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INTERNATIONAL ELECTROTECHNICAL COMMISSION -

H . ‘s

~ METHODS OF MEASUREMENT FOR RADIO TRANSMITTERS
‘@ L . . s

Part 4: Am-p}sitﬁde/fiequcncy char&er.istigé .~ﬁnd“'n0niliﬁé§rity distortion

in fransmit't'éfs"_l’df”fﬁﬂiB?:Efephony and sound broadcasting

. ——
™ .
. w

FOREWORD 3
1) The formal decisions or agreements of the IEC on technical maltters, brcl‘)arcd by Technical Committees on which all the
National Committces having a special interest therein are represented, cxpress, as ncarly as possible, an international
consensus of opinion on the subjects dealt with. ’ o

) N 1
2) They have the form of recommendations for international use and they are accepted by the National Committees in that
scnse. ’ :

| ’ ' H
3) "In order to promote jnternationa! unification, the IEC expresses the wish that all National Committees should adopt
the text of the IEC recommendation for their national rules in so far as national conditions will permit. Any divergence

between the TEC recommendations and the corresponding national rules should, as far as possible, be clearly indicated
in the latter. . . -

VLS PREFACE Pl =

ol

This recommendation has been prepared by Sub-Comniittee 12C; Radio "Transmitting Equipment, of IEC Technical
Commitlee No. 12, Radiocommunications. : ' .

Several drafts were discussed at meetings held in Lidingslin Jane 1§66; in-Baden in May 1967 and in Baden-Baden in May
1968. As a result of this latter;meeting, final.drafts of the various sectionsand’appendices,-documents'12C(Central Office)75,

76 and 79, were submitted to the National Committees for approvabunder the)Six Months® Rule in January 1971 and
May 1971. ) :

The following countries voted explicitly in favour of publication of Section Cne and the appendices of this recommendation:
. I i R e E ] )

i )
. :

Australia . ' . TIran - o : Sweden

Belgium ’ . Israel ;! “o . Switzerland -

Canada ‘Ttaly . Turkey

Denmark - Japan . . N Uhnited Kingdom

France . i Netherlands - i5° United States of America |,
Germany ' Portugal o N ’ :
Hungary Romania- : ’ e

i ) E . .
The following countries voted explicitly in favour of publication of Section Two of this recommendation: R
!

Australia L Iran ' - Switzerland

Belgium . Israel ; ': i Turkey
Czechoslovakia . Italy -~ : Union of Soviet
_ Denmark Japan ¢~ Socialist Republics
France Netherlands R _ United Kingdom
i - Germany " Portugal” 1 United States of America'
Hungary. : Sweden 3 _ !
] b}
. \" .}‘\.. ' .
s : "
i X .
g T i " o
ﬁ N 0 § \
1 S
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METI—IODS OF MEASUREMENT FOR RADIO TRANSMITTERS

Part.4: Amplitude/frequency characteristics and non-linearity distortion

. in transmitters for radiotelephony and sound broadcasting
:bé ' . .l

_ InTRODUCTION;

This recommendation forms Part 4 of a recommendation which, when completed will describe recom-
mended methods of measurement for assessmg the performance of radio transmitters for various classes
of emission.

Information of a general character and referenices to recommendatlons of other mtcrnatloml organiz-
ations have been added in the appendices of this recommendation.

In due course, Part 4 will be supplemented with Sectxon Three: Non—lmearlty distortion, including
harmonic distortion and mtermodulatlon

thre references are m'lde in Part 4 to other parts of the complete recommend'mon (IEC Publlm-

tion 244), these references concern the following IEC pubhcatl\)ns s
Publication 244-1: ~ Part 1: Generdl conditions of measurement frequency, output power and power
- (First edition, '1968) ' consumption.

Publication 244-1A: & First supplement to Publication 244-1 (1968) — Appendrces

(First cdition, 1968) - \

Publication 244-2: . Part 23 Bandwidth, out-of-band power and power of non-essential oscillations.
(First edition, 1969) (s : iteh.ap—

Publication. 244-2A: ..\ First. supplement to-Publication 244-2 (1969) — Appendices.

(First edition, 1969) = : : : 4 291009 R ‘
Publication 244-2B: Second, supplement to Publication 2442 (1969) — Moduldting signals for the

(First edition, 1969) .  measurement ;ofsbandwidth > and out-of‘band power of transmrttcrs for
- telephony and sound broadcastmg :
Publication 244-3: Part 3: Wanted and unwanted modulatron

(First edition, 1972) S .
Publication 244-3A: . First supplement to Publication 244-3 (1972) — Appendices.

