2068320 "An FM Receiver'.'. The present-invention relates to an FM re
f&r «ohtrol ling stereo separation. In an FMreceiver, a portion of the

carri em waves, which is phase-nodul ated by noi se waves is detected by an 5
FM detector and is converted into a noise output. The magni tude by which

the carrier waves are phase-nodul ated by noi se waves varies dep?ﬁ@%m- :

adifference in the carrier wave frequency and the. noise freque

t he noi se waves are uniformy distributed, the magni'tude 10 i ncreases in
proportion to the frequency. This characteristic is referred to as
triangul ar noi se characteristic in the frequency nodul ation. In FM stereo
denodul ation, there is greater deterioration in the signal-to-noise ratio
(S/Nratio) by 15 t he noise contained in a frequency band of sub-channel
signals in which stereo conposite signals have frequencies -2- of 23 KHz
to 53 KHz, than in the nonaural denodul ation in which a portion surrounded
by a small triangle of up to 15 KHz in an audi bl e range produces a noise
out put. Wien the receiver is placed in an el ectronmagnetic 5 field
establ i shed by a weak input in which the anplitude limting effect is

di m ni shed, the signal-to-noise ratio
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"An FM Receiver”.
’ .The present invention relates to an FM receiver for
controlling stereo separation.
In an FM receiver, a portion of the carrier waves,
.which is phase-modulated by noise waves is detected by an
5 ™ detector and is converted into a noisé output. The
magnitude by which the carrier waves are phase-modulated
by noise waves varies dependihg upon a difference in the
carrier wave frequency and the noise frequency. When the
noise waves are uniformly distributed, the magnitude
10 increases in proportion to the frequency. This
characteristic is referred to as triangular noise
charéctefistic in the frequency modulation. |
In FM stereo,demodulaﬁion, there is greater
deterioration in the signal-to-noise ratio (S/N ratio) by
15 the noise contained in $~£:equency band of sub-chammel

signals in which stereo composite signals have frequencies

/



. ts*Yeduced by the anplitude nodul ati on. conponent and the phase nodul at i on.
"qyr ng the period of stereo denodul ation, therefore, the signal-to-noige” ¢
rediro is 10 very substantially réduced by noise which is distributed over
the above-nentioned w de ranges. Japanese Lai d-Qpen Patent Specification
No. 17604/1976 discloses a nmethod of preventing the sound quality from e
deterioration by autonatically_sgﬁ;ching 15 bet ween FM stereo and =
nonaur al denodul ati on dependi ng fipon the noise level in the output of the
FM detector, or by automatically sw tching between the FM stereo and

nonaur ' et L ng.t [ LY [ fsi.el d

st rengtq'.l‘nf %%ﬁ)ﬁp Bﬁ%gbu ~pu ?%ve eo@’ﬁﬁék% akm%la%&%h i

i nt ernedi ate-frequency anplificatipn. According,to the ove-nenti oned
known #f@u,a mq{%fﬁtxflﬁmﬁeéhgym §‘Péﬁ-gotgﬁr&nﬁhﬁa aMPddPodul ation is
automatically acconplished by formng a variable filter using a resistor, a

capaci tidr Kiirl in camtawdiblencangerproduces3a nodser oltipmf.t he conductive
state of the control transistor, and by controlling the anmount of : ;

attenuati on qjhdpethe oPedé PaeeNLy ?Daﬁé&ethan em&W%&%hﬁgﬂdEﬁhthe above
conventional FMreceiver requires the capacitor to 5 ormthe variabl e

g ter el ' ldnd neRoHy"h hedc iPut! 1hALLATRE! b1 Wadd ot the P
limiting effect is diminished, the signal-to-noise ratio |
is reduced by the amplitude modulation component and the
pﬁase modulation. During the period of stereo
de;odulation, therefore, the signal-to-noise ratio is

iO very substantially reduced by noise.which'is distributed
over the above-mentioned wide ranges.
Japanese Laid-Open Patent Specificationm No.:
17604/1976 discloses a method of prevénting the sound
quality from deterioration by automatically swiﬁching
15 Dbetween FM stereo and monaural demodulation depending
upon the noise level in the output of the FM detector, or
by automatically switching between the FM stereo and
mohaural=demodulation by detecting the intensity of the
input field strength relying upon the output level of the
20 FM intermediate-frequency amplification.
According to the above-mentioned known method,
switching between the FM stereo and monaurél demodulation

is automatically accomplished by forming a variable filter

using a resistor, a capacitor and a control transistor, by



N

of a monolithic sem conductor integrated circuit. When sw tching betwee {t(
t §e stﬁreophonic reproduction and nonaural reproduction in an FMreceiver
whi ch /'l | be 10 subj ected to great and frequent changes in the input
electric field strength such as in the case of car radi os, however,
ngtantanéous and frequent change between the stereophonic reproduction and
t he nonaural reproduction results in the reproduction of offensive sounds. .
In 15 order tD elimnate such <a 3efect, therefore, we have previ ously

di scl osed ¥n our British Patent Application No. 79.41976 (Seri al

No. 204014%5) a nethqd tq,continyoys change the_ste aration by
continuousFQQQﬁgﬂyiﬂﬁig“?Iﬁﬂﬂﬁhékigéiékgg%W? cﬁﬁ%gégﬁﬁﬁgﬁs applied to 20
an. FM stereo denodul ator in the switching system dependi ng upon . the
intensity itransistamn asiddy enkrelling cthe qm@unteeéreﬁgenpét@ﬁs contro
system disclosed in our Patent Application No. 79.41976 referred to above
It -4- YPouhe b glpifrkduency hcompenentsepar Howeverar séncier thepective of
the change in the noise | evel of FM denodul ated signals due to dispersion .,

