuation of the filter. A wave or spectrum analyser, or a selective voltmeéter, mgy be
used to measure all the output components; the manner in which the measuremgnt is
nlade is determined by the resolution bandwidth of the measuring equipment. Where
he bandwidth is less than 2 4, the individual distortion-component voltages Uj .| and
Up or1-p2' at frequencies f, + 6 are measured separately and summed_in an r.m.s. manpner.
Where the bandwidth is greater than 2 ¢, the two components cah-be measured toggther
using an r.m.s.-responding indicator. The use of an averagezresponding indicator might
glve an error of up to 1 dB, while a peak-responding indicator, might give an error of up to
3|dB.
N
o
c
T

—

oise and spurious signal voltages at the filter output shall not exceed one-third df the
itput voltage measured with the intermodulation, components present. This caph be
necked by disconnecting each source in turn.

he total difference frequency distortion can be.determined by the formulae:
2 2 1/2
(U3 2118 U3 2112/ .
dTDFD— X 100 /0
Uz 1T U2¢2

ap a percentage, or:

dTDFDj

=201
L4TDFD 9( 100

n decibels (dB).

Further information on the performance of the amplifier may be determined from addifional
neasurements\for a number of output voltages in the range between zero and rated output
vpltage anddor a number of stated frequencies (see 15.12.10.1). The frequency f, may be
nlade as\high as practicable within the gain-limited effective frequency range, but not
ekceeding 20 kHz, whichever is less.

T

heréesults of the tests are presented graphically or as values for specified frequencies
and output voltages. The reference outiput 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 f, used for the measurement shall be stated.

15.12.11Weighted total harmonic distortion

The characteristics given in 15.12.3, 15.12.4, 15.12.5 and 15.12.6 may also be measured and
presented as weighted values by including a weighting network complying with Appendix A of
IEC 60268-1:1985 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 IEC 60268-2:1987/AMD1:1991.

Because of the shape of the response of the weighting network, the measurements are valid
only for input signal frequencies between 31,5 Hz and 400 Hz.
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Rated total harmonic distortion (see 15.12.2) may also be presented as a weighted value.

In the presentation of results, it shall be made clear that a weighted value is being reported.

NOTE Weighted total harmonic distortion measurements are useful when the harmonic distortion consists of many
harmonics, all of similar low level relative to the total output voltage, such as are caused by crossover distortion. In
such a case, the results of weighted measurements correlate, better than those of unweighted measurements, with
subjective assessments of quality of reproduction (listening tests). Except in the above case, unweighted measurements
are preferred.

15.13 Noise

The

a) S
T

W
p
c

c

b)

c) Residual noise outpuiivoltage

15.11.1 Characteristic to be specified

ollowing characteristics are suitable for inclusion in specifications:

gnal-to-noise ratio

he ratio, expressed in decibels, of the rated output voltage to the wide-band,
eighted sum of the output voltages or the octave/third-octave band output volf
roduced by the different noise components, the amplifier being.tbrought under
bnditions and the source e.m.f. being then reduced to zero. The weighting curve an
naracteristics of the measuring instruments shall be as specified”in IEC 60268-1.

ven, where relevant. When this is done, it shall be explicitly stated.
it is justified to use a reference output voltage otherthan the rated output voltage

ated when reporting the results.
oise output voltage

he output voltage of an amplifier which iscdue to noise generated both within the am
hd within its rated source resistance: This voltage is measured at the output o
bpropriate filter or weighting networktaccording to IEC 60268-1.

OTE 1 For many purposes, it is the value of this noise output voltage which is significant rather tt]
tio to the rated distortion-limited output voltage.

so, the specification of noise output voltage (instead of signal-to-noise ratio) avoids conceptual diffi
hich arise when the noise pérformance is to be specified under measuring conditions where rated dist
mited output voltage cannot be obtained.

he noise output \voltage as defined in b) above but with the volume control set
inimum position.

quivalent.noise source e.m.f.

he e.m:f. of a source giving a sinusoidal signal of a specified frequency which
foduce an output voltage equal to the noise output voltage produced by the amplifier

or a
ages
rated
d the

formation about noise, excluding hum and the other spurigus signal components, may be

, the

vel of decibels of this reference voltage with respect to the rated voltage (0 dB) shall be

lifier
the

an its

tulties
brtion-

o its

will

T
m
d) E
T
P
N

e 2 Thneirequency Oor the equivalent SOUrce IS preterably the Standdra rererence imrequency or T UU

Hz.

The manufacturer shall state rated values for one or more of these characteristics in the
specification.

15.13.2 Method of measurement

The amplifier is brought under rated conditions.

a) Analogue input signal

S

ee 4.1.21

b) Digital input signal

S

ee 4.1.2.2

c) The source e.m.f. is then reduced to zero.
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NOTE Zero for digital input signal that has a value of all zeros for all samples.

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

e) The noise output voltage U,' 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.

f) The noise output voltage U,' may be stated directly.

g) The signal-to-noise ratio may be expressed as

on . U2ref
rAvaie) ;
Uz
where U, . is a stated reference voltage, for example rated distortion-limited output
vpltage.

h) Tlhe settings of all relevant controls and the measuring conditions shall be clearly stated
with the results.

i) The equivalent noise source e.m.f. may be calculated from the-measurements of noise
output voltage and of gain (see 15.10.2):

UL
En=f
where
E|, is the equivalent noise source e.m.f.;
U,' is the noise output voltage;
A is the e.m.f. gain, measured underthé same conditions.
15.14 Hum

15.14.1 General

Interference at the power supply;frequency and its harmonics is termed hum. The subjdctive
effects of hum depend very;much on the waveform and spectral content so that [good
corrglation is not usually achieved between simple measurements and subjective evaluaiions,
parti¢ularly since the«characteristics of the loudspeakers used strongly influence the

subjgctive results.

In vgriable consumption apparatus the hum output voltage is likely to be a function of the

signdl level, so that a special method of measurement is required.

15.14.2/ Characteristics to be specified

The following characteristics are suitable for inclusion in specifications:

a)

b)

c)

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.

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.

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.

Residual hum output voltage: The hum output voltage measured with the gain control(s)
set to minimum position.
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NOTE It is illogical to refer this voltage to rated output voltage and calculate a "residual signal-to-hum ratio"
since with the gain 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
characteristics.

15.14.3 Method of measurement
The amplifier is brought under rated conditions.

a) The conditions are then readjusted to those under which the measurement is to be made.

b) A_band-nass filtar is caonnacted at thg outniit togrminals ta nace thg hium fraoan enc
Ar—BaRe o — 3R teg—ai—R HH—teHRHRa+ t pa R & Yy

cpmponent to be measured.

c) Iff the variation of hum output with signal output is to be measured for<{a-vaiiable
cpnsumption apparatus, a source at a frequency which is high compared with the iower
stipply frequency, 5 kHz for example, is connected and the source e.m.f> adjusted to
pfoduce the required signal output voltage (for example, as for standard measpuring
cpnditions).

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

e) The measurement is repeated at other hum frequencies.

f) The hum output voltages may be presented as a spectrufm, or added to produce a|total
him voltage:

Unt = (U3,

The signal-to-hum ratio may be calculated.)as described in item b) of 15.14.2.| The
efjuivalent hum source e.m.f. may be calculated as described in item c) of 15.14.2, using
the e.m.f. gain calculated from the resulis.of the measurement described in 15.5.4.

pr variable consumption apparatus theé measurements may be repeated with other values
output voltage, and the results presented graphically.

F
o}
h) Al spectrum analyser may be- used to measure all the hum voltage components
s{multaneously.
T

he measurements may(be'repeated with the gain control(s) set at minimum gain position
tq determine the residual hum output voltage.

15.1% Balanced inputs)and outputs
15.1%.1 Balance.of the input
15.1%.1.1 General

Gengral, information on the purpose and characteristics of balanced interfaces is given in
AnngxA7 The balance of an input port may be influenced by inequality of the internal
impedances from the input terminals to the reference point and/or failure of the circuit 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.

15.15.1.2 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 15.15.1.3. 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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15.15.1.3 Method of measurement

The procedure is as follows:

2018

a) The equipment, connected in the test circuit shown in Figure 9 (based on Figure 4 of
IEC 60268-2:1987), is brought under standard measuring conditions with switches S1 and
S2 in position 1. The generator shall have a balanced floating output circuit with a rated
source resistance Rg not greater in value than the rated source impedance of the

c)
d)

e)

f)

g)

h)

15.1%.2 Overload\(distortion-limited) peak-to-peak common-mode input voltage
15.1%.2.1 Characteristic to be specified

The peak-to-peak value of common-mode input voltage at which the distortion of the o
signgdl\waveform begins to increase rapidly as the input voltage is increased.

frequency, such as 10 kHz,(Care recommended. The measurement may also be rep
wlith other values of source‘e.m.f.

equipment under test. The two resistors R shall be 10 Q £ 1 %, or of closer tolerance.

NOTE Table 10 of IEC 61938:1996 recommends a value of Rs of 50 Q or less.

The-input-voltage-LL—is-measuted-using-a-high-impedance—satrth-free-measuring-irstrun
14 ) (| 15 1) 124 5

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

i then increased to U,', so that the output voltage U,' is either equal to /5 or at
Lfficiently high to avoid errors due to hum and noise.

S
The values of U,' and U,' are measured using the same instruments)as before.

measuring U,', temporarily note the value with switch S2 in positiom1 and then sef
ppsition 2. The higher of the two values of U,' is noted as the value for use in the
S
T

ep.
he common-mode rejection ratio, CMRR, is calculated in decibels:

20 |g (U1'U2/U1 U2')

nown in Figure 9, and to shield the components” from air currents which could g
fferential temperature changes.

he value of rated source resistance Ry used for measurement shall be stated wit

sed unless otherwise stated.
he measurement is repeated fora number of frequencies, adequately covering

The switch S1 is then set to position 2, leaving switch S2 in position 1. The sotrce ¢.

ent.

least

Vhile
it to
next

D maintain accuracy, it is essential to use electrostatic screens and earth connections as

ause

h the

easurement data. If no value of Rq is given by the manufacturer, a value of 50 Q shall be

the

equency such as 80 Hz, one “at the standard reference frequency and one at a h

The results are giventeither in a table or graphically, presenting the CMRR as the ord
(decibels on a linear'scale) and the frequency as the abscissa (log scale).

fective frequency range of theyequipment. At least three measurements, one at I low

gher
ated

inate

utput

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

15.15.2.2 Method of measurement

The procedure is as follows:

a) The procedure given in 15.15.1.3 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 U,' is then increased until the waveform begins to show rapidly

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

NOTE A conventional measurement of the increase in distortion is not usable, because the distortion
output signal is likely to vary in a complex manner with input signal level.

of the
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b)

c)

If no rapid increase in distortion is observed with U;' equal to 24 V (r.m.s.), no greater
input voltage need be applied.

The measured value of U,;' is expressed as a peak-to-peak value, by multiplying by

2\/5 (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"

15.15.3 Balance of the output

15.15.3.1 General

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

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 conpected alsq has
uhequal 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
effect is considered in terms of a common-mode signal superimposed on the wanted
balanced signal by mode conversion.

c) Internal impedance of the source of unbalance. This is considered as the squrce
impedance associated with the common-mode signal descfibed in b).

d) Phase-shift differences in the signal chains to each output terminal.

15.1%.3.2 Characteristics to be specified

The following characteristics are suitable for inclusion in specifications:

a)

b)

he internal impedance balance, expressed as the inverse ratio of the differential output
bltage caused by injecting a common=mode signal into the output, to the e.m.f. of the
bmmon mode signal, measured by thesmethod given in 15.15.3.3.

bltage produced by mode-conversion, to the differential output voltage producing it,

T
v

c

The symmetry of the output voltagés, expressed as the inverse ratio of the common-fode
v

measured by the method given.in 15.15.3.4.

NIOTE This includes effects due‘to differential phase-shift.

It is lecommended that{he manufacturer state the rated values in decibels in the specification.

