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Foreword 
( T h i s foreword is n o t a part o f I E E E S t d 185-1975 , I H F - T - 2 0 0 , 1975 , S t a n d a r d M e t h o d s of T e s t i n g F r e q u e n c y M o d u l a -
t ion B r o a d c a s t R e c e i v e r s . ) 

T h i s s tandard is the result of an industry-wide effort including active par t ic ipat ion of the Elec-
tronics Industr ies Association and the Ins t i tu te of High Fideli ty to promote s tandardizat ion in 
the field of frequency modula t ion receiver performance measurements . Par t icular ly noteworthy 
is the removal of the 6dB ambiguity in receiver sensitivity which h a s s temmed from the wide-
spread usage of " t e rmina ted microvol ts" to express the input signal to a receiver, as opposed to the 
long-established I R E - I E E E usage of "open-circuit microvolts" . T h i s ambiguity was resolved by 
expressing sensitivity in te rms of available power, this being consistent wi th both I E E E and IEC 
s tandardizat ion. I n p u t signal levels are s tandardized in t e rms of dBf, wi th one femtowatt (10 ~ 1 5 

W) as the reference level. At a 300fi impedance level, 1 dBf corresponds to 1.1M V open circuit, 
while 120 dBf corresponds to 1.1 V, leading to a convenient scale. 

Th i s s t anda rd was ini t iated by the Subcommit tee on Frequency Modula t ion Receivers of the 
I E E E Broadcas t and Television Receivers Group*. T h e 1968-1970 membership of this sub-
committee was: 

T h e 1971-1974 membersh ip of th is subcommittee which included active representat ion from 
EIA and I H F was: 

Th i s s t anda rd was approved by the S t anda rds Commit tee of t h e I E E E Consumer Electronics 
Group. Membership of th i s commit tee was: 

D. R. von Recklinghausen, Chairman 

J . J . B u b b e r s 
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H . H e i s r a t h 
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R . S n e l l i n g 

H. N. Fr ihar t , Chairman 
E. M. Tingley, Secretary 

M . A l e x a n d e r 
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J . Avins, Chairman 
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An American National Standard 

IEEE/IHF Standard Methods of Testing 
Frequency Modulation Broadcast Receivers 

1. Introduction 

1.1 Scope. Th i s s t andard defines conditions 
and methods of measurement for determining 
performance characterist ics of monophonic 
and stereophonic F M (frequency modulat ion) 
broadcast receivers so t h a t the results may be 
compared to measurements of other receivers 
or by other observers. I t conta ins mater ia l not 
previously available in a single s t andard and 
r e p l a c e s w i t h d r a w n I E E E S t d 185-1947, 
Methods of Tes t ing Frequency Modulat ion 
Broadcas t Receivers a n d its supp l emen t , 
Tests for Effects of Mis tuning and Downward 
Modulat ion. See Refs [1]-[5] for further infor-
mat ion. 

Measurements are described for equipment 
designed to receive 88 to 108 M H z band F M 
broadcas t s m a d e in accordance wi th the 
present rules of t he FCC (Federal Communi-
cations Commission). T h e tests apply to re-
ceivers powered by ac lines, by batteries, 
and by automobile generator and storage 
bat tery systems. T h e methods may be used 
for frequency modula t ion receivers for other 
services by applying the proper system re-
quirements . 

T e c h n i q u e s he re in enable evaluation of 
complete receiver performance, with no provi-
sion for test ing individual circuits or com-
ponents . T h e s t anda rd methods described do 
not involve injection or extract ion of signals 
at other t h a n the normal input and ou tpu t 
t e rmina l s , nor are i n t e r n a l modi f ica t ions 
specified to inhibit normal receiver operation, 
al though this may be desirable for diagnostic 
purposes. Because receiver designs vary too 
much for convenient use of a single test proce-
dure, supplementary and al ternat ive tests are 
included. 

To facilitate in terpre ta t ion of the test re-
sults, each test is designed to determine a 
single characteris t ic with as little interference 
as possible from other parameters , such as the 
audio-amplifier performance. Acoustic mea-

surements are not included. Refs [6] -[11] 
should be consulted for acoustic tests and 
complete amplifier measurement methods. 