in the FM ifigRle QUi fAd4T M1 £océiVed| $04aErEE Lhe! BapddiRod! tan S
I nt ermedi at'e-trequency anplifier circurt, and the signal-"to-noise ratio of

the signal s L eP IMGES-{ISEL AN EfP  difficulty is encountered when

it is attempted to comstruct the FM receiver in the form
of a monolithic semiconductor inteérated circuit.
| When switching between tﬁe gtereophonic reproduction
ané monaural reproduction in an FM receiver which will be
10 subjgcted to great and frequent changes in the input
‘electric field strength such as in the case of car radios,
however, instantaneoﬁs and frequent change between the
stereophonic repreduction and the monaural reproduction
results in the reproduction of offensive sounds. In
15 oxrder o eliminate such a defeét, thetefore, we have
previously disclosed in our British Patent Application
No. 79.41976 (Serial No.2Q4#Q./4%X...) a method to
continuously change the stereo separation by continuously
changing_ﬁhe 1§ye1 qf'38 KHz Switching signals appliéd to
20  an thsteréo demodulator in the sﬁitching system,
| depending upon ihe intensity in the input electromagnetic
field.
With reference to the control system, disclosed in

our Patent Application No. 79.41976 referred to above it



v fxreDy strength which is expected to attain a predeterm ned stereo ,
ation, varies responsive to the dispersion. in the above-propos‘ed’ 0
toRtYol system it is difficult to 10 control the stereo separation so
that the signal-to-noise ratio of the resulting signals becones greater

7 .

than a predeterm ned val ue. ‘Furthernore, beat conponents which faI} outsiqg
t he audi bl e range and whi ch ar%_caused by signal interference 15 * between’
the two FM broadcasting signals of close frequencies are containedkin t he
FM det ecti on signals, Such beat conponents often interfere with halnonics
of switching signals of 38 KHz which are enployed for the FM stereofShonic
derodul ahongdt bepnoted: thatt theyratierem\separationuvabiess r equenci es. The
system di scl osed in our British Patent Application No. 79.41976 is not

capabl ejgregpective 9fchthd MUY AIPthd IndEs@nl&vebCcé£0MME he present
i nvention to provide an FMreceiver which is capable of reducing noise due

to  Saelglifil %sangigggqgggggqgﬁfqyégbf£¥b£*4ﬁF§@§0§gegg§ﬂhaaaav

According to the preés e 1S provide FMrecel ver -,
i - chalAER gt i spd fL BT o b e PR oPE 88 Camposi e si gna
oS M ntesmediata- fraquency amplifier circuit, and the signal-
to-noise ratio of the signals reproduced under an input
field strength which is expected to attain a predetermined
stereo separation, varies responsivé to the dispefsion.
In the above-proposed control syétem, it is difficult to
10 control the stereo separation so that the signal-to-noise
ratio'of the resulting signals becomes gfeater than a
predetermined value. |
Furthermore, beat components which fall outside the
audible rangé and which aré caused by'signal interference
15 between the two FM broadcasting signals 6f close
frequencies are contained in the FM detection signals,
such beat components often interfere with harmonics of .
switching signals of 38 KHz which are employed for the FM
stereophonic demodulator, to produce beat signals having
20 audible frequencies. The system disclosed in our British
Patent Application No. 79.41976 is not capable of avoiding
such.disadvantages.

It is an object of the present invention to provide

an FM receiver which is capable of reducing noise due to



as wel |- as a sub-carrier signal; a gain-controlled circuit which transnft/s
sgi des®b-carrier signal to said stereo denodul ator; a high-pass filter
obt ai ni ng hi gh-frequency conponents in "t he out put S|gnal from sai d. FM
detect-or; and a | evel detector for detecting the |evel of said
hi-gh-frequency conponents which are obtained fromsaid high-pass filter;
rein:- ga) the output signal of said |evel -detector is transmtted to
said gain-gontrolled circuit; (b) the anplitude | evel of said sub-carrier

stonal anplt e e el bl T LR ASHhER £bT BH! L0 IR e SR ASIPH G o
conponents that are OMRﬁéE%Lé{€g1églghglgpeg% % fillveSivi L ?f& cut - of f
r to t

frequency of said high-pass fi I's S€él ecte I 2 Val ue at said

evel det ect oro gy fipla SUPSEMELELLVoP! ERE1GA 1A Nard'ti opsi gnal of

the stereo cortposite signal present 1nven |on w || now be descrrbed in

greater detailstydRYddhoMYPEIDOR Whibn' PEEEEVER 20 nfdih AUEHAENYE fighal
drawi ng, wherein the sole figure is a circuit diagram of one preferred form

of an FM receiaff -a RAlsldhawné D §Dgndlavirng, sitlee dfdVidairisite lsfmén@lps -
6 an FM detector 1 which produces an FM detection signal at

obtained from the output terminal of said FM detector,

as well as a sub-carrier_signal; a gain-controlled.
circuit which transmits said sub-carrier signal to said
stereo demodulator; a high-pass filter for obtaining
high-frequency components in the output signal from said .
FM detector; and a level detector for detecting the

level of said high-frequency components which are

obtained from said high-pass filﬁer;. wherein:-

(a) the output signal of said level detector
is transmitted to said gain-controlled circuit;'

