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't”fﬂuting circuit". The. present invention relates to a nuting circuit. A

own nmuting circuit providing a | arge signal attenugk&o s§§§§5%h
previously 5 di scl osed by us in an electronic swt ﬁﬁggﬂr ich C:
makes use of a differential transistor circuit such as the one shown in :
Figure 1.of the acconpanying drawings. In this circuit, the collector 10

el ectrodes of differential anplification transistors [err] and [err] for

signal transm ssion are connected in comobn to respective collector [

el ectrodes of differential transistorsl 3 and [err] for formng a D.C 4
signal at the time 15 of nuting operation. Constant current [err] are

connected to -2- common emtter electrodes of the respective pairs of
differential transistors [err] and [err]. . The constant current .
transistors [err] are selective 23 zoperated by a switch SW5

An input signal is applied to the base el ectrode of the differenti al
transistor [err] A bias voltage [err] is applied to the base el ectrode

The. present invention relates to a
muting circuit.
‘A known muting circuit pfoviding-a
large signal attenuation has been previously
5 disclosed by us in an electronic s&itching circuit
which makes use of a differential transistor
circuit such as the one shown in Figure i of
the accompanying drawings.
In this circuit, the colleétor
10 electrodes of differential amplification
transistors Q, aﬁd Q, for signal transmission
are connected in common to respective collector
electrodes of differential transistors Q,
and Q, for forming a D.C. signal at the time
15 of muting operation. Constant current

QS' 06 are connected to



of transistor [err] via a bias resistor [err] and also directly to the
A

base el ectrode of the 10 differential transistor

[err].

fiegati ve feedback signal is applied to the base el ectrodes of the

txansistors [err] ahd [err] via a feedback circuit [err], in order to set
the gain of the differential anplification transistor circuit and also to
15 . Provide a D.C. bias voltage. This circui-t operates as follows: Wen

the swtch SW is set to position a, the <odstant current transistor
becQoes non- 5 conductive whil.st the constant current transistor 20
[err] becomes conductive so that the differential anplification transistors

[err] and [err] %&nﬁeﬁngﬂlﬁér“@lééﬁré@@s%ffﬂﬁén}éépeéffw?élﬁéﬂ@ [e”]

and [err] are turned on. Consequently, only th e sanme D. C. signal

and o1 can E?gﬁbEé.{’ﬁeﬁf??%%ﬁi%i‘)ﬁf%ﬂ#’%tﬁpgcﬂ# > ot e, g,

SMAtCh 5 SW is get.to t he OSItIOﬁﬁg?Fégéggia;ﬁégghl%ie%£%#%i

transistors [errfongteBhecupnent: tyan
Accordingly, a large signal attenuation can be

and alternately operated by a switch SW

1.

5 | An input signal is applied to the

base electrode of the differential transistor Q1

Q

i cation
YIN

A bias voltage V_, is applied to the base electrode

B1

of transistor 01 via a bias resistor RB’ and also

directly to the base electrode of the

10 differential transistor Q. A negative feedback

3°

signal is applied to the base electrodes of the

transistors 02 and Qh via a feedback circuit 8,

in order to set the gain of the differential

amplification_transistor circuit and also to

15 provide a D.C. bias voltage.

This circuit operates as followss

When the switch SW, is set to position 3,-the

1

constant current transistor Q5 becomes non-

conductive whilst the constant current transistor

20 06 begomes conductive so that the differential

amplification transistors Q1 and 02

whilst the differential transistors Q, and Qh are

3

are turned off

turned on. Consequently, only the same D.C. signal



@fégbained wi t hout changing the D.C. output signal. 10 Ve
“have found that in this nuting circuit when the input signal INis applied
via a coupling capacitor -[err] the followi ng problemoccurs. It is to be |
assurmed that the input terminal INin=FJgmre 1 is substantiatly earthed 15‘(
through the practically negligible. inpedance of a signal source (not
shown), -so that the_bias voltage V __rises instantly at_the tine [err] .
i medi ately aft@p the Péﬂ§rVpé%@gﬁnygﬁedt§§tsﬁéwﬁorﬁeﬁi&Urghf of the —
acconpanyi ng draw ngs, whereas 20 the voltage [err] at the junction"'
bet ween 't he cougiiffgreafdialt dransisitornsd Qhend & ,r eansber obdadhedr adual | y
rises/due to the time constant of the capacitor Cl1L and the resistor [err].