Th i s s t anda rd applies to receivers with in-
t e r n a l ampli f iers for driving loudspeakers, 
and to tuners designed for connection to ex-
terna l amplifiers. T h e te rm receiver is used to 
include tuners where no dist inction is re-
quired. If a receiver has audio input termi-
nals , the audio-frequency section will be test-
ed before measur ing the radio reception char-
acteristics. If a receiver has output terminals 
for connect ion to a t ape recorder or external 
amplifier, the performance as a tuner may be 
measured as well as overall receiver perform-
ance. 

Measurements of radiat ion and conducted 
interference are not within the scope of this 
s tandard . T h e allowable limits for such radi-
at ion and the measurement methods are de-
scribed in t he FCC Rules and Regulations 
[12]. Measuremen t methods are also described 
in Refs [13]-[17]. 

Limit ing values of the various quant i t ies for 
acceptab le pe r fo rmance are not specified. 
Some tutor ia l mater ia l is included to help in 
evaluat ion of the measurement results. 

2 . Definitions 

frequency deviation. T h e difference between 
the ins t an taneous frequency of the modulated 
wave and the carrier frequency. 

maximum system deviation. T h e greatest de-
viat ion specified in the operat ion of the sys-
tem. 

N O T E : M a x i m u m s y s t e m d e v i a t i o n is expressed in ki lo-
her tz . I n t h e c a s e of F C C a u t h o r i z e d frequency m o d u -
l a t i o n b r o a d c a s t s y s t e m s i n t h e r a n g e from 88 to 108 M H z , 
t h e m a x i m u m s y s t e m d e v i a t i o n is ± 75 k H z . 

monophonic. Audio information carried by a 
single channel . 

7 
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t a i n s s u b s t a n t i a l l y o n l y L i n f o r m a t i o n , a n d t h e o ther 
o n l y R . I n a d d i t i o n t o t h e m a i n c h a n n e l , s t e r e o p h o n i c 
p r o g r a m m o d u l a t i o n requires t r a n s m i s s i o n of a 19 k H z pi-
lo t s i g n a l a n d t h e s i d e b a n d s of a s u p p r e s s e d 38 k H z sub-
carrier c a r r y i n g L - R i n f o r m a t i o n . T h i s c o m b i n a t i o n is 
ca l l ed t h e c o m p o s i t e s i g n a l , a n d it m a y be u s e d a l o n e or 
w i t h o t h e r subcarr ier ( S C A ) s i g n a l s t o f requency m o d u -
l a t e t h e R F carrier . 

After p r e - e m p h a s i s , t h e left a n d r ight c h a n n e l s are 
a d d e d for m a i n c h a n n e l i n f o r m a t i o n . T h e r i g h t - c h a n n e l 
p r o g r a m m a t e r i a l is s u b t r a c t e d f r o m t h e left t o der ive a 
d i f ference s i g n a l t h a t t h e n a m p l i t u d e m o d u l a t e s a 38 k H z 
subcarr ier . T h e subcarr ier i s s u p p r e s s e d , d i v i d e d by t w o . 
a n d t r a n s m i t t e d a s a 19 k H z p i lo t s i g n a l t o fac i l i ta te de-
m o d u l a t i o n of t h e s u p p r e s s e d carrier i n f o r m a t i o n a t t h e 
rece iver . 

3 . Test Equipment Requirements 

All measur ing ins t ruments used should be 
a t least five t imes more accurate t h a n the test 
result to be recorded so t h a t no more t h a n 20 
percent uncer ta in ty will be introduced. If th is 
is not possible, t h e n the accuracy will be 
stated as a par t of t he test da ta . 

3.1 RF Generator. T h i s generates an adjust-
able-frequency R F carrier, wi th controlled at-
tenuat ion , provision for frequency and ampli-
tude modulat ion, meter moni tor ing of the car-
rier output , and meter indicat ion of the de-
viation a n d modula t ion dep th . An internal 
fixed-frequency audio generator is usually in-
cluded to serve as a modula t ing signal source. 
Two generators are required for several tests 
described in Section 6, bu t only one need be 
modulated. 

3.1.1 Frequency Range. While a range of 88 
to 108 M H z is adequa te for most F M broad-
cast receiver tests, cont inuous coverage from 
the I F ( intermediate frequency) of 10.7 M H z 
to a t least 216 M H z is needed for spurious re-
sponse tests . If a generator with F M modu-
lat ion capabili ty covers 67 k H z as a carrier fre-
quency, it can be used as an SCA generator 
(Section 3.4). 