(b) the amplitude'levei of saiﬁ sub-carrier
signal applied by said gain-coﬁtrolled circuit tousaid
stereo demodulator is gradually lowered with the rise
in the level of said high-frequency components that
are obtained from séid high-pass filter; and

{c) a cut-off frequency of said high-pass
filter is selected to su;h a value that said level
deteetor is not éubstantielly affected by the sub-channel
signal of the stereo composite signal. -

The pfesent invention will now be described
in greater detail by wéy of'ekample with reference to
the accompanying drawing, wherein the_sole figure is a
circuit diagram of one preferred form of an FM recelver

Referring to the drawing, the FM receiver 1nc1udes



a nodal point [err] upon receipt of an FMinternedi ate- frequency signal

h is supplied froman internediate- frequency anplifier that is no#:» e
v When a stereophonic 5 broadcast is received, the FM detection -
consists of a conposite signal nade up of a main-channel signal, a

gnal

sub- channel signal which is nodified by a 38 KHz sub-carrier sign
19 KHz pilot signal, and when a nonaural broadcast is received, th$ FM

and &; -
8,

det ection signal consists 10 = 6f =t he mai n-channel signal alone. Tge FM

recei ver also includes an anplifier 2 for anplifying the FM detect gon

si gnal , gifNEM ad@EEE Lot 0EkwhPER pirbauties3 afOFPf idetect iR g ECA®T

vol tage- controlled oscillator 32 having a free-running oscillation 15

a

having & Paaf RS Ty ciekoh, rFER 1R B e WM (i el 200 55 cach
honi cbr oad ' iyed, the P ' it 3 i o
Synchr ORFAGHERER $LEBRLSHTGhs Lot SUpPIEd fEom, Bk s BISALAERT gnal s -

applied to a nodal 20 point [err] and produces 38 KHz sub-carrier signal

of oppofrequencyecamplifidezl t

tniis jpotr shawih.a 1WHeéw a&istereophanhodal

poi nt N6. When the nonaural broadcast is received, signals of a frequency

deg er ni pedadiabt e%gseébé%éaq thea Fen @ tele tifvm il -dog1 Ot s et

oscil | at or -7

10

15

20

are produced at the nodal points [err].
a composite signal made up of a main-channel signal, a sub-

channel signal which is modified by a 38 KHz sub-carrier
signal, and a 19 KHz pilot sigﬁal, and when a monaural
broadcast is received, the FM detection signal consists'
of the main-channel signal alone.

The FM receiver alsb includes an amplifier 2 for
ampli fying the FM detection signal, and a phase-lock loop
circuit 3 comprises a phase detector 31, a'voltage-
controlled oscillator 32 having a free-running oscillatioﬁ
frequency of apﬁroximately 76 KHz, and three dividers 33,-
34 and 35 each having a frequency-dividing ratio of one-ﬁaif,
When the stereophonicbroadcast is received, the PLL
circuit 3 operates in synchronism with piloﬁ signals of
19 KHz in the FMldetection signéls applied to a nodal.
boint NZ and prqduces 38 KHz sub-carrier'signals éf
6pposite phases at nodal points N, and Ng¢ and a 19 KHz
signal at a nodal point Ngo When the monaural broadcast
is received, signals of a frequehcy determined by the

oscillation freqﬁency of the voltage-controlled oscillator



The FM receiver also includes a phase detector 4 which detects pil ot @
S§ gnal®s reproduced during the reception of a stereophonic broadcast upon
recei pt of the 5 19 KHz signal fromthe nodal point [err] of the PLL
.circuit 3 and upon receipt’ of the FMdetection signal fromthe nodal point
N- of theganplifier 2. 2 The circuit further includes a stero/nmonaural

- switchingigontrol circuit 5 which ys.responsive to the 10 . output signals
fromthe ase detector circuit 4 and produces a control signal to render a

transi storflerr] conductiye when the naural br.oadcast is being received,
“and to.r dif Q}LFE -QF%#&‘F%&O?‘: gﬁ‘ﬁoﬂ‘?‘égﬁdaeipgé &beg"t ﬁe‘stereophoni c
broadcast is-being received. 15 Ful | details of the PLL circuit 3
have been di scl osEe i FM"recelivenitabse ppcledescappbiaisehdeties gy dnber
1971. To control the stereo separation, the FMreceiver further includes a

. high-pass fyich detéctsvpileet stganls 2eproduded dairingonheo! I ed circuit
8, such that the level of 38 KHz sub-carrier signals supplied to a stereo

“denodul at or i L CcRE [ Fo@h! T IsQl1- [l ter &
conpri ses c%%%%%%‘?ﬁ ‘?gr %] Q%ﬁge‘?ég{@%rgr{sg@ F]at l(‘).'[ ?ﬂrof' %c@%e%?ﬁﬁeér 6
sel_ectg i 9{19 I(Hz_gi_.gnal from the nodal point Ng of the PLL circuit

. 3 and upon receipt of the FM detection signal frdm_the nodal

point N, of the amplifier 2.