15.1%.3.3 Method of measurement of internal impedance balance

The procedure.is as follows:

a)

b)

d)

The equipment is connected in the test circuit shown in Figure 10. The resistors R shall be
3[300,Q2 + 1 %, or of closer tolerance, and the potentiometer Ry shall be 500 Q + 10 Vo, or

aloacar taloarona Th H=A-CRT IRUP-N [ P IZ ahall b Z ZE N\ (2N AD\ i nloca thaormaic ot t d
oreroser—torerance—ne PO vVoOrtaygC—y— oSTarnr o1, 7o v (ZU UDU), UMt SS UtnCTwisT—St ed.

In some cases, it may not be necessary to terminate the input of the equipment under test
with its rated source impedance Rg.

The switch S is set first to position 1 and Ry is adjusted to minimize the measured voltage
U,, then S is set to position 2 and Ry readjusted so that the same value of U, is measured
in both positions of the switch S.

The internal impedance balance is expressed as the ratio in decibels of V' to Us:

20 Ig (V/U,)

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
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frequency, such as 10 kHz, are recommended. The measurement may also be repeated
with other values of input voltage.

e) 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).

15.15.3.4 Method of measurement of voltage symmetry

The procedure is as follows:

a) T

he equipment, connected in the test circuit of Figure 11 (based on Figure

5 of

IEC 60268- 2 1987), is brought under standard measuring conditions W|th S in position 1.

b) T
c) T

d) T

e) T
e
fr
fr
W

fy T
(d

15.1

Cros

wher

Un.A
Ug,A

o raocic tora D /9 cbholl Aaocbh bha oo Lt half tha rotad oA racioton o B

HFe—twWo—FEeStSTtOrS N7z ot oot ot~ oquaT—to— o tre—Tratod 086 luolo\.ulluu, e

foduced in both positions of the switch S.
he ratio of differential signal to common-mode signal is calculated-in_decibels as:

20 1g (U,lUy")
equency such as 80 Hz, one at the standard reference frequency and one at a h

equency, such as 10 kHz, are recommended. The*measurement may also be rep
ith other values of source e.m.f.

ecibels on a linear scale) and the frequency as abscissa (logarithmic scale).

15.11 Cross-talk and separation in multi-channel amplifiers

.1 Characteristics to be specified

5-talk attenuation is expressed’in decibels as:

201g -LAA
Us,A

is the rated-output voltage of channel A;
is the_output voltage of channel B due to the rated input voltage applied to channel

Sepqration is expressed in decibels as:

5 the

sistance of the potentiometer Rt. Unless otherwise stated, the value R, shall be 600 Q.

he output voltage U, is measured using a high-impedance earth-free \measpuring
strument. The common-mode voltage U,' is measured using an appropriate ‘instrumegnt.

he trimming potentiometer R, is adjusted so that the same (minimum)\value of ¥, is

he measurement is repeated for a number of frequencies, adequately covering the
fective frequency range of the equipment. At least three measurements, one at I low

gher
ated

he results are given either in a table orc¢graphically, presenting the ratio as ordinate

UaA
UaB

20 Ig

where Uy g is the output voltage of channel A due to the rated input voltage applied to
channel B.

It is recommended that the manufacturer specify rated values of some or all of these
characteristics in the specification.

15.16.2 Method of measurement

Two channels A and B are brought under rated conditions.
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a)

The output voltages Uy a of channel A and Ug g of channel B are measured.

b) The input voltage to channel A is reduced to zero and the output voltage Up g is measured.

c)

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. 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
d ' i i i rload
spurce e.m.f. is not exceeded. The value of source e.m.f. used should be noted ‘with the
sults.

he input voltage to channel A is restored and that of channel B reducedto zerof The
utput voltage Ug A is measured as above.

T
0

From these measurements, the required ratios can be calculated.

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

Ua,A
UB,A

201g

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

Us,B
UAB

201g

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

Una,A
UaB

20 Ig

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

UsB
UB,A

20 Ig

NIOTE 1 The term\'separation' is normally used only in the case of pairs of channels carrying related gignals
qr stereophoriy.‘Separation and cross-talk attenuation are equivalent only if U, o = Ug -

—h

NIOTE 2.__The term 'channel’, in this context, includes both a simple signal path from a single input to a|single
opitputy"and a branched path which might have more than one input and/or more than one dqutput.
Cponsequently, this method of measurement can be used to determine the cross-talk attenuation betwegn any
inpuivand any output (including a low-level output for recording) which is not part of the same signgl path
(usually known as an 'unrelated output’).

The method of measurement of the unwanted signal (wide-band, selective, or selective at
harmonic frequencies) shall be stated.

The wide-band measurements may be referred to as 'Total cross-talk attenuation' or 'Total
separation'.

The selective measurements may be referred to as 'Linear cross-talk attenuation' or
'‘Linear separation'.

The measurements made selectively at harmonic frequencies may be referred to as
'Non-linear cross-talk attenuation' or 'Non-linear separation’, and the harmonic
components may be combined as the square root of the sum of the squared amplitudes to
obtain 'single-figure' results.

The measurements may be repeated at other frequencies, at other output voltages and for
other channels. The results may be tabulated or expressed graphically.
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15.17 Gain and phase differences between channels in multi-channel amplifiers

15.17.1 Gain difference

15.17.1.1 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.

15171

surenTent

Both|channels are brought under standard measuring conditions, the source being)the same

15.17.2 Phase difference
15.17.2.1 Characteristic to be _specified

The
contrpls, if any, as a function of frequency.

The manufacturer may-optionally present these data in the specification.

15.17.2.2 Method of measurement

olume, balance and tone controls, if any, are set to corresponding stated positions for

he frequency of the source is varied continuously or step by step-maintaining the sgurce
elm.f. constant and measuring the output voltages U 5 and Ug gf0f-both channels at|each
flequency.

he ratio of the output voltages Up 5 and Ug g is expressediin decibels as a functipn of
flequency.

he measurement is repeated for a number of corrésponding positions of the volume,
bplance and tone controls, one of the positions being. that for rated conditions. When there
ig a device for gain trimming, this should not be<changed from the position adjusted uynder
item b) above.

he results are given as a series of graphs, each labelled with the positions of the
cpntrols, presenting the ratio of the outpuf-voltages as the ordinate and the frequengy as
the abscissa.

difference in phase reSponse between a pair of channels for stated positions of the

Both|channels are brought under standard measuring conditions, the source being the same

for both.

a)
b)
c)

d)

Volume, balance and fone confirols, if any, are set to corresponding stated positions for
both channels. If there is a device for gain trimming, this should be properly adjusted.

A phase difference meter is connected to the output terminals of both channels taking
proper account of terminal marking.

The frequency of the source is varied, the phase difference being measured at each
frequency.

The phase difference Ap between the two channels is expressed as a function of
frequency either in radians or in degrees or as a time difference, as specified in 15.11.4.

The measurement is repeated for a number of corresponding positions of the volume,
balance and tone controls, one of the positions being that for rated conditions. When there
is a device for gain trimming, this should not be changed from the position adjusted under
item a) above.
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f) The results are presented as a series of graphs, each labelled with the positions of the
controls, presenting the phase difference as the ordinate and the frequency as the
abscissa.

15.18 Dimensions and mass, characteristics to be specified
The manufacturer shall state these values in the specification.

a) The overall and mounting dimensions;
b) The net mass.

2 channel stereo amplifier Rated load
impedance

Source e.m.f.

@ L channel

@ R channel P L channel W, P R channel W

1kHz(THB 1 %, 8 Q

IEC

Figure 1a — Rated condition of 2 channel stereo amplifier (see 4.1.2)

2.1 channel stereo amplifier

Rated load
Soprrce e.m.f. impedance

@7 High-pass filter —

L, R stereo channel
P L channel Wv P R channel W
1kHz, THD 1 %, 8 Q

>N/ Two channels driven

High-pass filter

Woofer channel

P Woofer channel W
S Woofer channel 100 Hz, THD 1 %, 8 Q
One channel driven

Low-pass filter

EC

Figure 1b — Rated condition of 2.1 channel amplifiers (see 4.1.2)

Figure 1 — Example block diagram for multi-channel amplifier
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Rated load
Amplifier impedance
Digital signal Output Low-pass filter
generator © terminals (analogue) Analyser
Input o
terminals
Source e.m.f.
IEC
Figure 2 — Connection diagram of equipment for digital input
R¢/2 rated source impedance
— Amplifier Rated load
(Class D) impedance
L ||
9 Source e.m.f. Input Output Low-pass filter
terminals terminals (@nalogue) Analyser
- e N -
R¢/2 rated source impedance
IEC
Figure 3a — Arrangements for'the Class D amplifier —
balanced input, floating (see 4.1.2)
R rated source impedance
! Amplifier Rated load
(Class D) impedance
I A W -
6 Source e.m.f. Input Output Low-pass filter Anal
terminals terminals (analogue) nalyser
Ay ] L
IEC
Figure 3b — Arrangements for the Class D amplifier —
unbalanced input (see 4.1.2)
Figure 3 — Arrangements for the Class D amplifier
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R¢/2
-
- @ Fol>]
]
R¢/2 R R G
A IEC
balanced input, floating (see 15.5.2.2.2)
Ry
E— S >
-
" IEC

Figure 4b — Arrangements for measuring input impedance —
unbalanced input (see 15.5,2.2.8)

Figure 4 — Arrangements for measuring input impedance
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- Envelope of the signal

7

JAWA

VAV

VAV

All voltages are peak values.

04 = source e.m.f. under standard measuring conditions

201g

04" = source e.m.f. under overload conditions

>

4
1

=20dB

<

t

Envelope of the signal
=z p [¢]

NN U2 N\ 7Ff’2
\/ \/ /\AML
/_
t t ]

Time

Time
IEC

Figure 5a — Oscillogram of the source e.m.f. for measuring overload restoring’time (see 15.6.6)

All voltages are,peak values.

U, = output voltage under standard
measuring conditions
Uy’ ="eutput voltage under rated conditions
0'2
201lg —— =10dB
Uz
05" = maximum output voltage under
overload conditions

Note — dy" may not occur at t1

"
201g

g, <20dB

09+ = positive peak output voltage at time 3

0,-"" = negative peak output voltage at time t3

For each of these voltages,

o
201g iy =+1dB

Overload restoring time = t3 — t,

igure 5b —~Oscillogram of the output voltage when measuring overload restoring time (see 15.6.6

Figure 5 — Oscillogram when measuring overload restoring time

IEC
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Sinewave
oscillator
600 Q
impedance ©
X
- 40 pF?
Square-wave °© © Special o © L © .
waveform Amplifier
generator generator under test Y To
500 Hz o o o o ° oscilloscope
1Q
E
a
Four 10 yF polyester Bright-up pulse

capacitors in parallel
P P 1EC]

Higure 6a — Configuration of the measuring circuit (see 15.8.2.3 and reference [4] in the bibliography

IEC

Figure 6b — Typical(display of output current and voltage (see 15.8.2.4)

Figure 6 — Protection against potentially damaging combinations
of output voltage and current
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R

Ra
Resistor values:
R1>1ORS R2>10RS

A RAa
[ I B B
R1 + RA R2 + RB R3 RS
Ry
’—\_: Amplifier Re ,
R under test S is the rated‘s_ource impedance
B of the amplifier under test

’La Ra ‘

P

T I

a Required only if their values are not negligible compared with R, and R,

(See 15.12.7 to 15.12.10)

IEC

Figure 7 — Arrangement for combining two input signals

Jo = 3,15 kHz
’ Yo~ S0 kHz 57, = 15,75 kH
= z
o=tk Y=o

201
om
©
g
5 40
©
c
2
2]
5 60
2
3 %q =63 kHz 4, =126 khz
€ g

-80 /\ /\ U

100 L— ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

2 4 6 8 10 12 “ 16 18
(Se€.15.12.9.2) Frequency kHz

IEC

Figure 8 — Frequency spectrum below 30 kHz of the signal for
measuring dynamic intermodulation distortion
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Electrostatic

screens \

1 Equipment
1 quip
o—4 o/ under test
So P2
—0—

o f | R
2
-~ L R, .