(First edition, 1971) . : : ’ . ,
Publication 244-3B: . Second supplement to Publication 244-3 (1972) — Unwanted modulation; in-

(First edition, 1972)  cluding hum and noise modulation. :
Publication 244-5: Part 5: Measurements particular to transmitters and transposers for mono-
(First edition, 1971) '~ chrome and colour television. ’ -

* Publication 244-5A: ' First supplement to Publication 244-5 (1971) — Appendices.

(First edition, 1971) - S . )
Publication 244-5B:- . Second supplement to Publication 244-5 (1971) — Amplitude/frequency: charac-
i tetlSth group-delay and distortion, including differential gain and differential
' ;'1 phase (in preparatlon) g {

In due course, the recommendatlon will be supplemented wnla the followmg part:
Part 6: Cabmet radiation and terminal interference volt'lges ¢ i

The relation between this part and the other parts of the recom;’nendation ls shown in the table on page9.

~ A separate IEC pubhcatron, Wthh is under consideration, wrll deal with transmlttcrs used in radio-
relay systems,



TABLE SHOWING THE RELATION BETWEEN THE VARIOUS PARTS OF 1EC PUBLICATION 244

From sources
other than the

acrial

r,
&

Ty

“ At the radio-

— frequency output

Unwanted
components

Emission

Wanted
components

At the radio-
frequency output

| In the presence of
modulating signal

In the absence of

5/ miodulatingsignal T

In the presence of

T~ modulating signal —

In the absence of
~ modulating signal

1) Amplitude-modulation transmitters only. o
%) For transmitters for monochrome and colour television, see I EC Publication 244-5.

* Under consideration,

** See IEC Publication 244-3B,

Part 6 *

Inside and outside
the necessary band. o

Cabinet radiation

e

/

Publication 244:2

Remote from the -
limits of the necessary —|
band

Section Three — Non-
essential oscillations

Just outside the

limits of the necessary —

band

TR

Section Two — Out-of-

band Q,S.(.:iuations':"' e

Publication 244-4

Section Two — Ampli-
tude/lrequency charac-
teristics 2)

In the occupied band —|

Section Three — Non-
linearity distortion 2)

: Publication 244-3

In.the occupied band /==

Section Five ** — Un-

wanted modulation 2)
Synchronous :
Asynchronous

i a1

4

“Section Four — Carricr-

amplitude variation ¥)

In the océ:upied band ——|

Séctions Ox{c, Two and
Three — Wanted modu-
latton %)

S U S

Publication 244-1

In the occupic;! band ——

Section Three — Peak
envelope power- 1+ 2)
Mean power 1)

Carrier power

LS

Section Two — Fre-
quency stability

Wanted
signal

Rt
i



I.  Object IR T o LY -

. 1 i (] Y
This recommendation is mtended to standardlza the measurement of the performance of radio
transmitters and, thus, to make meaningful the companson of measurements made by dxﬂ'crcnt
obscrvers. co )

' Y & : i
Itis confined to ;Biving details of sclected methods for those parameters for which unrcllqblc or
"\'nbxguous results may be obtained if varying methods or conditions are used. The methods are
neither mandatory'nor limiting; a choice can be made in eacl{ particular case. If necessary, additional
measurements may be performed, but these shall prcfcrably comply with the requirements of othcr

[EC publications;"or recommendations of other mtematlonal bodies.

.-

Limiting values for acceptable perf‘ormanc_c are not specified as these should be given in the
cquipment specification, They should preferably be specified in the form given in the appropriate
1EC recommendation when this is published. :

The methods of measurement detailed in this recommendation are intended for type tests, but
they may also be used for acceptance tests and factory tests; see Clause 3 of TEC Publication 244-1.

2. Scope

This part, which shall be used in conjunctxon w1th IEG Pubhcatlon 244-1. and, if apphmble
with other parts, descnbes the conditions and methods to. be used to_measure the quality of the
signal at the output of the trapsmitter. A K - YILY

The methods 'u'e applicable to': rds '-!

— amplitude-modulated transmitters with full camer, elther for radtotelephony or sound broad-
casting;

— amplitude-modulated transmitters with reduced or. suppressed camer, either for smgle channel
or multk\‘hannel radlotelephony with not more than four channels;

— frequcncy-modulated transmitters for monophonic sound broadcasting.*

In certain cases they may also be used for amphtude-modulated transmltters with reduced or
suppressed carrier for multi- channel voice-frequency telegraphy.