2 .
The circuit fu;:-thér includgs -a. stero/monaural
swj.tching éontrol' circuit 5 which is responsive to ;he
10 output signals from the phase detector circuit 4 and produces
a control signal to rénder a transistor Qg conductive when
| the moﬁaural broadcast is being _recei.ved, and to _xfender
| the transistor | Q6 non-condt;ctive when the stereophonic
broadcast is being received. _
15 ._ " Full details of the PLL circuit 3 have been
disclosed in "ELECTRONICS”,.pp. 62-66 published in
November, 1971. |
| To coﬁtrol thé st:e:eo.separ_atioh, the_:_ FM receiver
.fux.:ther includes a high-pass fil£er 6, a level déte‘ctor 7
20 and a gain-controlled circuit 8,. such that the_ level of
38 KHz sub-carrier signals su.pg.aliied_ to. a s_tereo:demodulator__
9 of thé switching system-ié qontrol_led.

The high-pass filter 6 comprises capacitors C, to C

1
and resistors R, to R;. The filter 6 selects high-

3



frequency conponents in the FM detection S|gnals |ntroduced fron1the nodal
int [err], and produces outputs at a nodal point N7. In order that*the®
' (j{%vel detector 7 is not affected by the sub-channel signals in.the 23 KHz :
53 KHz 5 band, the high-pass filter 6 has a cut-off frequenq¥ which .
Is greater than 53 KHz which is the upper-limt frequency of the - R
sub-channel signals. . Although there is no particular |imtation,jthe
cut-of f frequency of the high-pass filter 6 is set at about 60 K 10 .
The detector 7 conprises a coupling capacitor C4, rectifier diodesqDl and

D2, a s othln ca acitor . C5,an .The resj R4 -and t he
sm)othlﬁge $m23nﬁpéscbﬁngbfe§ﬁfH%E§F£HQQ %ﬁﬁéﬁgﬁcﬁﬁint
"[err] and a nodal poi nt errk The anode of the diode [err] .is connected

15  tofrem theanodsinpolat: N, st kadc presces qukpuhsrt [@mqdak connect ed

. to one terminal of the coupling capacitor [err] and to the anode of the

di ode [poimtaNg.t heInabiedde thathdehs dewel? detexcmorecl efs tmot he nodal poi nt

N10 mhlch |s c nnected to a D.C. bias source E1. 20 ' Therefore, the
D.C. poj d2B eemen BLchaAra1d3ls RRIY rftHe 123 atH2 50581 KR
potentla ative to t e D.C. potential at the nodal p0|nt [err] by a

suppl | cbang Spﬁﬁg Biehpea: bt sia ik St AR E RS
is greater than 53 KHz Wthh is the upper—limlt frequency
of the sub-channel signals. Although there is no particular
limitatlon, the cut-off frequency of the hlgh-pass filter
6 is set at about 60 KHz.
10 The detector 7 comprises a coupling capacitor Ca,-
rectifier diodes D1 and Dz, a smoothing capacitor CS and a
- resistor RA' The resistor R4 and the emoothing capacitor
Cs are connected in parallel between a nodal p01nt N8 and
a nodal point NlO‘ The anode of the dlode 01 is connected
1 is
connected to one tefminal of the coupling capacitor C, and

15 to the nodal point Ny, the cathode of the diode D

to the anacde of the diode D, and the cathode of the diode
D2 is connected to the nodal point- NIO whlch is connected.-~'
to a D.C. bias source El' | | |
20 5 Therefore, the D.C. potential appearing at the nodal
point Ng is at a negacive'potential relative to theiD.C.
potential at the nodal point.Nlo by a velue corresponding
'to the amplitude of high=frequency noise eignals.supplied

to the nodal point N7. When the level of high-frequency



noise-signalé supplied to the nodal point N is substantially zero, the<;§;EEL}
a

pet ewt?als at the nodal points [err] and [err] becone substantially equ

to each-other as determned by the D.C' bias source EL. 5 The
gain-controlled circuit 8 conprises resistors R5 to R12, and transistors
-to~[err]. ¥The base el ectrode of the transistor [err], is connected to the

nddal point N5 of the PLL circuit 3, and its collector electrode is
connected o a nodal point N12. 10 9 <The base el ectrode of a transistor
is connectpd to the nodal point N4 of the PLL circuit 3, and its collector
el ect rode ‘moisenrsigmral ¢ cuppbied toithe NMi@dal pointeN.efliecsubssanti alily

transistors [err] and [err] are connected to the colleCtor electrode of a

transistor zeps0 tHidlpdthtals ta@nchét 868al) poLHLE2NQPERA! K, i.Nbacome
diff erentl-aﬁ .manner . EI'he resistors [err] and Ferr] ar8 connedPed between

bace o cct e il Sbfaf fo "Sae B s ReBOHE aBLBRREnRY, By Bhe B, 7

the emtter, electrode of the 20 transi stor i's connected to one end of ,
a resistor Blag Beu¥eaikior R7. Base el ectrodes of the transistors Q and
@ are commonly connected to the nodal point Ng, and their emtter’

el ectrdes are cdifhegain+contrdlbedecircuibe8coomprides resigtors Rg

to R12, and transistors Q, to Qg.
| - The base electrode of the transistor Q1 is connected
to the nodal point Ng of the PLL circuit 3, and its
" collector electrode is conmected to a nodal poinmt Njoe
10 The base electrode of a transistor Q2 is comnected to the
nodal point N4 of the PLL circuit 3, and its collector
_electro&e is comnected to a nodal point N13. Emitter
electrodes of the transistors Q1 and Q2 are commnected to
the collector electrode of a transistor Q3 so that the
| 15 transistors Q1 and Q2 operate in a differential manner.
The resistors R and Re are ;onnected between each of the
nodal.points N12 and N13 and a power supély terminal Vcc,
"the base electrode of the transistor Q3 is connected to
éhe nodal point N8’ and the emitter elec£tode of the
20 transistor Q3 is connected to one end of a resistor'R9
via a resistor R7.
Base electrodes of the-transistors.Q4 and Q5 are
commpnly connected to the nodél point Ng, and their emitter-