u-l ‘ U2
\ / N 1T
. — ] (See 15.15.1.2)
| \/ !
= IEC
Figure 9 — Arrangement for measuring the balance of a balanced input
Electrostatic
/ sereens \
Equipment
7\ under test
"
0
] 1
— (See 15.15.3.3)
B IEC
Figure 10 — Arrangement for measuring the internal
impedance balance of a balanced output
Electrostatic
/ screens \
Equipment
ulldcl ESl
\/ U?
)¢
— (See 15.15.3.4)
IEC

Figure 11 — Arrangement for measuring the voltage symmetry of a balanced output
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Annex A
(informative)

Balanced interfaces

The purpose of a balanced interface is to transfer a desired signal as a differential voltage on
two signal lines. An ideal balanced line receiver responds only to the differential voltage at its
inputs, and does not respond to identical, or common-mode, voltages applied to its inputs. If
undesired noise or an interfering signal appears identically on both lines, i.e. no portion is
converted to a differential voltage, the noise or interference can be completely rejected by the
line necetver—Abatanced-interface—system—consistsofatinedriver—tine{norm a-screened,
balanced cable), and a line receiver, whose common-mode impedances effectively~fofm a
e. Conversion of noise or interfering signals occurs only when the bridge is notbatanced.
Therg¢fore, only the common-mode impedance balance of the driver, line, and receiver play a
role |in noise or interference rejection. This noise or interference rejection “property is
independent of the presence of a desired differential signal. Therefore,Mit“can make no
diffeflence whether the desired signal exists entirely on one line, as a greater voltage orn one
line than the other, or as equal voltages on both of them.

c cl atry

Syminetry of the desired signal has advantages, but they congefn headroom (distoftion-
limitdd output voltage and overload source e.m.f.) and crosstalk, not noise or interference
rejection. For constant power supply rail voltages at the<driving end, symmetrical (drive
obviqusly increases maximum output by a factor of approximately 2. Symmetrical drive gf the
signgl conductors of a screened cable significantly reduees crosstalk, which can be gither
capagitively coupled (through imperfect cable screéning) or inductively coupled (from
unwgnted currents flowing in the cable screen). If{(the screen is earthed at any point pther
than|the driving end, these signal currents flowing in the screen can cause addifional
crosgtalk by flowing in unforeseen paths in the system.



https://iecnorm.com/api/?name=492cb2af148b9aff58b4068f01a1deff

IEC 60268-3:2018 RLV © IEC 2018 - 61—

Annex B
(informative)

Specification of a multi-channel amplifier

B.1 General

Unless the specification relates to the operating condition in which all channels are driven, the
manufacturer should state the operating condition (see 15.6.3.2).

B.2 | Example specification of a 5.1 channel amplifier

Figude B.1 shows a block diagram for a 5.1 channel surround amplifier.

Stereo mode

Front L/R channel: |:>Front L channel W, |:>Front R channel w
1|kHz, THD 1 %, 8 Q

Sjurround mode

Front L; Peront L channet W/ 1 kHz, THD 1 %, 8 Q

Front R; Peront R channel W/ 1 kHz, THD 1 %, 8
Gentre; (Pcentre channey W/ 1 kHz, THD 1 %, 8 Q
Spurround L; Psyrround L channel W / 1 kHz, THD:4. %, 8
Spurround R; Pgrround R channel W/ 1 kHz, THD 1 %, 8 O
Woofer; Pyoofer channel W/ 100 Hz, THD\1 %, 8 Q

One channel driven

5.1 channel surround amplifier Rated load impedance

—{ Front L channel ‘
—{ Centre channel ‘
—{ Front R channel ‘

‘ Surround L channel ‘

‘ Surround R channel ‘

‘ Woofer channel ‘
IEC

Figure B.1 — Block diagram for a 5.1 channel surround amplifier

B.3 Example specification of a 5 channel amplifier

Figure B.2 shows a block diagram for a 5 channel surround amplifier.

Front L; Prront L channet W

Front R; Prront R channel W
Centre; Pcentre channel W
Surround L; Psyrround L channel W
Surround R; Pgyrround R channel W
1 kHz, THD 1 %, 8 Q
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All channels driven

5 channel surround amplifier Rated load impedance

—{ Front L channel ‘
—{ Centre channel ‘
7 Amplifiers —{ Front R channel ‘

—{ Surround L channel ‘
—{ Surround R channel ‘

IT=7a)

Figure B.2 — Block diagram for a 56 channel surround amplifier
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2)

3)

4)

5)

6)

7)

8)

9)

Interpatignal Standard IEC 60268-3 has been prepared by IEC technical committee
Audip;video and multimedia systems and equipment.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SOUND SYSTEM EQUIPMENT -

Part 3: Amplifiers

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization\comy
national electrotechnical committees (IEC National Committees). The object of IEC is/to prf

end and in addition to other activities, IEC publishes International Standards, Technical Specificg
Teichnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter greferred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National COmmittee inte
in [the subject dealt with may participate in this preparatory work. International, governmental and
gopernmental organizations liaising with the IEC also participate in this preparatien.)IEC collaborates d
with the International Organization for Standardization (ISO) in accordance with’conditions determin|
agfeement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiofial use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible forythe way in which they are used or fdg
mipinterpretation by any end user.
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In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publications

trgnsparently to the maximum extent possible in théir“national and regional publications. Any diver
befween any IEC Publication and the corresponding @ational or regional publication shall be clearly indica
the latter.

IEC itself does not provide any attestation of.conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, :aecess to |IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have‘the latest edition of this publication.

Nd liability shall attach to IEC or its,directors, employees, servants or agents including individual exper
megmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn tg the Normative references cited in this publication. Use of the referenced publicati
indispensable for the ‘correct application of this publication.

At{ention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
pafent rights”NEC shall not be held responsible for identifying any or all such patent rights.
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This fifth edition cancels and replaces the fourth edition published in 2013. This edition
constitutes a technical revision.

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

a) rated condition of digital input is newly specified;

b) tolerance of rated power supply is changed;

c) maximum effective output power is appended to output characteristics list;

d) "Terms, definitions and rated values" clause is complemented.
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The text of this standard is based on the following documents:

CDV Report on voting
100/2960/CDV 100/3069/RVC

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 document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A lis
equif

This
IEC §

of all parts in the IEC 60268 series, published under the general title Sound_sy
ment, can be found on the IEC website.

part of IEC 60268 shall be used in conjunction with IEC 60268-1:1985
0268-2:1987.

stem

and

The ¢ommittee has decided that the contents of this document will remaith unchanged unfil the

stabi

ity date indicated on the IEC website under "http://webstore.iec(¢h” in the data relat

the specific document. At this date, the document will be

—

q

e W

—

q

o a

A bili

confirmed,
ithdrawn,
placed by a revised edition, or

mended.

nhgual version of this publication 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

analg

appli
ampl

NOTE

In ge
direc
give

In ge
usefd
accu

Rate
meag

cations. It specifies the characteristics that should be included in specificatio
fiers and the corresponding methods of measurement.

The methods of measurement for digital amplifiers and similar equipment are given in AEC 61606 [1]1
neral, the specified methods of measurement are those which ,are’seen to be

tly related to the characteristics. This does not exclude the use-of other methods
bquivalent results.

neral, the methods are based on the simplest measuring\equipment which can pr

acy and/or allow automatic measurement and recording of results.

] conditions and standard measuring conditions are specified in order to
urements to be reliably repeated.

2 Normative references

The

contg
cited
any g

ollowing documents are referred o in the text in such a way that some or all of
nt constitutes requirements of, this document. For dated references, only the e

mendments) applies.

IEC 60065:2014, Audio, video and similar electronic apparatus — Safety requirements

IEC {
IEC §
IEC ¢

IEC ¢
calcl

0268-1:1985, Sound system equipment — Part 1: General
0268-1:1985/AMD1:1988
0268-1:1985/AMD2:1988

0268-2:1987, Sound system equipment — Part 2: Explanation of general terms
lation methods

Amen

gue/digital amplifiers, which form part of a sound system for professional or hous¢hold

s of

most
that

bvide

| results. This does not exclude the use of more compléex\équipment that can give hjgher

allow

their
dition

applies. For undated references, the latest edition of the referenced document (inclyiding

and

dment 1:-1001

IEC 60417:2002, Graphical symbols for use on equipment —

TOTITCTIC T T JJIT

12-month subscription to

regularly updated online database comprising all graphical symbols published in IEC 60417

IEC 60958:2016 (all parts), Series, Digital audio interface

1 Nu

mbers in square brackets refer to the Bibliography.
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IEC 61000-4-13:2002, Electromagnetic compatibility (EMC) - Part 4-13: Testing and
measurement techniques — Harmonics and interharmonics including mains signalling at a.c.
power port, low frequency immunity tests

IEC 61000-4-13:2002/AMD1:2009

IEC 61000-4-13:2002/AMD2:2015

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

IEC 61000-4-17:1999/AMD1:2001

IEC 61000-4-17:1999/AMD2:2008

IEC 61000-4-29:2000, Electromagnetic Compatibility (EMC) — Part 4-29: Testing| and
meagurement techniques — Voltage dips, short interruptions and voltage variations on d.c.
inpuff power ports immunity tests

IEC 61606-1:2009, Audio and audiovisual equipment - Digital audig~\parts — Basic
meagurement methods of audio characteristics — Part 1: General

IEC 61883-6:2014, Consumer audio/video equipment — Digital interface — Part 6: Audiq and
musig data transmission protocol

IEC 61938:2013, Multimedia systems - Guide to the récommended characteristigs of
analqgue interfaces to achieve interoperability

3 Terms, definitions and rated values

3.1 Terms and definitions

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

ISO Ind IEC maintain terminologicaldatabases for use in standardization at the follqwing
addresses:

EC Electropedia: availablerat http://www.electropedia.org/

$0 Online browsing platform: available at http://www.iso.org/obp

3.11
clasg A
clasq of operatienin which the current in each active device supplying the load currgnt is
greafer than zéro throughout each cycle of the signal for all values of load current up to} and
incluging, the_value determined by the rated output power or voltage and the rated|load
impefange

3.1.2
class B

class of operation in which the current in each active device supplying the load current is
equal to zero for exactly one-half of each cycle of load current

Note 1 to entry: In common usage, the term Class B is extended to the case where current flows for slightly more
than one half-cycle.

Note 2 to entry: Classes G and H are modifications of class B with improved efficiency.

3.1.3

class AB

class of operation 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
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Note 1

3.1.4

to entry: At sufficiently low signal levels, a Class AB amplifier usually operates in Class A.

class D
class of operation in which all active power devices are switched between fully on and fully off
at a rate faster than the highest frequency of interest, and where the wanted signal is
encoded in the switching pattern

Note 1

3.2

to entry: Other classes of operation have been commercialized but no formal definitions of such classes
have been submitted for standardization.

Rated values
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explanation of the term "rated" is given in IEC 60268-2.

ated conditions for amplifiers are:

ted power supply voltage;

ted source impedance;

ted source e.m.f;

ted load impedance;

ted total harmonic distortion, or rated (distortion-limited){output voltage or power;

ted mechanical and climatic conditions.

1 Total harmonic distortion and (distortion-limited) output yoltage or power are interdependent. Both
en as rated conditions simultaneously because normally/3g given sample amplifier produces less than
larmonic distortion at rated output voltage or power.

2 If the power supply frequency is critical, it is also'arated condition.

btain the correct conditions for measurements, the values for the above-mentioned
tions shall be taken from the manufacturer's specification. These values themselve
Libject to measurement but they constitute the basis for measuring the other characteris

pbds of measurement for these other characteristics are given in this document an
facturer is either required.er permitted to state 'rated values' for these characterist
pecification of the equipmient. These include

ted voltage gain;

ted distortion limited output voltage or power (when not adopted as a rated condition
ted signal-fe=noise ratio;

ted equivalent noise source e.m.f.

bonditions

annot
rated

rated
5 are
lics.