SECTION ONE — GENERAL CONDITIONS OF OPERATION *
AND MODULATION INPUT SIGNAL ARRANGEMENTS,
i ) ! L .

3. Intro(luctlon ¢

Various forms of dlstortlon may be ldenuﬁed (see reference [4] of Appendix A). In this part of
the tccommendatxon the number of measuréd characteristics have been limited to those which are
directly related tothe quality of the sngnal at the output of the transmltter |

Section Two deals thh the measurement of the 'irnplltude/modulatlon-t’requency and amphtudc/
radio-frequency cliaracteristics, and crosstalk as far as mtelllglbie (or linear) crosstalk is congerned.

! i . S 1
o . . R S S i
* Special measurements for stereophonic sound broadcasting are under consxc!eratlon. S =
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)
General con(lxtlons of operation

4,

5.2

1) Thc transmitter shall be adjusted to deliver rated output power,

Sz.cuon Three' (under consxdcralnon) will dcscnbc mclhods f'or mcasurmg thosc characteristics
which 'lrc due to the non-lincar transmission propcrt:cs of the transmitter, viz. the harmonlc distor-
tion, mtcrmodulanon distortion and umntelhglb]c (or non- linearity) crosstalk.

The opcratmg and measuring conditions spemﬁed lmthxs section apply to the measurcments

dcscrlbcd in Sections Two and Three. !

ll
y

-The transmittér shall be operated under the following condmons'

a) Unless otherwise agreed, any separate device to match the aerial to the aerial transmlssnon line

is excluded.
|

b) The equipment under test shall include auxiliary devices such as pre-amplifiers, band-pass filters
for limiting the band of emitted frequencies, multiplexing equipment for multi- channel emissions
and networks for providing pre-emphasis, if such dcvxces are covered in the cqunpment specifi-
cation.

¢) Unless otherwise specified, devices to achievé privacy in radiotelephony emissions and cquip-
ment having non-linear characteristics (e.g. comprcssors limiting amplifiers, amplifiers.containing
clipping devices, devices for automatic load [or level] control, etc.) shall be disabled. Assessing
the performance of these devices may be the subject of separate measurements.

d) The transmitter shall be connected to a test load, theiixl_ﬁ)edance of which shall meet the following
requirements: :

1) For trans'mitters desiéned to be connected to a tran;smissioh line with a-specified characteristic
impedance, the nominal| value of (thelimpedancetshall-be equal to the specified characteristic
impedanceé. The actual impedance shall be within tlie tolerances for normal loading conditions
stated in the equipment specnﬁcatlon andrshall bejsubstantially constant over the {requency
band occupxed

Mp/St g

2) In the special case of low-power transmitters, t}ie"‘output of which is directly connécted to
the aerial; and in those cases where, in contrast to the normal conditions given in Item a),
the measurements are to be made with the separate aerial matching device mcluded the
provisions of IE C Publication 244-2, Sub clause 6 1.2, Ttem @), apply. .

e) The volmgc and the frequency power mpply shall be w;thm the tolerances stated in the equip-
ment specification. ) .'_ .

t S . =

Modulation inpui signal arrangements : ' . ' P

i 3

. Input signal source B ‘

o h

The mput sngnal source comprises the audio- frequencyngenerator {or two such generators when
the intermodulation distortion is to be measu_red) and any auxiliary networks used to provide the
correct internal impedance or to combine the signals of the two generators.

t | v
A 1
L : H

-

- -

Internal impedance of signal source R . . o

0

The internal impedance of the 1nput sxgnal source ‘shall be equal to the value requiréd in the

1 - {

equipment specification (see note). "4 : . ) B
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_ 11 this impedance is not specified, and in the absence of any statement to the contrary, the internal
lmpcdanCL\of the signal source shall be equal to the nomx,nal transmitter input impedance (dcfined

in Sub- chuse 7. l b). 1

' ‘i
Note. — In accordance with current practice, the internal impedance is assumed to be a pure resistance.

) For the considerations underlying the requirements of Sub-clause 5.2, refer to Appendix C, Clause 1.

. i '
] .
&

I

5.3 Networks for providing a given source impedance s

When the required source impedance differs from the internal impédatice*of the signal generator,

-a network providing the correct source impedance shall be inserted between the output of the

generator and the input to the transmitter._Examples of such networks are given in Appendix C,
Clause 3.