electrodes are conmnected to each other. The commoned



. em.tter electrodes are connected to one end of the resistor Rvia a _
resistor R8. Collector electrodes of the transistors[err]. are connect®dt @
hei'r correspondi ng nodal points N13 and 5 N14, respectively. The '
ransi stors [err]and have the same construction so that they will permt
equal collector current to flow responsive to a bias across the coﬁnnn bagg
and the common emtter el ecteod@s~ -10 The transistors B, [err] and
(B operate in a differential nmanner responsive to a potential diff rence
bet ween the nodal point [err] and the nodal point N9. Resistors[ert] are
connectemii ttescelestbedescarpecohnenéedodal ome endNof athk earth to
constituté a voltage- 10 15 . dividing circuit. A resistor R12 is

connect gglspetyLER  aviadal regiBto R LO Which the resistors [err], are
connected and the9nodal poi nt N9 | “the resistance ratio of the resistor

R10 to the r 1 I N11 20
produces a D@f% gg%oﬂ'é !-Rﬁﬁ% xﬁz(}g‘ers%es{g&ggﬁdaéb %%Rind @)
non- conducti ve and the trgnslstor @3 conductlvegxuﬂlthe | evel of
hi gh- f r@kRicRyneered Spghhed rarorwe spopdingnadal; Raindy iy 3rﬁ%@ly zero.
The stereo denodul ator 9 conprises resistors R13 to

N14' respectively.

The transistors Qh and Q5 have the same conStnuction
so that they will permit equal collector current to flow
responsive to a bias across the common base and the comﬁcn
emitter electrodes.
-10 ~ The transistors Q3, Q, and QS operate in a differential
manner responsive to a potential difference between the
nodal point N8 and the nodal point Ng.
Resistors R10 and Ril are connected in series between
the nodal point N10 and earth to constitute a voltage-
15 dividing_circuit. A resistor R o 1s connected between a

1
nodal point Nli'to which the resistors R10’ R11 are
comnected and the nodal point Ng.
If the resistance ratio of the resistor R10 to the
resistor R11 is suitably selected, the nodal point N11
20 produces a.D.C. bias voltage which renders thé transistors
Q4 and Q5 non-conductive and the transistor Q3 conductive
when the level of high-frequency noise signals at the nodal

point N7 is approximately zero.

The stereo demodulator 9 comprises resistors Ri3 to



[-err] tran5|stors to [err], and a D.C. bias source E2, and is of the ;E;;)
t gpe®d?scl osed in | EEE TRANSACTI ONS ON BROADCAST AND TELEVI SI ON RECEI VER '
Vol . 7 BTR- 14, No. 3, pp. 58-73, issued Cctober, 1968. 5 Swi t chi ng
signals of 38KHz are supplied fromthe nodal points N12 and N13 to the base
electrode® of the transistors. [err]to[err] and FM detection signals are
supplied fromthe nodal point [eri Jo the base el ectrode of the transistor
[err]. Wth this arrangenent, the Transistor [err] is 10 render ed

non- conductive when the stereophonic broadcast is being received.

Therefore, ga D GrdisiSStord age E’&tQ”’Q ngfdby bbe.rbshst gotirker E a@ﬁd[ err]

IS supplledito the nodal poimt [err 20f the gain-controlled cir dit 8.

When t he | veI Ys O C

i oh- pacs 118 0 e S MISHLERE L CLBee SERRRSCRIBRY: ?&?&#&W% it
can be regarded as be| al nost _zero, ential at _the no oi nt

[err] is afd tﬁﬁCEEVQE%sd%?gntgik %!tHQ'ngdaPppogﬁf7ﬁerr]. 20
Accordi ngly, the tranS|stor @ is rendered conductive, and the transistors ;

4 and b #rssuehdxtasbewn-r6lucti ve. Wien the transistor is conductive,
a sufficient operation current is allowed to flowinto the transistors

5 Switching signals of 38KHz are supplied from the nodal

points N12 and N3 to the base electrodes of the transistors.
Q7 to Q10’ and FM detection signals are supplied from the
nedal point N2 to ;he base electrode of the transistor Q11'
| With this arrangemeﬁt, the transistor Q6 is
10 rendered non-conductive when the stereophonic broadcast
is being received. |
Therefore, a D.C. bias voltage determined by Eﬁe
resistors R10 ar_l_d.R11 is eupplied to the nodal point N9
- of the gain-contfolled circuit 8. |
15  When the level of the high-frequency noise signals..
produced by the high-pgss filter 6 appearing at ﬁhe nodal.
point N7'_is so small that it can be regarded as being
almost zero, the potential at the nodal point Ng is
approximately equal to the potential at the nodal point N10'
20 Accordingly, the transistor Q, is rendered |
conductive, and the transistors Q, and Qg are rendered
non-conductive.
When the transistor Qg is conductive, a sufficient

operation current is allowed to flow into the transistors



X 2 - Q and t he base el ectrodes of which are supplied wth 38 KHz
Chl ng signals as sub-carrier signals. Due to the presence of the M
#nsistors[err]and [err], 38 KHz switching signals of a sufficiently high
| evel are 5 generated at the nodal points N12 and N13. Therefore, the

stereo denodul ator 9 produces stereo denodul ati on signals of a suffi0|entl
| ar ge degree of separation through its pair of output termnals OUT [err]

and QUT[err]. 10 A D-Cl2petential at the nodal point [err]

decreases with the increase in the | evel of high-frequency noi se signals at
the nodal point [err]. A current starts to flowinto the transistors and’
[err] R4 tﬁ-ﬁ‘ﬁleleE}F%a]%ésﬁ neigetpodespefemwhisgh are ruppddad poith 15  Ns,
whereby the current through the transistor starts to decrease.