Since frequency stabil i ty is impor tan t , suf-
ficient t ime should be allowed for warm-up 
a n d s t a b i l i z a t i o n . G e n e r a t o r frequencies 
should be read wi th a frequency counter ex-
cept for the tests t h a t do not require exact fre-
quencies. 

3.1.2 Spurious Output. T h e carrier output 
p u r i t y is i m p o r t a n t , p a r t i c u l a r l y in t h e 
spurious response measurements . R F output 
filters may be used if t he impedance ma tch 

N O T E : A m o n o p h o n i c rece iver r e s p o n d s o n l y t o m a i n 
c h a n n e l s igna l s , l a c k i n g t h e c a p a b i l i t y of d e t e c t i n g sub-
carrier i n f o r m a t i o n . T h e m a i n c h a n n e l s i g n a l s m a y be ei-
t h e r m o n o p h o n i c or t h e l e f t -p lus -r ight ( L + R ) in forma-
t i o n from t h e left a n d r ight c h a n n e l s o f a c o m p o s i t e 
s t e r e o p h o n i c s i gna l . M o n o p h o n i c rece ivers h a v e n o o u t -
p u t from L = - R s t e r e o p h o n i c s i g n a l s . S t e r e o p h o n i c re-
ce ivers m a y be m a n u a l l y or a u t o m a t i c a l l y s w i t c h e d t o t h e 
m o n o p h o n i c m o d e , r e s p o n d i n g o n l y t o m o n o p h o n i c or 
m a i n c h a n n e l L + R s igna l s . 

SCA subcarrier modulation. T h e FCC permits 
broadcasters to t r ansmi t privileged informa-
tion and control signals on subcarriers as 
specified under the SCA (Subsidiary Commu-
n i c a t i o n s Au tho r i za t i on ) , bu t only when 
t ransmit ted in conjunction wi th broadcast 
programming. 

With monophonic broadcast ing, the SCA 
service may use from 20 to 75 k H z with no re-
striction on the number of subcarriers, but the 
total SCA modulat ion of t he R F (radio fre-
quency) carrier mus t not exceed 30 percent 
and the crosstalk into the m a i n channe l mus t 
be a t least 60 d B down. 

With stereophonic broadcast ing, t he SCA 
service is limited to 53 — 75 kHz, 10 percent 
modulat ion of the carrier, a n d mus t still com-
ply with the 60 d B crosstalk rat io . A 67 kHz 
subcarrier with ±6 k H z modula t ion is often 
used. 

separation. T h e process of deriving individual 
channel signals (for example, for stereophonic 
systems) from a composite t r ansmi t t ed signal. 

N O T E : S e p a r a t i o n descr ibes t h e a b i l i t y of a rece iver t o 
produce left a n d r ight s t e r e o p h o n i c c h a n n e l s i g n a l s a t i t s 
o u t p u t t e r m i n a l s a n d is a m e a s u r e d p a r a m e t e r for s tereo 
receivers o n l y . L e f t - c h a n n e l s i g n a l s e p a r a t i o n is d e f i n e d 
as t h e ra t io i n d B of t h e o u t p u t v o l t a g e of t h e left o u t p u t 
of t h e receiver t o t h a t o f t h e r ight o u t p u t w h e n a n " L " -
o n l y s igna l is rece ived. R i g h t - c h a n n e l s e p a r a t i o n is s i m -
i lar ly def ined. 

standard de-emphasis characteristic. A falling 
response with modula t ion frequency, com-
p lemen ta ry to t h e s t a n d a r d pre-emphasis 
characterist ic and equivalent to an R C circuit 
with a t ime cons tant of 75 /-is. 

N O T E : T h e d e - e m p h a s i s c h a r a c t e r i s t i c is u s u a l l y incor-
pora ted i n t h e a u d i o c i rcu i t s o f t h e receiver . 

stereophonic. Audio information carried by a 
plurali ty of channels ar ranged to afford the 
listener a sense of the spat ial dis t r ibut ion of 
t he sound sources. 