In most cases, however, a perfect match between the generator and its load is not required.
In this case, the simple arrangement of Figure 1 below, may be used; see also the last paragraph
of Sub-clause 5.4.

S [
| - |
i | [ '
| | A '
I Y |
| . 5 |
s e T
\ -
' ' ja32 0208)73

7
I

sigﬁal generator

T = transmitter
£ = e.m.f. of signal generator
Ry = internal impedance of signal generator

+ R = resistance equal to the reqmrcd source o
impedance Ry — . [
= transmitter input impedance @~ T L
output voltage of signal generator under lo’a’q/ T -
SRR

RS
It

o

"Note. — The internal impedance of the signal source at terminals 3 and 4 is equal to Ry only when Rﬁs negligeably
small comparcd with Ry. However, irrespective, of the value of Ry, the arrangement simulates a signal source
with an apparent source e.m.f. equal to the volhgc U’ across terminals 1 and 2 and an apparent source
impedance equal to Rr.

!
_}- ) ° (Y -

%'; Fig. 1. — Example of audio-frequency ihp{x‘t signal arrangement

1 (for unbalanced input terminals) , _ o .

1

54 Modulation input level
The modulation input level shall be expressed in terms of apparent source e.m.f. The apparent
source e.m.f. is the open circuit voltage of the signal source; see Appendix C, Clausé I.

Y



5.5

6.1

6.2

N

i _‘., - _:: . - -' - [ 8
Alternatively, the modulation input level m'ty be expressed in terms of avallablc mput power
(sec note). The available power P’ can be calculated from the formula.

Y o B | S D)

where:

E" = the appérent source e,nuf, . ¥ ' noo 4' . . e S

Ry = the internal resistance of the signal source.

' 1

Note. — Thc available power corresponds to the maximum power that a srgnal source with a given source resistance -
"“can supply to its load. The available power is cqual to the actual input power only when the transmitter

input resistance is equal to the internal resistance of the s:gnal source,

With the arrangement of Fxgure I, page 15 the apparent source e.m.f, can be determmed by
measuring the output voltage U’ of the signal genetator under load. :

A

For ease of measurement and to ensure a correct impedance match, commercially available
audio-frequency generators designed according to this principle, frequently include an oscillator
with a low intérnal impedance Ry and a resistance R adjustable in steps, in conjunction with a

voltmeter across terminals 1 and 2, calibrated in apparent source e.m.f, oravailable input power,
or both. : ;

Combining networks

For the purpose of the application of two moduhtmg SIgnaIs sxmultaneously, suitable comblmng
networks shall be used to avoid intermodulation in cither. signal generator as a result of interaction.

ot

Examples of such networI\s are given in Appendlx D, : i
y ‘l: o R ’ e
When the source impedance of the combining network differs from that required for the trans-
mitter, a network providing the correct source impedance shall be inserted between the -output of
the combining network and the input to the transmxtter, in accordance with the provnsmns of

Sub-clause 5.3. o P . o

N

Modulation frequencies

i a

Preferred measuring frequencies: PR M

Appendix B lists the preferred measurmg frequencies. These frequenclcs are in accorduncc with -
the Recommendation of the International Organization for Standardization (ISO) on preferred
frequencies foriacoustical measurements mentioned in reference [1] of Appendix A.

" . t .

. ' 1 : - : . .
i . ) i I . . i

Reference modulation Jrequency ' G

The reference modulation frequency shall be 1 kHz.

. i N > B . A
Notes 1. — This value is in accordance with the ISO Recommendation mentioned in Sub-clause 6.1,

1

2. — 800 Hz and 400 Hz may be used féir the tivme,being‘ .

i
‘l . - —

i : ’ it
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SECTION TWO — AMPLITUDE/FREQUENCY CHARACTER]STICS
AND INTELLIGIBLE CROSSTALK

"

7. Input impedance”"

7.1 Definitions

-

Ra ) Transmitter input impedance . '
. PO ’ | : . .
« The complex ratio of the voltage to the current of a smusondal signal. apphcd to the transmntcr
input lcrmmals : R - ‘
h) Nommal Iransm/trer input impedance:

“The transmitter input lmped'mce speCIﬁed by the m'\nuhcturer, preferably at lhe reference
frequency | kHz.

i

Note. -—— The nominal input impedance is assumed to be a pure resistance. . '

7.2 Method of measurement

, The input impedance is determined as a function of frequency over the audio-frequency band
concerned. Any suitable standard measuring technique may be employed.