ConsequdstKiz switchihgt siignaelst hs sub-carrier sdigmilis\g signals of 38 KHz
whi ch are generated by the transistors [err] and @ and generated at the

nodal points pde, tdllghesp Qeséﬂééeaf 28e transist¥r ey ehdPigseparation of
the stereo denodul ation S|gna S produced fromthe stetleo dendﬁulator 9

poi nt s Ta Ao w EcBERETREERRTs' §F, ol REeTe UG D S'lﬁ%aerfsa%ﬁtzhﬁnS"&{i‘%

are mai nt ai ned nearlz const ant ,
generated at the nodal points N12 and N

13°
Therefore, the stereo demodulator 9 produces stereo
demodulation signals of a sufficiently large degree of
| separation througn iﬁs pair of outnut terminals OUT1 and
OUTZ. |
10 A D.C. potential at the nodal point Ng decreases with
the increase in the level of high-frequency noise signals
"at the nodal point N,.
A current starts to flow into the transistors Qa and
Q5 with the decrease in the D.C. potential at the nodal point
15 Ns, whereby the current through the transistor Q3 starts to
~decrease. Consequently, the amplitude of the sub-carrier
switching signals of 38 KHz which are generated by the
tra;nsi.stofs'Q1 and Q2 and genérated at the_nodal'peints
LIPS N13.is decreased.
20 The degree of separation of the stereo demodulation
.signals produced from the stereo'demodulator 9 decreases
with the decrease in the level of switching signals at the

nodal points le and N13.' The D;C._poﬁentiaIS'at the

nodal points N12 and'N13'are maintained nearlyICOnStant,



-13- since véltage drops devel op across the resistors R and R5 due to the

cwrm&n?s of the transistors and . As the |evel of high-frequency noise
si gnal’'s beconmes sufficiently great at the nodal point N7, the D.C.
potential 5 at the nodal point N8 is decreased correspondi ngly, whereby
t he, transi%tor I s rendered non-conductive. Wen the transistor IS
rendered non-conductive, the operatjon currents of the transistors [err]
and [err] becone zero. Hence, 38 *é&'smﬁtching signal s do not
substantially 10 appear at the nodal points N12 and N13. Therefore,  the
stereo de . I S t o] t hon nction.

I n ot her W;”%S_SJS er{?nlg:u Sl nalésg%e%éggﬁ%egﬁgt rgggggﬁ%%u 6t gﬁ% nal s
QUT[err] anpd .15 When t pe nonaur al , br oadcgst i ei ng received,
t he transig"tspg%L qgsﬁhﬁuﬁﬂ?ﬁﬁ?ﬁﬁmﬂ£t?@% EEaﬂﬁ%FFﬁﬁédseaPP eBs‘The -
potential at the nodal point [err] of the gain- controlled circuit 8 is
mai ntai ned at a A &the/dievelrofe Righrefrequency nobser shghelsr besomeisch i s
rendered 20 conductive. Therefore, the transistor B is rendered non-
conduct i ve sufifl cdrtly r?:éétgrw& stiwé ﬁ@d&]:izpﬁﬁﬂﬁeNzQ ghgeDr, CQnpbltentadd!
poi nts N12 and N13 exactly as in the above-nentionéd case. The | evel of

hi gh-fg eq UG ingﬁdéﬂi &ﬁr& Ny gL C&eé?@a&&&r%r‘i‘&sﬁ&ﬂﬁiﬁbi% whreby ©

decr ease, VIO
the transistor Q3 is rendered non-conductive,
When the transistor Q3 is rendered non-conductiye,
tﬂe operation currents of the transistors Q1 and Q2 become_
zero. Hence, 38 KHz switching signals do not substantially
12 &4 Ny3e

Therefore, the stereo demodulator 9 no longer

10 appear at the nodal points N

produces the stereo demodulation function. In other

‘words, monaural signals are reproduced at the output

terminals OUT1 and OUTZ.