Accordingly, if fi-ba tWel o burs - 4 - set to the position a during a
predeterm ned period fromthe tinme [err] to the tinme [err] the base

vol tage of both differential gpplifd %thgnh%53n5h5g9y§ kelshdi teh €qual to
the bias voltage V  and consequently, the ’ coIPéctor potential of

the trapsistor [grr], bec ) rrl . _.Si.nce,an_ out put, coupli.ng capacitor
[err] ¢ nnectedgﬁg kﬁeﬂﬁﬂﬁhﬂ[é%ﬁ%Fﬁ%li@BTEan&%th;ff%reRtidi

amplifi:catién transistors QH and Q, become

2
cbnductiQe'ah& transmit the input signal IN.
Accordingly, a lérgé signal attenuation can be
obtained without chaﬁging the D.C. 6utput signal.

10 Ve have found that in this muting
circuit when the input signal IN is .appliéd.via

' é coupling capacitor Ci the'fbllowing.pfoblem_occurs.
| It is to be assﬁmed.that_the input
terminal IN in'Fiéure 1 is-sub#tantially earthed

15 through the-préctiéally negiigible.impedénce of
a signal source (ﬁot shown), so that ihe bias

B1

immediately after the power is connected as shown

voltage V_, rises instantly at fhe time t1,

in Figure 2 of the accompanying drawings, whereas

20 the voltage VB1, at the Junction betweeﬁ the

coupling capééifor C1 and the bias fesistor RB’
‘gradually : : :

rises/due to the time constant of the capaciter

c

1 and the resigtor RB',

is

'Accordingly, if the switch SW,



| npedance of a | oad (not shown) forma differential circuit together, the
wavef orm obt ai ned by 10 differentiating the collector potential [err]
of the transistor [err] occurs at the output termnal OUT at the time [err]

asvshown in the wavef orm di agram of Figure 2. This transi ent response
wavef orm occurring at the tinme t1 eventtdally results in a 15 poppi ng
noi se, but can be prevented by arranging a nuting circuit (not shown) at a.
subsequent stage in this circuit. Wen the switch [err] is switched from
poshii on a to posigebrid the tpesitiiom t2, dutimgdas prieterminlest tpexdod i rtdwe

- transistor 2 is biased by the bias voltage V whereas the base el ectrode

of the Bl transistgfe [€fde ¢S5 ¥ 3ass Pind M VOolHSMBadL W1t o D ther

than the bias voltage [err] 1 ~Consequent | ﬁ,' since a voltage difference

[err] as shown in V.ef O ' L.gur i pRl.i bet ween

t he base el ect rode‘i@eq% f@ﬁﬁ%@ifﬁ%ﬁf%@noﬁiaq%%édg% ?«g\?] and
[err], the collector, potential: of the transistor_[err] drastically drops
at the tine t2. 5equal tg,cthgRikas WObtasfppyen faensaauentln e

col | ector £otential by the output coupling capacitor [err] and the '

- inpedance »f the. |enklextor potential of the transistor Q, becomes

Vﬁnlﬂ. Since‘an.qqtput qoupling capacitor C°
connected to the output tefminai_OUT and the
impedance of a.load (not éhown) form a differential
circuit together, thé waveform'obiained by
10 diffefentiating.the.collector potential VB1/B of the
..'transistor 04 occurs aﬁ the output terminal OUT
at the time t1{-as shown iﬁ the wavefbrm diagram of
Figure 2. This transiént response waveform
occurring at tﬂé time t1 eventually results in a
15_ popping noise,‘but can be preveﬁted by arranging
a muting circuit (not shown) at a subséqueht stage
in this circuit. |
W#en the switch SW