0 the
cs in

4.1

411

Rated conditions and standard measuring conditions

Overview

For convenience in specifying how amplifiers shall be set up for measurement, sets of
conditions are specified in this document, under the titles of "Rated conditions" and "Standard
measuring conditions".
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4.1.2 Rated conditions

4.1.21 Analogue input

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)
b)

c)

d)

e)

f)

g)

h)
i)

Figude 1 shows block diagrams of amplifiers with some rated conditions stated.

the amplifier is connected to its rated power supply;

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

NPTE 1 Multi-channel amplifiers can be specified with any number of channels driven, or all channel$. See
Apnex B. The input signal can be applied simultaneously to all inputs of similar channels.

the output terminals are terminated with the rated load impedance;

Z

DTE 2 For the measurement of Class D amplifiers, the low pass filter can be connegted betwegn the
alyser and the rated load impedance. The low pass filter (analogue) is given in IEC 61606-1 (see Figure 3).

)

the terminals which are not used during the measurement are terminated, if necessary, as
specified by the manufacturer;

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 b¢ the
standard reference frequency of 1 000 Hz according to IEC60268-1.

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

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

the tone controls, if any, are set to a specified position to give the specified freqyency
gsponse, generally the flat frequency respohse;

-

the balance control(s), if any, is (are)_set to the mechanical central position;
the rated mechanical and climatic conditions according to IEC 60268-1 are complied With.

Amplifiers for which the rated)distortion-limited output power exceeds the rated temperdture-
limitgd output power are likely to be subject to overheating when operated under rated
cond|tions for an extended period of time. For these amplifiers, rated conditions shdll be

maintained for no longer than can be tolerated by the amplifier.

4.1.2.2 Digital input

a digjtat audio signal and the output signal is an analogue signal. All the digital specifications

are

The Emplifier and measuring instrument is connected as shown in Figure 2. The input sigpal is

escribed in IEC 61606-1. The digital interface can be according to IEC 60998 or

IEC 61883-6, or other interfaces having the same specification as in 3.1 of IEC 61606-1. The
source e.m.f. for digital input is the signal level of the digital sine signal generator specified in
4.6.2 of IEC 61606-1:2009:

a)
b)

c)

the amplifier is connected to its rated power supply;
input signal is adjusted to:
— frequency: 997 Hz;

— signal level: full-scale level.

NOTE 1 Multi-channel amplifiers can be specified with any number of channels driven, or all channels. See
Annex B. The input signal can be applied simultaneously to all inputs of similar channels.

NOTE 2 The standard reference frequency of 997 Hz is according to 4.3 of IEC 61606-1:2009.
the output terminals are terminated with the rated load impedance;
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d)
e)
f)

g)
h)

NOTE 3 For the measurement of Class D amplifiers, the low pass filter can be connected between the
analyser and the rated load impedance. The low pass filter (analogue) is given in IEC 61606-1 (see Figure 2).

the terminals that are not used during the measurement are terminated, if necessary, as
specified by the manufacturer;

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

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

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

the rated mechanical and climatic conditions according to IEC 60268-1 are complied with.

Ampllifiers for which the rated distortion-limited output power exceeds the rated tempergture-
limitgd output power are likely to be subject to overheating when operated under fated
cond|tions for an extended period of time. For these amplifiers, rated conditions shgll be

maintained for no longer than can be tolerated by the amplifier.

4.1.3 Standard measuring conditions

Thesg are obtained by bringing the amplifier under rated conditions (see 4.1.2) and|then

reducging the source e.m.f. to a level of —10 dB referred to the rated_source e.m.f.

4.2

Other conditions

If supplementary data of the amplifier are presented{sapplying to other than the rated or
standard measuring conditions, for example at different frequencies or at different settings of
controls, then the conditions shall be fully definedsin“the presentation. These conditions $hall,
if pogsible, be chosen according to the recommendations made in the relevant clauses of this

document.

The procedures for supplementary measSurements may be derived from the measurement
procgdures given for the standard conditions. If special precautions are necessary to ensure

accufacy, these shall be indicated together with the measurement procedure involved.

5

Classes of operation

Amplifier classes are_glassified according to the operation of an amplifying stage. These
clasdes are defined,as_Class A, Class B, Class AB and Class D; detailed definitions are given

in 3.1.

6

For

Interchangeable parts

ype” measurements, interchangeable parts shall have characteristics as close @as is

reasonably practicable 10 the mean characteristics specitied Tor these parts.

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

7

Automatic controls

The amplifier may contain automatic control circuits such as limiters, compressors, expanders
and electronic fader circuits. These circuits make certain characteristics of the amplifier
dependent either on a signal passing through the amplifier itself or on an external control
signal. When measuring the characteristics of such an amplifier, the automatic control circuits
shall be disabled, except when measuring their characteristics.


https://iecnorm.com/api/?name=492cb2af148b9aff58b4068f01a1deff

-12 - IEC 60268-3:2018 © IEC 2018
8 Power supply

Measurements shall be made with the amplifier connected to rated power supply. Care shall
be taken to maintain the power supply voltage at the rated value during the measurement.
The tolerance of the supply voltages should be £ 1 % or less. A tolerance of up to £+ 10 % may
be allowed if the results of the measurements are not noticeably affected.

Additional measurements may be made at the upper and lower limits claimed as tolerable for
the power supply voltage, the power supply frequency and the a.c. power supply harmonics or
the d.c. power supply ripple.

WAFJNING — The power supply voltage tolerances specified by the manufacturer Lhall
not he exceeded.

9 Position of the volume controls

If a gharacteristic is measured at only one position of the volume contraly the control shall be
at the position corresponding to rated conditions (see 4.1.2), unless a-maximum or minjmum
positlon of the control is inherent in the characteristic to be measured.

If thé characteristic is to be measured for several settings,of the volume control, |then
the plosition for rated conditions shall be included, other preferred settings being maximum,
and 13 dB, -6 dB, -10 dB, -20 dB and -40 dB with respect'to the setting for rated conditjons.

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

10 Pre-conditioning for measurements

Befofe beginning measurements on “an amplifier, it shall be operated under approximlately
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.

The amplifier is then-brought under standard measuring conditions (see 4.1.3). Due to internal
heating, the output voltage may subsequently vary with time. Unless excessive, this efféct is
ignored during~the pre-conditioning period. When the pre-conditioning period is over, the
ampl|fier shalh"be brought under rated conditions or standard measuring conditiong, as
required.

11

£ F
VT IMITdAOUI T CITITIIlO

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 measurements,
then pre-conditioning according to Clause 10 shall be repeated before each set of
measurements, unless this can be shown to be unnecessary.
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12 Variable consumption apparatus

Sound system equipment shall be considered as variable consumption apparatus if it contains
one or more power amplifiers operating in the Class AB, B, or D modes, in which the d.c.
power supply for the output stages is either electronically regulated by means of series control
elements or is not regulated.

NOTE 1 Variable consumption apparatus is defined in IEC 60065:1976 2 as "apparatus in which the power
consumption can vary by more than 15 % due to changes in load impedances of the output circuit or in signal
parameters”, but no definition appears in later editions.

NOTE|2 Where the d.c. supply is regulated by shunt control elements, the power consumption is usually,|if not
alway$, substantially constant. The apparatus, however, behaves in some respects as a variable censumption
apparatus, and, in particular, the text of 15.7.4.1 still applies.

apparatus, in most cases with no special problems. However, certain problems may ocqur in
the measurement of hum and rated distortion-limited output power, and‘®some addifional
meagurements are valuable in assessing the performance of such apparatus (see the ndte of
15.63.1 and item c) of 15.14.3).

All tle measurements contained in this document may be performed on variable consun%ption

13 Marking
Prindiples for marking the terminals and controls are given‘in IEC 60268-1.

Markjng may concern:

brsonal safety and prevention of spread of fire, in the sense of IEC 60065;

|
ie)

— safety in case of faulty connections;

ndications relating to normal operatjon, according to IEC 60417.

Markjng can neither prevent incorreet operation nor provide complete operating instructiops. It
thergffore has to be considered in cenjunction with adequate means for preventing dangerous
or faplty 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.

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

14 Qperating 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 4.1.2). See also IEC 60065 or other appropriate
IEC safety standard.

2 |EC 60065:1976, Safety requirements for mains operated electronic and related apparatus for household and
similar general use
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15 Characteristics to be specified, and their methods of measurement

15.1 Power supply characteristics

15.1.1 Characteristics to be specified

The following information shall (except where indicated as optional) be stated by the
manufacturer in the locations indicated, for each pair of terminals to be connected to the
power supply and for each position of the power supply voltage selector, if any:

a)
b)

c)

d)

the type of power supply (d.c. or a.c.); on the equipment and in the specification;

the rated power supply voltage (this i1s a rated condition, see 4.1.2); on the equipmenf and
in the specification;

the power supply frequency or range of frequencies (this may be a rated condition| see
411.2); on the equipment and in the specification;

the power drawn, under rated conditions, expressed in watts; on the equipment and ip the
specification;

fqr variable consumption apparatus (see Clause 12), the power(drawn from the power
stipply may optionally be expressed as a function of output voltage or power from zgro to
the rated value, with specified load impedances, including the\rated load impedance.| This
characteristic is particularly of value for equipment which may be operated from battgries.
Itfmay be presented as a graph.

If, in|]items d) or e) above, the apparent power drawn,is-significantly greater than the| true

powdr, the apparent power should be stated in addition:

15.1)2 Method of measurement

The pmplifier is brought under rated conditions. The power drawn from the power supply is

meagured in watts by means of a wattmeter:

a)
b)
c)

15.2 | Tolerance of (long-term) power supply voltage variations

15.21 Characteristic to be specified

with rated source e.m.f., see 15.5.3;
wlith the source e.m.f. according.to standard measuring conditions;

fqr variable consumption apparatus, at various values of output voltage or power from|zero
tq the rated value.

The folerancefof power supply voltage variation, such that, for any power supply voltage

withip the stated limits:

a)

b)

c)

d)
e)

thecupper limit of working voltage is not exceeded for any condition of normal operation;
thissapplies particularly to such components as semiconductor devices and electérylytic

capacitors;

the tolerances of the heater voltage of electronic tubes used in the amplifier are not
exceeded;

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;

neither output nor gain is subject to excessive variations;
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.
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Amplifiers designed to take their power supply from batteries or small converters may be
subject to larger variations of power supply voltage, which may be due to changing load, the
temperature of batteries or the gradual decrease of battery voltage during life or discharge.

The rated value shall be stated by the manufacturer in the specification. If the manufacturer
states that the amplifier tolerates power supply voltage variations not exceeding + 10 %, then
compliance with requirements a), b) and c) is considered to be within the scope of normal
amplifier design. Compliance with requirements d) and e) shall be checked.

If the manufacturer states that the amplifier will tolerate power supply voltage variations
exceeding + 10 %, the specification shall give details of any special means for compensating
such| variations and the proper working of these means shall be checked if possible.
Compliance with requirements a) to e) shall be checked.

15.22 Methods of measurement

15.22.1 Temperature

The amplifier is brought under standard measuring conditions.
a) Ifla rated temperature-limited output power is given, the sourcé-e’m.f. shall be adjusted so

that this value of output power is obtained.

b) The power supply voltage is adjusted to the upper limit stat€d by the manufacturer and the
spurce e.m.f. readjusted, if necessary, to restore the output power to the value specified in
ittm a).

c) The amplifier shall be capable of working continuously under these conditions for at [least
4|h without any component exceeding the maximum permissible temperature.

15.22.2 Variations of output and gain

The @amplifier is brought under rated conditions, the total harmonic distortion being meagured
by the method given in 15.12.3.2.

a) The source e.m.f. E5 and the output voltage U, are measured.

b) The power supply voltagelis varied step by step over the range specified by the
anufacturer. For each (value of the power supply voltage chosen, the source e.m.f. [E is
adjusted to obtain the, initial total harmonic distortion, and the source e.m.f. E' anf the
utput voltage U,' are.measured.

o =

NOTE| Over the range ‘of/)permitted supply voltage, both E' and U,' are usually substantially proportional Jto the
power|supply voltage, Where no voltage regulation is provided.

15.22.3 Hum

The jamplifier is brought under standard measuring conditions and the source e.m.f|then
redug¢edito zero.

a) The signal-to-hum ratio is measured as indicated in 15.14.