N O T E : A s t e r e o p h o n i c rece iver r e s p o n d s to b o t h t h e 
L + R m a i n c h a n n e l a n d t h e L - R subcarr ier c h a n n e l of a 
c o m p o s i t e s t e r e o p h o n i c s i g n a l , s o t h a t o n e o u t p u t c o n -
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and a t t enua to r cal ibrat ion are not affected. 
Field-strength meters and spectrum analyzers 
are convenient ins t ruments for verifying sig-
nal puri ty. T h e method of frequency gener-
at ion and the potent ia l spurious ou tput fre-
quencies should be known, so t h a t the receiver 
responses may be correctly identified. Gener-
ators may have fundamenta l oscillators, os-
c i l l a t o r - m u l t i p l i e r combinat ions, multiple-
oscillator mixers, or full synthesis systems. 
Any response below the tuned frequency of 
the receiver should be part icular ly checked, as 
these are often due to generator harmonics . 

3.1.3 Output Range. T h e generators should 
be capable of providing the s t anda rd input 
levels (Section 5.1), with allowance for dum-
my a n t e n n a a t t enua t ion (Section 3.6). Few 
precision generators are capable of the higher 
levels, and wide-band or tuned R F amplifiers 
may be needed to increase the ou tpu t range. 
T h e amplifier ou tpu t should be checked for 
harmonic content t h a t could affect some mea-
surements . A suitable meter should be used to 
ca l ibra te the ou tpu t and a t tenua tors . Ac-
curate calibration of low signal inputs re-
quires low leakage or other unwanted signal 
conduction into t he receiver. 

3 .1.4 Frequency Modulation. Linear fre-
quency-modu la t ion capabil i ty is necessary 
from 30 to a t least 15 000 Hz for monophonic 
tests, and to 75 kHz for complete stereophonic 
measurements . Linear deviat ion to ± 150 kHz 
is also necessary, with up to ± 300 k H z con-
venient for measur ing m a n y receivers. For lin-
ear modulat ion, t he R F bandwid th of t he gen-
erator m u s t be sufficient to pass t h e F M signal 
s idebands w i t h o u t d i s to r t i on . A s t r a igh t -
forward method of checking t h e modula t ion 
capability is based on a wide-band moni tor re-
ceiver t h a t h a s a c a l i b r a t e d l i n e a r dis-
criminator . Response and l ineari ty of t h e gen-
erator are measured wi th distort ion or har-
monic analyzers a t the ou tpu t of the dis-
criminator . T h e audio generator used for a 
modulat ion source mus t have low distortion. 

T h e generator and modula t ion source dis-
tort ion mus t to ta l no more t h a n 20 percent of 
the distortion result from the receiver tests. 
R a n d o m F M from h u m a n d noise should be 
held to a similar por t ion of t he test results. 
T h e frequency response of the modulator 
should be verified. 

Deviat ion can be measured with a frequen-
cy counter if access to the direct-coupled por-
t ion of t he generator modulat ion circuits is 
available. T h e l ineari ty and sensitivity of the 
modula tor are determined by relating the di-
rect modula t ing potent ia l or current to the 
modula ted ou tpu t frequency. 

T h e deviat ion meter may not be accurate 
for stereo modula t ion . I t usually has an aver-
age-rectifying characteris t ic , but is calibrated 
for peak deviat ion of sine-wave modulat ion. I t 
is likely to have a 6 d B error for left- or right-
only signals, and a 10 d B error for L - R. T o 
check the reading, record the peak-to-peak os-
cilloscope i nd i ca t i on for sine-wave modu-
lat ion giving ± 75 k H z deviation. Convert this 
value to ± volts per kilohertz deviation. Os-
cilloscope measurement of any modulat ing 
signal wi th more t h a n one frequency com-
ponent can t hen be converted to peak-to-peak 
deviation in kilohertz. 

3 .1 .5 Amplitude Modulation (AM). For the 
AM suppression tests described in Section 
6.17, the generator mus t be capable of at least 
30 percent ampl i tude modula t ion of its output 
s ignal s i m u l t a n e o u s l y wi th t he frequency 
modulat ion. 

M a n y generators produce incidental phase 
and frequency modula t ion when they are am-
pli tude modulated. T h e a m o u n t is usually 
specified by the manufac turer , but it should 
be verified by the moni tor receiver described 
in Section 3.1.4, or by an equivalent method. 
T h e error introduced by the incidental modu-
lat ion m a y be large enough to invalidate the 
measurement of A M suppression. 