1
position a to position b at the time t,,. the base

is switched from

2

bias voltage VB1 whereas-'the base electrode of the

transistor Q; is biased by the voltage V' which

is lower than the bias voltage VB1 . Consequently,

20 electrode of thé _transistor_ Q, is biased by the

since a voltage difference AV as shown in the



@9‘ the output terminal OUT at the time [err] as shown in the waveform
dlagran1of Figure 2. 10 W have found that prevention of
.the popping noise at the time t2 can be acconplished by reducing the tlne,\J
constant at the rise of the voltage=[®r+] to an extrenely small val ue: '
Accordingly, we have exam ned the idea of reducing 15 t he capacitance
of the coupling capacitor [err] but_this idea was abandoned becguse a
probl em of phas¥ayefern;¢iagran of (Figueecy 15 pepLied;ketveen the ng t he
resi stance of the bias resistor Rwas also attenpted, but this idea was 20 .
al so abandoned beseuekectrodes| aficthegdbffehentiplit anppifiberbien t he i nput
terminal IN Cccurrence of the popping noise due to the transient response

wavef orm at t hetféﬂsiétofanq)eam eaeptade bdoméeﬁarrggmtﬂ_ oBting
circuit -6 (not shown) at'la subse quent stage of this circuit, but when

t he capaC|tancetR% %£§%%9§?$%”Q c&p élf?d%ﬁ srgglgﬁgngfhgftthe bi as

resistor R are se er2] out respectlveI? the 5

9 51, O e R ﬁﬁ@éeﬁg S§EcBlrpEyLREHRL) L 20e o s
operation is collector potential by the output coupling
capacitor C and the 1mpedance of the load occurs
at the output terminal OUT at the time tz as shown
in the waveform diagram of Figure 2. |
10 | | ' We have found that prevention of the
popping noise at the time t, can be accomplished by
reducing the time consfant at the rise of the
voltage VB1' touan extremely small value.
Accordingly,.we”héve éxamined the idea of reducing
15 the'éapééitance Qf the cdupling cépacitorhc1, but
: this idea was aﬁéhdoned.becaﬁse é probiém of phase
in#ersioh of ldw'frequency signél; arises.
_ Reducing thé resistance of the bias
resistor RB'was aiéo atfempted, but this idea was
20 also abandoned because of the lowering of the input
impedance at the input tefminél.IN._
| Occﬁrrence of.the popping noise due

to the transient responSé.waveform at the time t, can

be prevénted by arrénging another muting circuit



carried out for such-a relatively long period after turning on the power 'ﬁﬁ
source, the listener mght 10 think that the radio receiver was out of
erder. On the other hand, as one of the additional functions of an FMradio
reeeiver, a nuting circuit for elimninatgng offensive noise between stations
during selection of the stations 15 has previ ously been known, such as
that disclosed in "H -FI FM TUNER', p. 193-199, published on August 20,

1976 .by N ppon Hos okai . EM radi o receivers | oyLn hi s, mutjng
ciresit in a rmnol&?‘ﬁc@%ﬁfoﬂﬁﬁt%‘?bwuen{ §€ﬁr£%r#e%’ . r%jtﬁ“fu')‘f%'r FM

i ntermedi ate frequency anplification and detection are commercially

avai | abl e from bothukhendthe terprcitance ofirthe esuphing capgritonand
drawi ngs shows a bl ock di agram of ‘an FM radi o receiver - 7 - including

t he nmonol i thi c senthhenresistance egf atleel biasurésistdiniR_ rawe csetckld ver was
exam ned by us prior to the filing of this patent appliTation. The FMradio