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 ratio in decibels of
the rated output voltage to the measured hum voltage.
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15.3 Tolerance of power supply frequency variations
15.3.1 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
slgnificant variations;

c) the signal-to-hum ratio is not reduced by more than 3 dB with respect to the rated‘valye.

The manufacturer shall state the rated value in the specification.

Compliance with requirement a) is considered to be within the scope (f-normal amplifier
design.

NOTE| Increase in temperature of components might occur, particularly in the power supply portion, at the|lower
end of the power supply frequency range.

15.3.2 Methods of measurement
15.3.2.1 Variations of output voltage and total harmonic distortion

The @amplifier is brought under rated conditions, the\total harmonic distortion being meagured
by the method given in 15.12.4.2.

a) The source e.m.f. E5 and the output voltage U, are measured.

b) The power supply frequency is varied step by step over the range specified by the
anufacturer. For each value of the;power supply frequency chosen, the output voltage
,' and the total harmonic distortion"are measured.

~

c) Neither the voltage U,' nor_the total harmonic distortion shall be subject to significant
variations within the specified*power supply frequency range.

15.32.2 Hum

The method of measdrement is as given in 15.2.2.3, except that the power supply freqyency
is varied instead of the power supply voltage.

NOTE| The wors{'signal-to-hum ratio is generally found at the lower limit of power supply frequency.

15.4| Tolerance of power supply harmonics and ripple

15.41 \“Characteristics to be specified

The following characteristics should be specified.

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

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 15.2.1;

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 15.2.1.
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b) The tolerance of ripple on the d.c. power supply, such that, within the stated tolerance
range

1) the variations of the power supply voltage do not exceed the variation due to the
permissible power supply voltage variations specified according to 15.2.1;

2) 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.

15.4.2 Methods of measurement

The methods of measurement are specified in other IEC standards:
a) Ppwer supply harmonics
See IEC 61000-4-13.
b) Ripple
See IEC 61000-4-17.
c) Vpltage dips, short interruptions and voltage variations
See IEC 61000-4-29.

15.5| Input characteristics
15.5/1 Rated source impedance, characteristic to be specified

The [internal impedance, stated by the manufacturer in the specification, of the squrce
supplying the signal to the amplifier.

Unless otherwise specified, the rated sourgé-impedance is assumed to be a constant|pure
resisjance.

NOTE| The manufacturer can also give the range of source impedances which is considered tolerable in pragtice.

If thg rated source impedance jsi-not stated by the manufacturer, the appropriate impedance
specified in IEC 61938 shall be\used.

15.52 Input impedance
15.52.1 Characterjstics to be specified
The internal impedance measured between the input terminals:

a) upder_standard measuring conditions; the rated value shall be stated in the specificatipn;
b) at other signal frequencies; this may optionally be stated in the specification, except where
the-variationwith frannnnr\y may he |mnnn‘anf /cnr‘h as for |nn||fe for mannnhr\ fann eads

or pick-ups for analogue disc records) in WhICh case sufflc:lent addltlonal data shaII be
given.

15.5.2.2 Methods of measurement
15.5.2.2.1 General

In the methods given in 15.5.2.2.2 and 15.5.2.2.3 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 15.5.2.2.4 or 15.5.2.2.5 may be used.
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15.5.2.2.2 Balanced input

The amplifier is brought under standard measuring conditions, using a source free from earth
(or chassis), as shown in Figure 4 a).

a)

b)

c)

The input voltage U, is measured by means of a voltmeter with balanced input, whose
input impedance is high compared with the input impedance of the amplifier.

The amplifier is then substituted by a calibrated variable resistor, which is adjusted so that
the voltmeter again reads U;. The value of the variable resistor is then equal to the
modulus of the input impedance of the amplifier at the standard reference frequency.

The measurement may be repeated at other signal frequencies, preferably standard
one-third octave band centre frequencies (see IEC 60268-1).

If the input impedance of the amplifier is high compared with the rated source resistance it is
difficplt to determine precisely the setting of the variable resistor which gives{a voltmeter
reading equal to U,. In other words, the sensitivity of the method of measurement is low | This
effect can be overcome by increasing the source impedance for this measurement, to a yalue

of 10[ or more times the rated source impedance.

The jinput impedance of the voltmeter also affects the sensitivitys of the measurement. It
should therefore be high compared with the parallel combination)of the source impedance

used|for the measurement and the input impedance of the amplifier.

The position of the volume control may affect the input impedance. If so, the measurements
should be repeated at different positions of the control and the positions reported with the

resul
the rated value, unless this would require the overload source e.m.f. to be exceeded.

15.52.2.3 Unbalanced input

The
being connected to earth (see Figure 4:b).

a)

b)

c)

15.5.2.2.4 _(Measurement of input impedance using a bridge

The amplifier is brought under standard measuring conditions.

a)

b)

s. The source e.m.f. should be adjusted to maintain the output voltage at 10 dB HQelow

mplifier is brought under standardimeasuring conditions, the common input terminal

he input voltage U, is measured by means of a voltmeter, the input impedance of which
high compared with that of the amplifier.

he amplifier is then substituted by a calibrated variable resistor, which is adjusted sq that
the voltmeter again (eads Uy. The value of the variable resistor is then equal t¢ the
odulus of the inputimpedance of the amplifier at the standard reference frequency.

he measurement may be repeated at other signal frequencies, preferably standard|one-
third octave band centre frequencies (see IEC 60268-1).

he signal source is then replaced by the 'unknown' terminals of a suitable audio-
frequency bridge. It is essential to ensure that the amplifier is not overloaded by the signal
from the bridge.

NOTE 1 A suitable bridge has means for adjusting the voltage across the 'unknown' terminals (usually by
adjusting the input voltage to the bridge network).

NOTE 2 For a balanced input, a high-quality unity-ratio transformer can be included between the bridge and
the input terminals of the amplifier, or a battery-operated bridge could be used.

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

15.5.2.2.5 Measurement of input impedance using two values of source resistance

The amplifier is brought under standard measuring conditions.
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a) The gain-limited effective frequency range is then measured (see 15.11.2).

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

c)

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

The input impedance at any frequency can be calculated, using simple circuit theory, from
the ratios of the source e.m.f.s and the ratios of the gains measured in steps a) and b), if
the ratio of the gains is sufficiently large to give the required accuracy.

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 \pprallel
combipation of a resistor and a capacitor. At low frequencies, the input impedance might behave as, a pprallel

combipation 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 gource
resistgdnce and that the resistive component of the input impedance is substantially independent of frequerjcy. In

some fcases, one or both of these assumptions might not be justified.

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

The ¢.m.f. stated by the manufacturer in the specification, which, when connected to the finput
terminals in series with the rated source impedance, gives (fated distortion-limited output

voltape across the rated load impedance at a specified, approptiate setting of the controlg.

15.54 Minimum source e.m.f. for rated distortion-limited output voltage

15.54.1 Characteristic to be specified

The .m.f. which, when connected to the input'terminals in series with the rated squrce
impefdance, gives rated distortion-limited output voltage across the rated load impedanceg with
the jolume control(s), if any, set for maximum gain and the tone control(s), if any, set as

specified for rated conditions.

If a volume control is provided, the fated source e.m.f. should obviously be equal to or grgater
than [the minimum source e.m.filfor rated output voltage. If there is no volume control, the
rated source e.m.f. is equal:to-the rated value of minimum source e.m.f. for rated optput

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

15.54.2 Method of measurement

The @amplifiersis brought under rated conditions.

a)
b)

c)

he output voltage U, is measured.

['he volume conirol is adjusted for maximum gain and the source e.m.i. is readjusted to
restore the initial output voltage.

The minimum source e.m.f. Eg is then measured.

15.6 Output characteristics

15.6.1 Rated load impedance, characteristic to be specified

The impedance, stated by the manufacturer in the specification and preferably marked on the
equipment, to which the output terminals shall be connected for measuring purposes.

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


https://iecnorm.com/api/?name=492cb2af148b9aff58b4068f01a1deff

- 20 -

IEC 60268-3:2018 © IEC 2018

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
A ra ; and
lowest values of rated impedance, as follows:
Rated load impedance Rated output power Rated THB
Q w %
16 10 072
Any intermediate value - -
4 40 0,25
The amplifier shall meet the relevant electrical safety requireménts (normally those spegified

in IE

15.6.
15.6.

The

15.6.

The
redu

a) A

C 60065) for each value of rated load impedance.

2 Output source impedance

2.1 Characteristic to be specified

2.2 Method of measurement

ed to zero and the rated load impedance is disconnected.

sinusoidal current source of internal impedance at least 10 times the expected val

t

NOT

the r

e output source impedance is connected, in series with an ammeter, to the o
terminals of the amplifier. A voltmeter is also connected to the output terminals.
current is then adjusted to the value which would flow through the output terminals |
sfandard measuring conditions.

he value 6f<this current may be calculated as the current which would produce a vo
lgvel of <10 dB referred to the rated (distortion-limited) output voltage across the
Ioad impedance.

amplifier is brought under standard measuring conditions. Then the source e.m|.f.

nternal impedance measured between the\output terminals under specified condifions.
The manufacturer shall state the rated value n“the specification.

ue of
utput
The
nder

ltage
rated

hedvoltage across the output terminals U, is then measured.

The measurement may be repeated at other signal frequencies.
The output source impedance is then calculated according to the following formula:

IZl = U2/12

E 1 The current source can consist of an audio power amplifier with a suitable resistor in series with its
output terminals. The amplifier is supplied with a sinusoidal signal from an oscillator. The ammeter can consist of a
low-value resistor (for example 0,1 Q) in series with the output terminals of the current source, the voltage across

esistor being measured with a sensitive voltmeter.

NOTE 2 The output source impedance of an amplifier is in general not a pure resistance, but for many purposes it

is su

fficient to measure the modulus as given above.
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15.6.
15.6.

The f

3 Output voltage and power (distortion-limited)
3.1 Characteristics to be specified

ollowing characteristics shall 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:
["2 = U22/R2
where
P} is the distortion-limited output power;
U, is the distortion-limited output voltage;
R} is the rated load impedance.

c) Diistortion-limited output voltage with complex (that is, partially,o©bwholly reactive)|load
impedance. The voltage, measured across a stated complex (0ad impedance, at which
rated total harmonic distortion, or another stated value of. tétal harmonic distortign, is
produced.

The |stated complex load impedance shall be chosen [Maving regard to the actual|load

impefdance likely to be presented to the amplifier when i use.

A typical loudspeaker or a network simulating thedimpedance of a typical loudspeaker may be

used| but due to the wide variations in actuakload impedance that occur in practice, no

prefdrred values can be given.

Thesge characteristics may be expressedi'directly in volts or watts respectively, or mgy be

exprgssed in decibels, preferably referted to 1 V or 1 W; the reference level shall be statgd.

If thg characteristic is specified\at a single frequency, that frequency shall be the standard

reference frequency (see 4.1.2);

Ratefl values for some .onrall of the above characteristics shall be stated by the manufadturer

in the specification, and preferably marked on the equipment, for each rated value of|load

impefance.

Whefe no confusion can arise between these characteristics and those specified accordipg to

15.7 2, the_words "distortion-limited" may be omitted, but it is preferable to retain them.

NOTE| «Ifithe d.c. supply to the ampllfler output stage is not stabilized the supply voltage decreases as the gource

e.m.f IO III\JIUGOCU UUIIIU aIIIVIIIICIO arc dUOIHIIUU allu GUI. up III Oubll [=} vvay I.Ilal. UII\JUI \JUIILIIIUUUQ QISIICII UUIIU't'onS

the output waveform is unsymmetrically limited due to this decrease in supply voltage. When amplifying speech
and music signals, the decrease in supply voltage might be much less, so that symmetrical limiting occurs, with
consequent reduction in even-harmonic distortion.

15.6.

3.2 Method of measurement

The amplifier is brought under rated conditions, using the appropriate load impedance and a
suitable harmonic distortion measuring device connected at the output terminals (see 15.12).

a) The amplifier is operated under these conditions during a period exceeding 60 s. Then the
source e.m.f. is readjusted, if necessary, so that rated total harmonic distortion is

p

roduced.
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The output voltage U, is measured; this voltage is stated as the (distortion-limited) output
voltage. The (distortion-limited) output power is calculated according to the formula in
15.6.3.1 b).