15 When the monaural broadcast is being receivéd, the
transistor Q6 is rendered conductive as mentioned earlier.
The potential at the nodal point'Ng.of the gain- -
controlled circuit 8 is maintained at a relatively.large
value owing to the transistor-QG which is rendered
20 conductive. Therefore, the transistor Q3 is remdexed non-

conductive, and switching signals of 38 KHz cease to appear on

the nodal points N12

The level of high-frequency noise signals at which

the degree of separation starts to decrease, will be obvious

7

and N13 exactly as in the above-mentioned case.



fromthe above description of operation. The | evel, however, can

e changed by varying the voltage dividing ratio of the resistor Rewe
e r'esi stor [err]. 10 The rate of decrease in separation with respect to 5

the | evel of high-frequency noise signals can be determ ned by the

resistances of the resistors [err]. In the above described circuit® since o

noi se in the band of signal frequencies and noi se of higher frequencies
establish a correlation as detgénmened by the 10 FM triangul ar noi se
characteristics, noise in the band of signal frequencies can be detected by

det ect | eigont Nehd)l Gové CREOEYpELbAO£SOBERALARNIC PG QRviiLy ce s

contr ol by directly detecting the gni tude of noise contained in the 15
FM detection outputs,,therefore. it s possi.ble to control the degree of
separ aﬁ?%?f’a?htg i ahsac ﬁrﬁwphbgt Q’B‘éﬁ"ﬂ'&ga %@t 488% he di sper si ons
in the FNIfrpnf end and _the internedi ate-frequency anplifier. Wth the

degr ee dkviding arablonefnshecrredstarvR 20 teedheasteajatnr Byl of 38 KHz.

sub-carrier switching signals which are*ed to the stereo denobdul ator 9,,
even when harThei catenpfndetseabeaihr separation wivh eespdet 9 KHz are

contained in the FMdetection signals, beat signals, which are produced by
the mulgngl1&A1 0O8E ChifRe£PElueAty fRbise signals can be determined
by the resistances'of the resistors R7 and R8.
In the above deécribed circuit since noise in the
bénd of signal frequencies and noise of higher
fréquencies establish a correlation as determined by the
10 FM triangular noise characteristics, noise in the band of
signal.frequencies can be detected by detecting the
high-frequency noise.
Since the separation degree is controlled by
directly detecting the magnitude of noise contained in the
15 FM detection outputs, therefore, it is possible to control
the degree of separation maintaining accuracy without being
affected by the dispersions in the FM front end and the
intermediate-frequency amplifier. |
With the degree of separation being'decreased by
20 decreasing the levél of 38 KHz sub-carrier switching signals
which are fed to the stereo demodulator 9, even when |
harmonic components of a frequency of, for example 100 KHz

are contained in the FM detection signals, beat signals,

which are produced by the multiplication of the sub-carrier



-.15- switching signals by the harnonic conponents, in the band of audi'k§5.~

f geg@chci es can.be attenuated. Beat conmponents in the high-frequency 0 { .
KHz t @450 KHz frequency band appear in the outputs of the FM5 det ect or
due to the interference of primary signal interference between the two FM
br oadcast Mng stations of very close broadcasting frequencies. Also,
oMensi ve beat signals in the band 3 -audi bl e frequenci es are produced in
the outputs of the stereo denodul ator due to the 10 secondary signa

i nterference between the beat conponents in the high-frequency band and

har noni ¢ cenidehing efignal orhjerthd haxmonitccomponentsj 1inkehe bapdkHz, )
In the 38 KHz sub-carrier signals. In the above described circuit, these

beat signalof sudie jes i@l bé ndeténagped.i s suppressed since t he
gain- controlled circuit decreases the anplitude |evel of the 38 KHz

sub-carrier swi tcﬂgeg? %df%%“;fdlﬁ O den$ ﬁ.l;fgeﬁﬁggg?l ?.‘BGrKﬁzWitBh t he

I ncrease in the lev . regquency conpone requenci es of
i anars ar 850 Rlaiaeapanci b GRBset 40, KR GHEGaER- oontRe Y ci v ouic
8 to stereo denodulator 9 in a D.C. coupling manner. Therefore, the PLL
circuis 3, dedlectontdus %ol the cintesfenencecpfoprimary signal
interference betwéen the two Hﬂ broadcasting stations of
very close b:oadcasting frequencies. Also, offensive
béat signals in the band of audible frequencies are produced
in’ the outputs of the stereo demodulator due to the
10 secondary signal interference between the beat components
in the high-frequency band and harmonic components of the order
.of odd numbers (i.e., 114 KHz, 190 KHz,.:...) in the
38 KHz sub-carrier signals. |
In the above described circuit, these beat signals and
15 secondary signal interference is suppressed since the'gain-
controlled circuit 8 decreases the amplitude level of the
38 KHz sub-carrier sﬁitching signalé fed to the stereo
demodulator 9 with the increase in the level of high-
frequency components of frequencies of greater than 100 KHz
20 in the'outputs of the FM detector 1. |
Furthermore, signals are transmitted from PLL
circui£ 3 through gain-controlled circuit 8 to stereo

demodulator 9 in a D.C. coupling manner. Therefore, the

PLL circuit 3, gain-controlled circuit 8 and stereo



-,..16 - dempdul ator 9 can be easily fornmed in a single sem - onduct or

/9NN icon chip of a nonolithic sem conductor integrated circuit. In m)dlfl @d®
s the high- pass filter 6 ray be 5 a band-pass filter such as a
c

hanical fjlter, and signals fromthe anplifier 2 nmay be supplled to the

hi gh pass filter 6. -Furthernore, the detector circuit 7, and the
gain-controtled circuit 8 may.bggrepl aced by the circui ts 10 whi ch have’
simlar functions. CLAIMS. 1. An FM receiver including; an FM
‘detector; a stereo denodul ator which receives a main-channel signal and a