\ . h ' =

8.  Amplitude/modulation frequency characteristic I -oah _a1) ‘ .
8.1 Application' B ' » . : 79
“ Clause 8 primarily epplies to: 064 sist Pl 0-1999

a) Iransml!rers for sound broadcasting-(A3, F3); but may also be applied to:

b) smgle-c/mnnel and multi- clrannel telephony Iransmmers (A3 A3A, A3B A3H A3J) and.
¢) muln cliannel. voice frequency telegraphy rmnwnrtters (A'IA A7B)

. \ 4

o /’\.

8.2  Definitions

a) Amp/ltude/modulanon frequency characteristic (see Note -
The rclatlonshlp between either ':_ o -

1) the utilization factor (see Note 2).and the frcquency of a smmond’ll modula(mg sngnal of
- _conslant level, or : — //

- _,_‘——-

/
2) the modulaiion signalTevel ¢ and the frequency of a smusondal modulalmg sng,nal I'or a constant
llllllZdllOl] factor (qcc Nole 2) ' . . e .

.
w
Notes 1 — The tem “audio-frequency response’’ may be used. for transmitters for telephony and sound broadcasting.

2. — The tefm “utilization factor’’ applies to 511 classes of emission. For amplitude-modulated .double-side-
: band transmitters (A3), this term may be rcplaced by the term “modulation factor"‘ see also Scction One
" of I E C Publication 244-3, } .



8.3

3.4

8.5

" b) ]’rc-cmplla sis

‘¢) Constant (Iemodulalor output level

—I1 —

The process of enhancing the relative amplitude of the smusoxdal componcms at higher fre-
quencies of the modulating signal in accordance w:th a predetermmed characteristic. Pre-
cmphasis is mainly used in frequency-modulated . tran,smltters to improve the SIgnal to-noisc
ratio at the regeiving site, » " 3

" 1 it
®) De-emphasis - T o S ‘ o
The process ofirestoring the relative amplitude of the sinusoidal coniponents of the demodulated
signal to the value they had before pre—emphasxs was applied. :
- | i . - n
Conditions of operation
Clause 4 applies.

Test conditions .

Connect the audio-frequency generator and the voltmeter for measuring the input signal level to
the transmitter in accordance with Clause 5. For multi-channel transmitters, the inputs to the
channels not being connected to the generator shall be terminated with their nominal input im-
pedance. :

Demodulate the signal at the output of the transmitter by a linear demodulator without de-
emphasis, connected to an audio- -frequency voltmeter. De*crmme the utilization factor as explained
in Sccuoq Two of IEC Publication 244-3.

N

Measurement procedure Jfor amplttua’e—modulated transmzt{ers (w1thout pre-emphasis)

9] _— ,

Although either of the methods descnbed in Items b ) or c) below may be used, the method given
in ltem b) is preferable

a) Initial adjustment common to-both methods

Unless otherwxse specified, adjust:the devel of the modulatmg signal at the reference frequency
to obtain a utilization factor of 50%. Note the transmltter input voltage and the corresponding
demodulator output voltage. :

b) Constant transmztter input level o

Vary the modulation frequency over the specxﬁed aud;o-frequency band while maintaining the
transmitter input voltage at the value obtamed in Item a). Record the demodulator output
voltage, ,.:

Vary the modulation frequency over the specified audio-frequericy b'md while maintaining the
demodulator output voltage at the value obtamed in Item a). Record the transmitter input

vollage. . : -
For multi-channel transmltters, the measurement shall be iade for each chcmnel sepamlcly

4 . | ) .
. & . cpe e
If necessary, repeat the measurements for other values of the utilization factor. .
H
r
Nole _ Mcasurcmcnt errors may arise due to noise and hum for very Tow valucs of the uuhzahon ﬁc(or or due
to’ excessive distortion for high values of the uulw'ihon l'actdr
With the mélhod described in Ttem ¢ ) errors at | rcqixcncxcs ncar to the limits of the spccnﬁcd audio-ffequency
band may also occur for moderate values of the utilization hctor, duc’'to:
— ovcrload‘ing of the modulator and pre- modulz\tol et'\gcs at these frequencies,
— the operation of the limiting amph(’cr or compxcesor &f these devices ciannot be dlsablod sce Sub-

|cl.lusc::‘»c) o \
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