An external ampl i tude modulator may be 
used to reduce incidental phase modulat ion. 
If a b r idge m o d u l a t o r w i th low-capaci ty 
diodes is used, t he R F level should be main-
ta ined cons tan t by using an external a t ten-
uator . Care m u s t be t aken to avoid incidental 
phase modula t ion from s tanding waves in the 
modulator , a t t enua to r , d u m m y an tenna , and 
cable connect ions. 

S imula ted a i rplane flutter and similar tests 
require deeper modula t ion a t a very low fre-
quency, but some incidental F M or phase 
modula t ion m a y be tolerated. 

3.2 AF Generator. Most R F generators have 
in te rna l A F (audio-frequency) generators for 
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3.4 SCA Generator. T h e SCA rejection tests 
of Section 7.10 require a generator with a cen-
ter frequency from 53 to 75 kHz and F M mod-
ulat ion capabili ty. A 67 k H z center frequency 
with a =t 6 kHz deviat ion a t 2.5 kHz is satis-
factory. Some function generators used for 
Section 3.2 may serve here too. T h e center fre-
quency should be verified wi th a counter, and 
the remainder of the characterist ics checked 
as in Section 3.1. 

3.5 Frequency Counter. A digital counter ca-
pable of measur ing audio, ul t rasonic, and R F 
frequencies to 216 M H z is required for ac-
curate frequency measurements , par t icular ly 
genera tor f requency ca l ib ra t ion and veri-
fication. Care mus t be t aken t h a t switching 
t rans ients do not interfere with the receiver 
measurements . 

A low-capacity pickup or insulated F E T 
(field-effect t ransistor) probe with a wide-
band amplifier may be used with a counter to 
moni tor the local oscillator frequency as need-
ed for some of t h e measurements . Care mus t 
be taken t h a t the pickup does not detune the 
oscillator or introduce coupling errors into 
other measurements . If t he counter sensitivity 
is high, a tuned loop may be used. If access to 
the inside of the receiver is necessary to read 
the oscillator frequency, care mus t be taken so 
t h a t the receiver operates normally. 

10 

modulat ion sources, but usually with only one 
or two frequencies, and often wi th too m u c h 
distortion for the precision readings needed on 
some receiver designs. T h e modula t ion source 
usually has external terminals t h a t may be 
used to measure its distortion, or the overall 
distortion may be measured as described in 
Section 3.1.4. 

An external modulat ion source is needed for 
other audio frequencies, and two simulta-
neous frequencies are needed for several mea-
surements. T h e external generator mus t have 
a range of 30 to 15 000 Hz for response tests 
and preferably to over 75 kHz for high-fre-
quency filtering tests. T h e ou tpu t mus t be 
uniform from 30 to 15 000 Hz, though the out-
put may be monitored with an audio volt-
meter if necessary. T h e frequency calibration 
may be verified with a counter , bu t t he dial in-
dication is usually adequate for all bu t a few 
critical tests. T h e distortion should be verified 
regularly. A variable electronic filter may be 
used at the audio generator ou tpu t for precise 
measurements . 

A function generator wi th sine-wave out-
put , electronic sweep, and analog drive for an 
X - Y recorder is convenient for frequency-re-
sponse measurements , par t icular ly if pre-em-
phasis is used. Some such generators have a 
voltage-controlled oscillator t h a t can be mod-
ulated with audio frequencies, so t h a t it can 
also serve as a n SCA generator (Sections 3.4 
and 7.10). 

3.3 Composite Stereo Generator. A composite 
stereophonic signal generator produces t he 
modulat ion components described in Section 
2 and should have provision for adding a 
simulated SCA subcarrier. Pre-emphasis net-
works and self-contained audio generators are 
desirable, and some commercial generators in-
clude a fixed-frequency R F generator with 
output a t tenuators . Usually t he composite 
signal is used to modula te an R F generator as 
described in Section 3.1. Among the required 
features are: four modula t ion modes, L only, 
R only, L = R, and L = - R ; pilot signal termi-
nals for external use, pilot switchable on -o f f 
and controllable from 0 to 15 percent or more. 
A "set-modulat ion ' ' switch is convenient. 