For multi-channel amplifiers measured by one channel driven independently, the number
of operated channel conditions should be stated by the manufacturer in the specification.
The measurements may, in addition, be repeated with only one channel driven. For
multi-channel amplifiers operated by several channels simultaneously, the measurements
shall be made on each channel in turn, while all other channels continue to operate under
rated conditions. Small changes in output voltage and/or distortion of these other channels
due to temperature effects during the measuring period shall be neglected.

15.6. Maximum effective output power (distortion-limited-at 10 %)
15.6./4.1 Characteristics to be specified

The following characteristics shall be specified:

load |mpedance and with complex load impedance (see also 15 11.3.1 and 15.1214.1).

he measurements may also be repeated for other values of total harmonic-distgrtion
such as those specified in other IEC standards. The measurements may, in.additionh, be
repeated with only one channel driven.

he (distortion-limited) output voltage or power shall be stated for.“each channel
separately, together with the signal frequency, the rated total harmonic)distortion ang the
appropriate rated load impedance.

NIOTE Multi-channel amplifiers can be specified with any number of channels”driven, or all channelg. See

The r.m.s. voltage, measured across the\rated load-impedance, at which the [total
harmonic distortion at 10 % is produced.

Maximum effective output power. The-power produced in the rated load impedance by the
d[stortion-limited at 10 % output voltage:

P2 = U22/R2
here
b is the maximum effective output power;

W
P
U, is the total harmonic distortion at 10 % output voltage;
R} is the rated\load impedance.

D

istortion-limited at 10 % output voltage with complex (that is, partially or wholly reagtive)
Idad jmpedance. The voltage, measured across a stated complex load impedance, at
whightotal harmonic distortion at 10 %, 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 characteristics are expressed directly in watts.

If the characteristic is specified at a single frequency, that frequency shall be the standard
reference frequency (see 4.1.2).
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The values of maximum effective output power shall be shown it by maximum effective output
power (MEOP)

NOTE Maximum effective output power is not same as “rated output power”, “distortion-limited” and “short-term
maximum output voltage and power”, the values need to be clarified by this measurement method. i.e. P =100 W
(MEOP)

15.6.4.2 Method of measurement

The amplifier is brought under rated conditions, using the appropriate load impedance and a
suitable harmonic distortion measuring device connected at the output terminals (see 15.12).

a) The amplifier is brought under the total harmonic distortion at 10 % output voltage |after
bol down. The amplifier is operated under these conditions during a measurable pegriod.
hen the source e.m.f. is readjusted, if necessary, so that the total harmonic_distortipn at
D % is produced.

he output voltage U, is measured; this voltage is stated as the output voltage of the|total
armonic distortion at 10 %. The total harmonic distortion at 10 %, -output power is
blculated according to the formula in 15.6.3.1 b).

b)

operated channel conditions should be stated by the manufacturer in the specificI]tion.
he measurements may, in addition, be repeated with only(one channel driven. For multi-
nannel amplifiers operated by several channels simultag€ously, the measurements |shall
e made on each channel in turn, while all other channegls continue to operate under rated
bnditions. Small changes in output voltage and/or distortion of these other channelg due

c
T

1

T

h

c

c) Fpr multi-channel amplifiers measured by one channel driven independently, the number
o]

T

c

b

c

tq temperature effects during the measuring period shall be neglected.

d) In case of stereo amplifiers, the 2-channel amplifiers shall drive both channels at the game
time. Maximum effective output power of stereo amplifiers shall be shown the values|by 2
channels driven.

e) The measurements may be repeated at-other frequencies and for other rated valugs of
Idad impedance and with complex load'impedance (see also 15.11.3.1 and 15.12.4.1) The
measurements may also be repeated for other values of total harmonic distortion su¢h as
tHose specified in other IEC standards. The measurements may, in addition, be repgated
wlith only one channel driven.

f) The power shall be statedfor each channel separately, together with the signal frequéncy,
the total harmonic distortien at 10% and the appropriate rated load impedance.

g) In case of the maximum total harmonic distortion under the 10 %, the maximum effgctive
oltput power may'use the maximum total harmonic distortion on the amplifier.

NOTE|1 Multi-chanpelsamplifiers can be specified with any number of channels driven, or all channeld. See
Annex B.

NOTE|2 MaximUm effective output power (distortion-limited at 10 %) is specified by JEITA CP-1301A [2].

15.6.|5 Regulation

15.6.5.1 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 impedance is
disconnected, the source e.m.f. remaining constant.

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

15.6.5.2 Method of measurement
The amplifier is brought under standard measuring conditions.

a) The output voltage U, is measured.
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b) The load is disconnected, the source e.m.f. remaining constant, and the output voltage U>'

c)

is measured.
The regulation is:

Up'-U»z
U2z

x 100 %

The regulation level is 20 Ig (U,'/U5)

the power suply circuit.

15.66 Overload restoring time

15.606.1 Characteristic to be specified

The |time interval (which occurs after the amplifier working under standard meas
condj|tions is overloaded by a certain amount for a specified period)‘hetween the mo

whern the input voltage is restored to its original value and the moment when the o
voltapge has again reached its original value within specified limits (see Figure 5).

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

15.6.6.2 Method of measurement

15.7 | Limiting characteristics

15.71 Overload source e.m.f.

15.71.1 Characteristic to be specified
The maximum<eurce e.m.f. for which an amplifier, connected as for rated conditions and

an appropriate) setting of the volume control, can deliver an output voltage 10 dB beloy
rated distoertion-limited output voltage without exceeding the rated total harmonic distortioh.

The

he amplifier is brought under standard measuring conditions.

T
The source e.m.f. is increased by 20 dB during a time interval of less than one-qy
pgriod of the input signal and kept at this value for approximately 1 s.
T
q
T

he source e.m.f. is then reduced to its:initial value during a time interval of less than
Larter period of the input signal.

he time that passes before both the positive and the negative output peak voltages
r¢ached their final value, within ydB unless otherwise specified, is measured by mea
a|suitable calibrated oscilloscope.

ign of

uring
ment
utput

arter
one-

have
ns of

with
v the

15.7.1.2 Method of measurement

The amplifier is brought under rated conditions.

a)
b)

c)

d)

A distortion meter is connected at the output terminals.

The volume control is adjusted to obtain an output voltage U, of -10 dB referred to the

rated output voltage.

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 distorti
obtained.

The source e.m.f. E is measured.

on is
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15.7.2 Short-term maximum output voltage and power

NOTE See also the related clauses in IEC 60268-5 [3] and IEC 61938.
15.7.2.1 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 (regardless of non-linearity) 1 s after the
application of a specified short tone-burst signal. Each channel is operated independently.

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

IMPORTANT

It is [fundamental to the concept of this characteristic that, for all samples of-a given
amplifier, the measured value of short-term maximum output voltage or power shall not
exceped the value stated by the manufacturer.

15.7.2.2 Method of measurement

The pmplifier is brought under rated conditions with a true r.m.s.-responding level recprder
conngcted to the output terminals.

a) The source e.m.f. is then applied to the amplifier underitest in the form of a sinusoidal
tone burst of 1 s duration and the output voltage U, ofithe amplifier at the time 1 s|from
e start of the pulse is measured from the level recorder chart. The frequency of the|tone
burst shall be 1 kHz unless otherwise stated.

—

NOTE| A 1 s burst of the noise signal simulating normal programme material (see IEC 60268-1) can be {sed if
more ¢onvenient.

b) The source e.m.f. is then increased until/the measured output voltage U, reaches the
aximum.

he value U, is then the short-termgmaximum output voltage and U,2/R, is the shortiterm
aximum output power where R, is the rated load impedance.

d) I the test is repeated, the repetition period of the signal pulses shall be 60 s or greatagr.

-

15.72.3 Values of load impedance to be used for the test

If thel manufacturer states\a’ range of rated load impedances the tests shall be carried ou{ with
the vplue of load impedance giving the highest value of short-term maximum output powgr, or
shorf-term maximum joutput voltage. If the manufacturer does not state a rated shortiterm
output voltage, the value shall be measured with a load impedance of 16 Q, for hous¢hold
equipment andhe like, rated in terms of the voltage or power delivered to a specified|load
impefdance or.range of load impedances.

If thel manufacturer specifies the amplifier in terms of the power delivered at a specified o
voltage; ; i i ; = i

voltage shall be measured with no load.
15.7.3 Long-term maximum output voltage and power

NOTE See also the related clauses in IEC 60268-5 [3] and IEC 61938.

15.7.3.1 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.
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IMPORTANT

It is fundamental to the concept of this characteristic that for all samples of a given
amplifier the measured value of long-term maximum output voltage or power shall not
exceed the value stated by the manufacturer.

15.7.3.2 Method of measurement

The amplifier is brought under rated conditions with a true r.m.s. voltmeter connected to the
output terminals of the apparatus.

(see

b) The output voltage U, is measured 1 min after the application of the signal.

c) The value U, is then the long-term maximum output voltage and U22/R2 is\the longtterm
aximum output power where R, is the rated load impedance.

d) Tlhe signal should be applied for a period no longer than that required for the test.
15.7.3.3 Value of load impedance to be used for the test

If thel manufacturer states a range of rated load impedances the.tests shall be carried ou{ with
the vjalue of load impedance giving the highest value of long-term maximum output power, or
long-term maximum output voltage. If the manufacturer does not state a rated longjterm
output voltage, the value shall be measured with a load(dmpedance of 16 Q, for hous¢hold
equipment and the like, rated in terms of the voltage 6r power delivered to a specified|load
impefdance or range of load impedances.

If thel manufacturer specifies the amplifier in terms’of the power delivered at a specified output
voltape, (such as 100 V or 70V, for 'voltage (ine operation'), the long-term maximum output
voltape shall be measured with no load.

15.73.4 Protective devices

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

If an automatic resetting device operates, the highest output voltage or output power
meagured after the device has reset once shall be taken as the result.

15.74 Temperature-limited output power

15.7.4.1 ~ Characteristic to be specified

The puiput power which the amplifier is capable of supplying continuously, at a speg¢ified
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.

The rated temperature-limited output power may be less than the rated distortion-limited
output power, because in Class AB, B, or D amplifiers, the active devices operating in these
modes reach their maximum temperatures at output powers considerably less than the rated
output power, and the temperature maxima of several devices may be reached at different
output powers. Furthermore, where the d.c. supply to a stage is not stabilized, it is possible
for temperature maxima of different values to occur at two values of output power.
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Amplifiers for which this is the case are satisfactory for amplifying normal speech and music
signals because of the amplitude/time characteristics of these signals (see 15.12.3.1, Note 1).

15.7.4.2 Method of measurement

Provisional tests at different output powers shall be made to determine the components which
are likely to reach their limiting temperature. Appropriate thermometers are mounted on the
components selected according to these provisional tests.

a) The amplifier, mounted in a specified way, is then brought under standard measuring
conditions except that the power supply voltage is adjusted to the upper limit of tolerance
8 3 v i Her— : re—ambient

b) The source e.m.f. is adjusted in steps to increase the output voltage U,, waiting.after [each
step until the thermometer readings have become practically constant. This‘procedyre is
maintained until at a certain output voltage U,' one of the components reaches its| limit
tgmperature.

c) The temperature limited output power is U2'2/R2, where R, is the rated.{0ad impedancg.

The amplifier shall have worked continuously for at least 4 h under, the conditions spegified
before final temperature readings are made.

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

15.8| Characteristics of protection circuits
15.8/1 General
Protgction circuits in amplifiers may be classified as follows:

rotection against excessive load current, or potentially damaging combinations of|load
bltage and current;

p

v
plotection against the presence-of d.c. voltage between the load terminals (d.c. ¢ffset
plotection);

pfotection against potentially’damaging input signals (for example, excessive amplitude at
h|gh frequencies).