5ub- chanfelodiaedr 09 cantbe ceagbbpofoimedi dnala elihgileedenfiom the out put
termnnal of ‘said FMdetector, 5 as well as a sub-carrier signal; a

t |t id
OoL 1 ORI SEUSoIE Rl ! of ARk ApLERALELBGRALRRCTa (0 52l 0

conponents _i-n the,oujput,signal fromsaid FM detector; and a | evel detector
for det 3&'1" ﬁ'&F‘?rFe{\? E’of sai d hi gh-frequency corrponents whi ch are

obt ai ned from sai d hifqh- ass filter; wherein:- &) the out put signal of ;
sai d | evel d_ethzgtmndi ied forms the’' high-pass filter 6 may be

5 a baﬁd-pass filter such as a mechanical filter, and signals
from the amplifier 2 may be supplied to the high-pass
filter 6. |

.:mrthemor.e, the detector circuit 7, and the
gain-controlled circuit 8 may be replaced by the circuits

10 which have similar functions.



saPd®€b-carrier 15 signal applied by said gain-eet . circuit to. sa

e
stereo denodul ator is gradually lowered with the rj iy lmuu“ﬂmmsal
~hi gh-'frequgncy conponents that are obtained from Sm!hmﬂ Aifi48 ter; and
‘(a),a cut-off frequency of said high-pass 20 < lters ¢ seledted to such a
val ue that said |level detector is not substantially affected by the

sub- channel . siGAIMDf the stereo conposite signal. 111111 111 18 2.

An FM receiver according to Claiml, wherein said gain-controlled circuit
includes a firbkt transi sAnrFMarecednért iagdiustimg;an@ra EMidetector) saor,

the emitter electrode of said first transistor and the enmitter 5 el ectrode
of said secondsteremidenpdudprgrcWhichl yecehves & naintrhanne besbgnal

el ectrode of said third transistor, at |east either the base el ectrode of
said first traaR{s?ofubrchapnpassignadt pfde Sterfqy RRRAR t9 oF5832br being

-driven by said sub-carrier signal, the 10 base el ectrod f said third
transi stor bei%t%fkfbﬁéi EROR; Fﬁet REtBYEp FET IR %aa’r‘g qobév‘i?t'%l“e?%t or, ;

and said stereo denpdul ator being supplied with the sub-carrier. signal
Wi ch 15 proddtedeht oS BashosRERELePh s LERH ket &t Batp-contrsiida

circuit which transmits said sub-carrier signal to said

is.transmtted to said gain-controlled circuit; (b) the anplitude .level o N
eentrotTed c (E%;;?’

sﬁereo demodulator; a high-pass filter for obtaining
high-frequency éomponents in the output signal from
séid FM detector; and a level detector for detecting
10 the level of said high-freguency components‘which are
obtained from said high-pass filter; wherein:-
(a) the output signal of said level detector
is transmitted to said gain-controlled circuit;
(b) the amplitude level of said sub-carrier
15 signal applied by said.gain-controlled.circuit to said
stereo demodulator is.gradually lowered with the rise in
the level of said high-frequency components that are
obtained from said high-pass filter; and
(c) a cut-off frequency of said high-pass
20 filter is selected to such a value that said level
detector is not substantially affected by the sub-channel

signal of the stereo composite signal.



. erectrode ef—said-first transistor or the collector 15 el ectrode of squ% o
: ép@ ond trangistor. 3. An FM:receiver according to Caiml or 2, L
“fyfther mcﬁiﬂ&ﬂﬂ" Mﬂﬂmm k-1oop circuit which is so construycted as to
gener at e sai i gnal which is substantially in synchronismw th
pil ot signal -20 of salidstereo conposite signal. 4. An FM receiver g -
according to any one of the precedi ng-ci&i#s, wherein the.frequency of said
sub-carrier signal is 38KHz. 5. An FM receiver according to Clains 3

and 4, 25 wherein the frequency of said pilot signal is 19KHz. An FM
recei ver cdastruct eddanfMaresejden acgrrding skestiaimalll,y whenedtei n
‘described with reference to and as illustrated in the acconpanying draw-.ng.
The text o3aiteBapRreentneilded sinratit rigsbudesdanyipsst deanaintame |

applicants original typescript. It nay contain a few anmendnents which are
Cdifficult @ 59<d trgasdstomand fpe@é‘?%t“ﬁ%?&ﬁﬁ?ﬁg thes emitdffrent s may
be i nspected on the 8renii%efgf the Patent, Ofic

electrode of sa rst transistor an the emitter ,
5 electrode of said second transistor being commonly
connected to ﬁhe collector electrode of said third
tranSistor; at least either the base electrode of eaid
first transistor or the base electrode of said second
transistor being driven by said sub-carrier signal, the
10 base electrode of said third transistor being suppiied
with the output Signal of said levelldetector, and said
stereo demodulator being supplied with the sub-carrier
signal which is produced on at least either the collector
. - electrode of said firet transistor or the collector
15 electrode of said secend transistor.
3. An FM receiver according to Claim 1 or 2,
further including a phase-lock-loop circuit which is
so constructed as to generate said sub-carrier signal
which is substantially in synchronism with pilet signal
.20 of said_stereo composite signal.
4, An FM receive; according to any one of the
preceding claims, wherein the frequency of said
sub-carrier signal is 38KHz.

5. An FM receiver according to Claims 3 and 4,

25 wherein the frequency of said pilot signal is 19KHz.
' An FM receiver constructed and arranged to

operate substantially as herein described with reference

to and as illustrated in the accompanying drawing.

The text of the specification has been reproduced by photocopying the applicants original
typesoript. It my contain s few amendments which are difficult to vead. The oxiginal
typesoript oontaining these amendments may be inspected on the premises of the Patent Office