T h e generator may use matr ix modulat ion 
or t ime multiplexing, but the ma in channel-
to-subcarrier level differences t h a t may occur 
with t ime multiplexing are easier to detect 

t h a n the phase differences t h a t are common 
with mat r ix modula t ion . T h e composite gen-
erator combines L and R signals from internal 
or external sources with a pilot signal and gen-
erates m a i n and subcarrier components . Th i s 
is a complex process a n d careful verification of 
the modula t ing signal is impor tan t . 

Each of the signal characterist ics should be 
verified. A spectrum analyzer can do most of 
this , and a ha rmonic analyzer can do fairly 
well, but other tests can help too. An os-
cilloscope may be used to verify the subcarrier 
suppression when L = R = 0. Th i s mus t not 
exceed 1 percent deviat ion and should be 
nulled if possible. T h e subcarrier mus t be the 
second harmonic of t he pilot, which may be 
verified by a double-trace scope, a n d t h e pilot 
mus t be wi thin 2 Hz, which can be checked by 
a counter. 
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3.6 Dummy Antenna. A d u m m y a n t e n n a is a 
t r ans former or network t h a t presents the 
specified source impedance to the receiver and 
reflects the specified load impedance to the 
signal generator. T h e d u m m y a n t e n n a s de-
scribed below are for connection of one or two 
generators with 50 & in terna l impedances to 
receivers designed for 300 Q balanced, 300 il 
unbalanced, and 75 SI unbalanced inputs . 

Receivers designed for monopole or whip 
an tennas should be measured with a suitable 
d u m m y s ta t ing the d u m m y used as par t of the 
t e s t r e s u l t s . T h e receiver should not be 
grounded for these tests, and the generator 
connection to t he chassis mus t be carefully lo-
cated to correctly s imulate the an t enna . 

T h e ideal d u m m y would give loss-free im-
pedance t r a n s f o r m a t i o n so t h e genera tor 
could be direct reading in available power, but 
most t ransformers do not have cons tant out-
put over the required frequency range. If re-
sistive pads are used, the loss in available pow-
er mus t be subtracted from the generator read-
ing to find the power available to the receiver. 
Th i s loss is shown for each of the various con-
figurations. 

For each d u m m y a n t e n n a shown, 

4800 

(for each frequency) 

(3) 300 12 balanced input , resistive pad, two 
generators: 

E Q = 2 E G 

P L - 7.8 dB 

( E G ) 2 

300 

5 0 - A 
Generator B 
Input 

(for each frequency) 

(4) 300 il balanced input , pad plus balun, 
two generators: 

50-XL 
Genera tor 
Input 

- v w -
2 

-AAA/— 
274 

E 0 = E G 

Dummy 
Outpu t 

E Q Generator te rmina ted output voltage 
as usually indicated on the output at-
tenuator , half of the generator open-
circuit voltage 

EQ Open-circuit voltage a t the receiver 
te rminals in terms of E Q 

P L D u m m y - a n t e n n a power loss in d B 
PA Power available to the receiver in 

te rms of E Q 

(1) 300 U balanced input , resistive pad, one 
generator: 

5 0 - X I 2 

Generator 
Input 

-A/WSr-
124 

150 
-AAAAr-

Dum my 
Outpu t 

P L - 13.8 dB 

A 1200 

(5) 300 il unba lanced input , resistive pad, 
one generator: 

so-a 
Generator A 
Input 

5 0 - X I 
Generator B 
Input 

D u m m y 
Outpu t 

K 0 = 0.5 E Q 
P L = 19.8 dB 

A 4800 

(for each frequency) 

(6) 300 il unba lanced input , resistive pad, 
two generators: 

(2) 300 ft balanced input , pad plus balun, 
one generator: 

50-Si 
Generator 
Input 

_2r 

-AAAr-
10 

-AAA/— 
45 

Dummy 
Outpu t p, 

^ 3 0 0 " 

50-n ° V i o S r " 
Generator 60' 
Input 

-AAAAr-
45 

J 7 5 / 3 0 0 Balun 

Jl 
Dummy 
O u t p u t 

2 E G 

7.8 dB 

( E Q ) 2 

300 

(7) 75 il unba lanced input , resistive pad, 
one generator: 
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