Protgction of types a)-and c) are mainly intended to protect the components of the amplifier.
Protgction of type (b)~may protect amplifier components, but is also intended to prtect
components in the _load, such as loudspeaker voice-coils, which can be damaged by direct
currgnt (a situation which has been reported to give rise to safety hazards). The design qf the
d.c. [protection) circuit usually involves a compromise between sensitivity and spegd of
respgnse, <This is because the circuit should not respond to large-amplitude low-freqyency
signdlsy but should respond to a relatively small d.c. voltage. This is achieved by low{pass
filtering,vand 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
loudspeakers used with the amplifier, and may result in damage to them. A different
compromise may result in a protection circuit which does not respond quickly enough to
prevent damage to the components of the load. For the above reasons, the characteristics of
d.c. offset protection circuits should be included in amplifier specifications. At present, no
methods of measurement of these characteristics are known that can be made without access
to the internal circuits of the amplifier. Subclause 15.8.3 therefore gives methods which
should be used only by the manufacturer, and consequently the names of the characteristics
include the word 'rated'.
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15.8.2 Protection against potentially damaging combinations of output voltage
and current

15.8.2.1 Characteristic to be specified

The output current/output voltage characteristic of the amplifier, measured using the test
signal and method described in 15.8.2.2 and 15.8.2.3 and presented graphically, with output
voltage as abscissa and output current as ordinate.

If the amplifier does not incorporate protection circuits of the relevant type, the application of
the test described below can cause damage.

The llnanufacturer is recommended to present these data in the specification.

15.82.2 Test signal and load network

The fest signal consists of a sinusoidal signal whose frequency is 20 Hz, to-which is added
positlve and negative pulses of 50 us duration and 500 Hz repetition rate” The amplituge of
the 20 Hz signal is chosen to drive the amplifier to its voltage clipping limits, whilge the
ampl|tude of the pulses takes the amplifier alternately into its currept-overload limits. A dircuit
for génerating the test signal is given in the bibliography [4].

NOTE| For amplifiers having a restricted effective frequency range, othensuitable test frequencies can be chosen
and stated with the results.

The load network, for amplifiers designed to feed low<ithpedance loudspeakers, consisty of a
40 uk capacitor, in series with a 1 Q resistor. For other amplifiers, the values may be scaled.
The 40 uF capacitor limits the current due to the 20 Hz signal to a low value, whereas fqr the
shorf] pulses the effective load impedance is of‘the order of 1 QQ, and a high output currgnt is
prodiiced.

dissipation in the amplifier. The dissipation in the 1 Q resistor is much lower than the rated

Usin} this signal and load network, the measurement may be made without causing excegsive
outpyt power of the amplifier, because of the value of the output current duty cycle.

15.8.2.3 Method of measurement

a) The amplifier is breught under standard measuring conditions and the test dircuit
cpnfiguration is then'changed to that shown in Figure 6a.

b) Aldjust the oscilloscope sensitivities to 20 V/div for X-deflection and 5 V/div (equivalgnt to
A/div since.thé voltage is developed across a 1 Q resistor) for Y-deflection (or pther

A
5
sfated values-if necessary).
W
g

c) ith zerosignal input, adjust the spot on the oscilloscope screen to the centre of the

Faticule.

d) ply the 20 Hz signal and increase the input em.f. until the output voltage shows
significant clipping.

e) Apply the pulse signal in addition, for as short a time as is necessary to record the display
(for example, photographically). The input e.m.f. shall be adjusted so that hard
current-limiting occurs, as shown by the display.

f) Adjust the bright-up delay control for a clear display and record the display.
15.8.2.4 Presentation of results

The results are presented graphically, using scales of 20 V/div for the abscissa and 5 A/div for
the ordinate. Other stated scales may be used if necessary. An example is given in Figure 6b.

NOTE Presentation as line-drawing might be preferable to direct reproduction of a photograph.
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15.8.3 Characteristics of d.c. offset protection circuits

NOTE These characteristics do not apply to amplifiers with only capacitive coupling to the load terminals.
15.8.3.1  Characteristics to be specified
The following characteristics should be specified:

a) rated maximum offset voltage at the load terminals, stated by the manufacturer in the
specification, that does not operate the protection circuit;

b) rated response time of the protection circuit, optionally stated by the manufacturer in the
specification, to an offset voltage of 30 % of the highest d.c. supply voltage (see item d) of
1p.8.3.2.1) of the amplifier output stage;

c) rated maximum residual d.c. voltage, optionally stated by the manufacturer/in the
specification, across the load terminals when the protection circuit is operating,, or

d) rgted maximum percentage of the rated output power, optionally (stated by| the
nmlanufacturer in the specification, represented by the rated maximum residual d.c. vollage.

If thg values are different, depending on the presence or absence of @isignal, or of different
polarjties of offset voltage, the higher value, and the corresponding| signal condition apd/or
polarjty of the offset voltage, shall be stated.

15.8.3.2 Methods of measurement

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

The procedure is as follows:

a) Tlhe amplifier is brought under standard’ measuring conditions, and the input signal
flequency is then changed to 20 Hz*' A d.c. oscilloscope and a d.c. voltmeter are

cpbnnected to the load terminals.

b) The d.c. balance of the amplifieriis then slowly changed, by a suitable method which
depends on the detailed design of the circuit and cannot be standardized, and the
aximum reading on the d.e.-voltmeter, before the protection circuit operates, is npted.

his is the maximum offset\voltage that does not operate the protection circuit.

c) 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. votage

across the load terminals when the protection circuit is operating.

d) Tlhe d.c. batance of the amplifier is then restored to normal, and the source e.m.f. reduced
zero. By ‘means of a suitable d.c. supply and switch, a d.c. voltage is applied tp the
internal-circuits of the amplifier, which would produce, in the absence of the protection
cjrcuit,ja d.c offset voltage at the load terminals of 30 % of the d.c. supply voltage gf the
oputput 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 nof 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) ltems 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.
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15.8.3.2.2 Methods of measurement for amplifiers which intermittently sense
the d.c. offset condition

The same procedure as in 15.8.3.2.1 is followed, except that the test described in items a) to
c) is only carried out with the input source e.m.f. set at zero. The measurements in items b)
and c) shall be made after the protection circuit has operated several times, for example, after
60 s. A calibrated storage oscilloscope or equivalent is useful for observing the variation of
the offset voltage and measuring its values.

In order to investigate fully the operation of the protection circuit, it may be necessary to carry
out further tests, simulating component failures. The nature of the necessary tests may be
decided by examining the circuit diagram of the amplifier.

15.9| Sustaining-time for rated (distortion-limited) output voltage or power
15.91 General

Clipping level is the level, expressed in decibels referred to a stated reference, of the oputput
signdl of an amplifier, above which the total harmonic distortion rises~rapidly. Normally, the
peakp of the waveform of a sinusoidal signal, displayed on an osgcillescope, become vjsibly
clippgd at this level.

The amplitude/time characteristics of speech and music signals”are such that if an amplifier is
opergted with an uncompressed speech or music signal input, whose level is adjusted sq that
the dutput signal is just clipped on peaks, but not sufficiently to cause serious impairmgnt of
subjgctive sound quality, the average output signalklevel is approximately 10 dB below the
clipping level. For the amplification of uncompressed speech and music signals thergfore,
therd is no need for the amplifier to be able te.reproduce signals at clipping level for more
than ja few tens of milliseconds.

Howegver, sound system amplifiers may*be called upon to reproduce tone signals| and
comgressed speech and music signals. While, in a well-designed system, these signals
shou|d not greatly increase the time.for which the amplifier may have to reproduce sign‘ils at

clipping level (because this would involve loss of sound quality and increased heat-dissipation
in lopdspeakers), some increase is bound to occur, and high-level signals may occdrr by
accident, for example, if a microphone is dropped. The amplifier also has to produce high-
levellsignals during measurements according to this document (see 15.6.3, 15.7.2 and 15.7.3),
and {he time-period is specified in some of these subclauses. These measurements hapye to
be carried out in ordet to produce a properly complete specification for the amplifier.

Another consideration is that the relationship between clipping level and the level of the rated
(distgrtion-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. See Table 1.

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.
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It should be noted that the above three specifications relate to the same amplifier. The rated
output voltage or power is thus NOT a reliable guide to the true output capabilities of an
amplifier, which is why additional characteristics have been standardized in 15.7.2 and 15.7.3.

A further consideration is that operation for an extended period at an output level near the
clipping level is likely to result in overheating; the heating effect is much less with speech and
music signals, and results in the concept of temperature-limited output power (see 15.7.4). It
should be noted that, for most amplifier designs, it is the power supply components, not the
output stage devices, which overheat under high output power conditions. Protection against
over-heating may be provided

y—autonTatic Tmeans —which—atteruate—the—mput—sigmat,thus—attowimg—the—amptifier to
bntinue working more or less normally, or

b
c
— bl automatic means which disconnect the load, thus preventing the amplifier from wofrking
nprmally but allowing it to continue to work normally when the high-level©Output [s no
dnger demanded, or

— by the operation of fuses or cut-outs, which require an operator to replace or reset.

In applications such as sound systems for emergency purposes,~it)is essential thaf the
ampl|fier continues to work normally under all possible conditions.(ltlis therefore justifigd, in
such|cases, to require the time for which the amplifier can producethigh-level output signals to
be specified. It is not essential for this time to be specified if.the’ amplifier is required far the
normjal reproduction of speech and music signals, especiallytinthe context of household high-
fidelity systems, where, in a properly designed and adjusted system, the amplifier should not
be dhiven near, or into, clipping even for brief periods.

15.92 Characteristic to be specified

The fime for which the amplifier can produce rated distortion-limited output voltage or power.
The nated value shall be stated by the manufacturer in the specification.

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

a) The method described.in 15.6.3.2 is used, the amplifier being operated under fated
cpnditions for a measured period of time, ending when the rated distortion-limited output
bwer or voltage-canh no longer be achieved at the rated total harmonic distortion, ¢r for
D min, whichever'is less.

iring thé test are similar to those which occur when the amplifier is in normal use.

he résults shall be expressed as the time, measured as in item a) above, in seconfls or
inutes, as appropriate, or as 'greater than 60 min', if that is the case.

p
6

b) Clare shall<be* taken that the conditions of ventilation and any other means of cooling
d
c) T
m

15.10 Gain
15.10.1 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. E; under
standard measuring conditions.

NOTE In item b), the difference between the voltage at the input terminals and the e.m.f. of the source is taken
into account.
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15.10.2 Maximum e.m.f. gain
15.10.2.1 Characteristic to be specified
The e.m.f. gain measured with the volume control set at the position for maximum gain and

the source e.m.f. being set so as to restore the output voltage for standard measuring
conditions.

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

15.10.2.2 Method of measurement

The amplifier is brought under standard measuring conditions.

a) Tlhe volume control is readjusted to the position for maximum gain and the source ¢.m.f.
decreased to restore the initial output voltage for standard measuring conditiens.

b) The output voltage U, is measured.

c) The source e.m.f. Eg is measured.

d) The maximum e.m.f. gain is expressed, either as a ratio U,/E, orfin,decibels 20 Ig Uy/E,.

15.19.3 Attenuation characteristic of the volume control

15.10.3.1 Characteristic to be specified

The attenuation of the volume control, expressed in detibels, as a function of the mechgnical
positjon of the control (for example, angle of retation from a specified position).| The
characteristic may be expressed graphically.

It shpuld be taken into account that the attenuation characteristic may be a function of
frequency, either intentionally, as in a 'loudness control' (physiologically-compensated|gain
contrpl) or otherwise. If there is more _than one volume control, the characteristic of [each
control should be specified.

NOTE| Where ganged volume controls, are“used to control the gains of more than one channel together, the gain
differgnces between channels are functions of the volume control position, and such gain differences are offen an
important characteristic which canalso be specified by the manufacturer.

The mnanufacturer may optionally present these data in the specification.