receiver shown in Zhowte1GuP and abow§! A0KShs lORGLHEELLVEBF] caReluct or

integrated circuit I1C for FMinternediate frequency anplification and

deteCti(”Ls  1T”S ﬁﬂ%fﬂéa£fﬂec$fcgﬂé &&%iﬁgcéﬂggﬁrenarranged at the

' subsequent stage of this circuit must be set to about

P
£

three secbnds. waéver,.if thé_muting operation is
carried out for such a relatively long period_éfter
turning on'fhe powér séurce, the listener might
10 . think that the radio receiver was out of order.
| | On the other hand, as one o: the
additional fﬁnctions‘of an FM radio feceiver, a
muting circuit.for eliminating offensive noi#e
betﬁeen stations du:ing seiéction of the stations
15 has previously béen knowﬁ, such as that disclosed in
"HI-FI FM TUNER", p. 193-199. published on |
August 20, 1976 by Nippqﬁ_Hoso Kyokai.
| fM radio recéivérg enploying thié
muting circuit in a monolithic semiconductor
20 | iﬁtegrated.circuit for FM intermediate frequency
amplification and detéctioﬁ afe'gbmmercially
availab1e fr6m both RCA_and Hitachi Ltd.
Figure 3 of thé accompanjing drawings

shpws a block diagram of an FM radio receiver



i nternmedi ate frequency anplification stage 1, an FM detection stage 2, a

l ow frequency anplification 10 stage 3, a detuning detection circuit

4, and a nmute control circuit 6 for o?ntroll|ng the nuting operation at the -~
| ow frequency anplification stage 3. Additionally, this fonol-ithic ~t
sem conductor integrated circuit includes an AFC circuit and a 1evel

detection 15 inc.'ﬁhd thd NFoe 1S SR Sortiudbb s N e &g Heesl as the

i nput signals to the unlng etection circuit 4. A tlne const ant circuit.

5 1is provided f vin h_f uency. component nt d.in the <«
det uni ng det ect‘foftﬁ&‘gﬁ gr%g raéfg recdiveriias a’i'—%f ‘gali’}g Y%cei ver al so
i ncl udes a nonolithic, sen1conductor integrated circuit 1C2 for FM stereo
denodul ation. PTIRR ?%t*&ﬁ af%tlirégr%ﬁlth?%rll’? tenhappikicatipre anplifier 7,

a PLL (phase | ocked I oop) circuit 8 for formng a 38KHz swi tching signal
-8- synchronous with a 19KHz Thé EMsraditd receivewrdshowm in Fitgurenposite
signal, and a stereo denodulation circuit 9. - The stereo conposite signal

f or med #)y t he FHWMERIESS | #MEhoTIHAIE sémPOShdEStsH izb@e%mlédoéii-&\@iﬁ

pre-anplifier 7 via a coupling capacitor [érr] whilst the stereo

gﬁg"?%ﬁt ! gﬂaﬁ'nfecfé'foﬁ P’ (Bt ShRE EPatE "BALLGLAEY é:%ﬂfiéatf%r?faﬁd?e left
detection. This integrated circuit IC includes an
'FM intermediate frequency amplification stage 1, an
FM detection stage 2, a low frequency amplification
10 . stage 3, a detuning detection circuit h and a mute
-control circuit 6 for controlling the muting operation
at the low frequency amplification stage 3.
Additionally, this monolithic semiconductor integrated
circuit includes an AFC circuit and a level detection
15 circuit, the output.signals of which-are.used as
| the input signals to the.detuning detection circuit 4.
A time constant circuit 5 is provided for removing
high freduency components contained in the'detuning
detection signal.
20 The Fﬁ radio.receiver also includes a
monolithic semiconductor integrated circuit IC2 for
FM stereo demodulation. 'This.integrated circuit

IC., includes a pre~amplifier 7, & PLL (phase locked

2
loop) circuit 8 for forming a 38KHz switching signal



-

by receiving at its input the stereo conposite signal passing through the
pre-anplifier 7 and the 10 38KHz switching signal fornmed by the PLL
egircuit 8. The nonolithic sem conductor in Qgrated circuit IC also includes
atdi tional circurts for 2 stereo-nonaural detection, selection and display.