15.10.3.2 Method 'of measurement

The amplifier_i§/brought under standard measuring conditions, except that the volume cagntrol
is sef to the.position of maximum gain.

the volume control is noted and the output voltage U," measured.

c) The ratio of the output voltage at maximum gain U, to the output voltage measured at
each step U,' is, expressed in decibels, 20 Ig (U,/Uy'").

d) These ratios are presented as a tabulation or graphically as a function of the position of
the volume control.

e) This measurement may be repeated at other frequencies (see note).
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 The results obtained in item e) of this method can also be used to present graphs of gain-frequency
response at various settings of the volume control or 'loudness control'.
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15.10.4 Attenuation characteristic of balance controls for multi-channel equipment

15.10.4.1 Characteristic to be specified

The attenuation of the balance control, expressed in decibels, as a function of the mechanical

position of the control (for example, angle of rotation from a given datum).
The manufacturer may optionally present these data in the specification.

15.10.4.2 Method of measurement

The ;

adjugqted to produce maximum gain in the channel first to be measured, the source-\q
being applied only to this channel. It may be necessary to reduce the source e.m.f{tovpr¢
the rated output voltage or power being exceeded.

a) The output voltage U, is measured.

b) The balance control is then adjusted in successive steps; after each step, the positi
the balance control is noted and the output voltage U,' measured.

c) The ratio of the output voltage at maximum gain U, to the odtput voltage measur
epch step U,' is, expressed in decibels, 20 Ig (U,/Uy'").

d) Tlhese ratios are presented graphically as a function of position of the balance control

e) Tlhe measurement is repeated for other channel(s) controlled by the balance control |

easured.
f) The measurement may be repeated at other frequencies.

NOTE| It is usual to plot the characteristic of all channels ‘controlled by the same balance control on the
graph

15.11 Response
15.11.1 Gain-frequency response
15.11.1.1 Characteristic to be specified

Varigtion, as a function of frequency, of the e.m.f. gain (ratio of the output voltage t
sour¢e e.m.f.), expressed in decibels, relative to its value at a specified reference freqy
(normally the standard reference frequency).

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

15.11.1.2 Method of measurement

The amplifier is brought under standard measuring conditions, with the source at the spe

ntrol
.m.f.
bvent

bn of

bd at

being

same

b the
ency

cified

frequeney.

a) The source e.m.f. E and the output voltage U, are measured.

b) 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.

c) 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,).
d) These ratios are presented graphically as a function of frequency.
15.11.1.3 Equalizing amplifiers
The frequency response of an equalizing amplifier with specified equalizing character

shall be measured by the method described in 15.11.1.2, adjusting the source e.m.f. at
frequency in accordance with the inverse of the specified equalizing characteristic.

istics
each
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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 [5] specifies a relationship between the recorded velocity on a disk record and the output
voltage of the amplifier. Unless otherwise specified, it is usual to compare the response of the amplifier itself with
this specified relationship (thus assuming a transducer having an ideal frequency response).

If the response of an equalizing amplifier is designed to compensate deficiencies in the
frequency characteristic of a particular transducer, this should be stated by the manufacturer.

15.11.2—Gain-limited effective frequency range
15.11.2.1 Characteristic to be specified

The {frequency range within which the deviations from the required frequency response ynder
standard measuring conditions do not exceed stated limits.

The manufacturer is recommended to state the rated value in the specification.

15.11.2.2 Method of measurement

The fffective frequency range is obtained from the graph grepared according to 15./11.1,
undef standard measuring conditions.

15.11.3 Distortion-limited effective frequency range
15.11.3.1 Characteristic to be specified

The frequency range within which the output power or voltage obtained at rated total harmonic
distoftion exceeds a specified fraction of the'rated value.

Unless otherwise stated, the specified \fraction shall be one-half in terms of power, or 43 dB
wher| expressed in decibels.

It is Lecommended that the manufacturer state the rated value in the specification.
NOTE| The deprecated term "power bandwidth" is often used for this characteristic.
15.11.3.2 Method of measurement

The |distortion-limited effective frequency range may be determined from the distoftion-
frequency curves prepared according to 15.12.4.1.

15.11.4 ,Phase-frequency response

15.11.4.1 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.

Instead of the phase-frequency response, the time delay may be given as a function of
frequency.

15.11.4.2 Method of measurement

The amplifier is brought under standard measuring conditions.
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a)
b)

c)

NOTE| For equalizing amplifiers, see 15.11.1.3.
15.12 Amplitude non-linearity
15.12.1 General

A general explanation of amplitude non-linearity can be found in IEC 60268-2.

15.12.2 Rated total harmonic distortion, characteristic to be specified

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

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

The phase difference Ag is expressed as a function of frequency, or as a time difference
in microseconds, and presented as a graph:

7= (A@/360f) x 108

with Ap expressed in degrees (°).

The |value of total harmonic distortion stated by the manufacturer in the specificatign or
speclfied in an IEC standard, above which the performancelof the amplifier is considered

unacteptable for the intended purpose.

NOTE| Published research on distortion perception by the humah, ear suggests that the limiting value of disfortion

for mgst purposes is in the order of 1 %. The overload restoring\time is also significant; see 15.6.6.
15.12.3 Total harmonic distortion under standard measuring conditions

15.12.3.1 Characteristic to be specified

The |total harmonic distortion, whensthe amplifier is working under standard measpring

condjtions.

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

the r¢asons given below.

NOTE|1 In a properly designed system, the amplifier operates for most of the time with its output voltage|in the
order |of 10 dB below the‘\tated distortion-limited output voltage, due to the amplitude probability distribufion 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 thiat the
distorfion does (hot rise at lower output voltages due to cross-over distortion. In contrast, the rated total hafmonic

distorfion is a-semewhat arbitrarily chosen limiting value.

15.12.322 Method of measurement

a)

b)

c)

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 is best, 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.

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 U,' (due to distortion) is measured and, if necessary, corrected for the
pass-band attenuation of the filter.
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The source e.m.f. is reduced to zero and the output voltage U," is measured. Unless this
voltage is less than one-third of U,', 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 15.12.5) shall be used.

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

dtOt = (Uz'/Uz) X 100 %

as a percentage, or:

r decibels (dB).

NOTE|1 If the total harmonic distortion is measured at a frequency high enough(for significant components|of the
harmagnic spectrum (see last paragraph of this 15.12.4.1) to be above the upper limit of the gain-limited effective
frequgncy range (see 15.11.2), the measured value of total harmonic distortion is very likely (depending ¢n the
desigr of the amplifier) to be misleadingly low. The higher the order of theshighest significant harmonic, the|lower

the fupdamental frequency at which this effect becomes important.

Care|is necessary to ensure that the frequencies of Sighificant distortion components dp not

fall apove the upper frequency limit of the analyser.

NOTE[2 For example, if the upper limit of the gain-limited-effective frequency range is 30 kHz, and the hfighest
signifipant harmonic is the fifth, the highest fundamentalArequency for which a value of total harmonic distortion is
valid |s (30/5) kHz, that is, 6 kHz. If the highest significant harmonic were the third, however, values of total

harmanic distortion could be stated for frequenciesup to (30/3) kHz, that is, 10 kHz.

The nanufacturer may optionally present these data in the specification.

Some¢ amplifiers produce a speetrum of harmonics including small but measurable harmpnics
of high orders. The highest frequency component of this spectrum, the amplitude of which is
significant, may in general.be‘taken as the highest harmonic whose r.m.s. value (see 15./12.5)
excegds one-third of the.total harmonic distortion at the same fundamental frequendy. In

somg cases a differentcriterion may be necessary, in which case it shall be stated.

15.12.4.2 Method of measurement

The procedure’is as follows:

a)
b)

c)

Thetotal harmonic distortion is determined as given in 15.12.3.2.

The measurements are then repeated at teast at three other frequencies up to the limit
indicated in the notes of 15.12.4.1 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 15.12.3.2.

The results of the test are presented graphically.

15.12.5 Harmonic distortion of the nth order under standard measuring conditions

15.12.5.1 Characteristic to be specified

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

15.12.5.2 Method of measurement

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

a) 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

b)

d)

e)

15.12.6 Harmonic distortion of the nth order as a function of amplitude and frequen
15.12.6.1 Characteristic to-be specified

The [total harmonic distortion of the nth order under standard measuring conditions
15.12.5), determined for different frequencies and output voltages.

The fnanufacturerinay optionally present these data in the specification.

NOTE|1 This.niethod is preferred when noise affects the wide-band method given in 15.12.4.

NOTE|2{ 8¢e last paragraph of 15.12.4.1.

vpiagetobereasured:

he level of the nth order harmonic distortion in the source of signals shall be at
10 dB below the lowest level of distortion to be measured. As an alternative to\meas
epch harmonic frequency in turn using bandpass filters or a wave analysefr{-a speq
ahalyser may be used to measure the amplitudes of several distortion_componentg
the fundamental simultaneously.

he output voltage U, ' of the filter is measured and corrected if necessary for the |
and attenuation of the filter. Due to the narrow measuring bandwidth a true r.m.s. 1
ig not essential for the measurement of U, '

o -

Tlhe source e.m.f. is reduced to zero and the output voltageimeasured. Unless this vo
ig less than one-third of the voltage U, ,', the measuremeént-is being affected by noi
purious signals and the results shall be discarded.

S
Tlhe harmonic distortion of the nth order can be detefmined by the formulae:
d, = (Us, ,'1Up) x00 %

ap a percentage, or:

Ly, =20 Ig (d,/100)

i decibels (dB).

least
uring
trum

and

hass-
neter

Itage
5e or

cy

(see

15.12.6.2 Method of measurement

The procedure is as follows:

a)
b)

c)

d)

The harmonic distortion of the nth order is determined as given in 15.12.5.2.
The measurements are then repeated, at least at three other frequencies up to the

limit

indicated in the notes of 15.12.4.1, at other values of output voltage U, up to and beyond

the rated distortion-limited output voltage and at other values of harmonic order.

To ensure the accuracy of each measurement it is essential to repeat the test accordi
item d) of 15.12.5.2.

ng to

The total harmonic distortion under the given conditions can be determined by the

formulae:


https://iecnorm.com/api/?name=492cb2af148b9aff58b4068f01a1deff

e)

1517

The following characteristics should be specified:

b)
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[E“’,ZU'QZ ]1/2
dtot:ni—’nx 100 %
U2

as a percentage, or:
Ly tot = 20 1g (di1/100)

in decibels (dB).
The results of the test are presented graphically.

fen=2o0rn=3)

Modulation distortion of the second order

When £, and f, are the frequencies of two sinusoidal input signals-of specified ampljtude
ratio, the second-order modulation distortion is given by the ratio of the arithmetic sym of
the output voltages at frequencies f, + f; and f, — f; to the output-voltage at frequency 1.

Modulation distortion of the third order

When f1 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
olitput voltages at frequencies f, + 2f; and f, — 2f; to(the output voltage at frequency f>.

Unles$s a spectrum analyser is used, making it possible to make an immediate identificatipn of

the
sho

highgst significant harmonic is the fifth, thenf; should not exceed f5/8.

It is
the

limit pf that range.

viarious components of the output voltage, f£and f, should be chosen as follows: f; - 2f
uld preferably be higher in frequency than, the highest significant harmonic of f;; if the

Jesirable to choose f; to be between 0,5 octave and 1,5 octaves above the lower limit of
fective frequency range and f;to be between 0,5 octave to 1,5 octaves below the Upper

If thg amplifier to be measured includes equalization, the amplitude ratio shall be adjusted to

the

specified value, preferably 4:1, at a point (usually either the input or output of the amplifier)

where, when the amplifier is in use, the spectral distribution of the signal is normal} For

exa
has

recornder has asnormal signal spectrum at its input.

Itis

15.12-F2—Method-ofmeasurement

mple, an equalizing amplifier for a magnetic pick-up cartridge for analogue disk re¢ords
g normal signal.Spectrum at its output, whereas a recording amplifier for a magnetic|tape

necommended that the manufacturer present these data in the specification.

The amplifier is brought under standard measuring conditions.

a)

b)

It is 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 7). The
combined value of this shunt resistor in parallel with the series resistors shall be equal to
the rated source impedance of the amplifier.

Each source is connected in turn by means of the switch. The source e.m.f. at the
frequency f; is adjusted to produce an output voltage U, ¢ of 12 dB below the rated output
voltage and the source e.m.f. at f,, for an amplitude ratio of 4:1, to produce an output
voltage U, s, 24 dB below the rated output voltage.
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