In the nonolithic sem conductor 15 integrated circuit [err] the

poppi ng noi se [er rgﬁ%ﬁﬁw%j_{ﬂ t{%&ﬂﬂﬁgﬁé&g&ﬁggﬁf& tf changes

in the D.C. voltage i aracteristic curv etection
cirsgit 2 as shown_jn Figure 4 t he acconpanyi ng dr aw ngs, durj the 20
nuting operation fd e%ﬁ%nﬁ?%%ﬁ%rs?ﬂﬁt u%ﬁ&ggt% %?%m?%d%@%h ection
of det uni ng. Accordinq%% we have exam ned t he possiMIié&:of provi ding a
muting circuit 10 @irewkt Qu putThe sheree sempeshbesianah forred (b He t he

subsequent st age. In such a case, the nmuting circuit 10 must exhibit fast
mut e-rel ease tim ngMidetedtion ngircwit d2t Lisi appl bed uto Nthelnthpwet afietherut e
timng for shifting fromtuning to detuning in its nuting operation 5 in

E) he nonol ighic s’e?ﬁ%miéﬁtrwaed Souslihg ! Sdpaci ®AqS, L hagpi TR | ng
perations are independently controlled, the timngs are di f¥QQult to set
and are the stereo demodulation circuit 9 forms stereo
demodulated signals L, R of the left and right éhanneis :
by receiving at its input the stereo composite
'signal passing through the pre-amplifier 7 and the-
10 ~ 38KHz switching signal formed by the PLL circuit 8.
| The-monolithic'semicqnductor integrated
circuit IC, also includes additional circuits for
stereo-monaural detection, selectidn and display.
In the monblithic semiconductor
15 intégr;ted circuit IC,, the pépping noise vﬁop
originates from the FM detection stage 2 due to
changes in the D.C. voltage in the S characferistic
curve of the FM detection circuit 2 as shown in
Figure 4 of the accompanying drawings during the
20 muting operation for changing over from tuning to
defuning- upon detection of.détuning.
Accordingly, ﬁe have examined the |
possibility of providing a muting circuit 10 at the

- output of the stereo demodulation circuit 9 as the



(g%%ghly susceptible to variance of elenent characteristics. 10

reover, the coupling.capacitor [err] which is positioned between the two
mut i hg circuits 6 and 10, causes a. tlng%advance of the signal to the '\J’
subsequent nuting circuit, so that it comes extremely difficult for the
subsequent muting circuit 10 to 15 elimnate the popping noise generated in

the preceding myLi ‘?]'9‘@&*?'. bt ell ifnt fOrEadd Oﬁnf%ﬁn g @ fnasent

i nvention to provi IrCUIt I C preven'fs t he occurrence of a

poppi hg noi se at he tjne t eas after

source. Accordin 4: &‘Bibﬁ'efﬁﬂ? # ?\a??l ’éﬂ&% %&eﬂ&ﬂﬁ:’el ng
circuit includin (a first and second tranS|stors having their emtter
el ectrodes conn Q!!I etuning ctoctuning and retarded muts timing ffor

transistors having their emtter el ectrodes connected to each other; (c) a
first constant cshiftingofrom -mmtw-dﬂumgmut-ﬂsmwn@mthd
first and second transistors; (d) a second constant current source

tcfggglci_teg r 2_05 t hegd Oghe moﬁélitﬁic esefii 668ddc tor Sﬁrﬁeﬁ‘&f.éﬁ agfirdwi th
-I(:‘| . Since these muting operations are independently
controlled, the timings are -difficult to set and are
highly susceptible to variance .of' element
characteristics.

10 .. Moreover, the coupling capacitor C100
which is positioned between the two muting circuits 6
and 10, causes a time advance of the signal to the
subsequent mutins circuit, so that it becomes extremely
difficult for the subsequent muting circuit 10 to

15 eliminate the po_pp'ing noise generated in the
preceding. muting circuit 6.

It is therefore an object of the present
1svention to provide a muting circuit which prevents "the
occurrence of a popping noise at the time of mute

20 Trelease _af‘Eer turning on the power source.

‘According to



2 '

(e) a coupling capacitor for feeding an input signal to the base el ectrode
of said first transistor; (f) a bias resistor having one end thereof

gonnected to the base el ectrode of said first transistor and the 15

other end connected fo the base el ect rodd0of said third transistor; (9)

bi as.vol tage generation neans connected to the base el ectrode of said third
transi stor and to said other end of said bias resistor; 20 (h) load

meang connect ed topiregend lienlerritioncdhesec ief provd dedcanautiagsicireniand to
t hes.gol | ector el ectrode of said fourth transistor; (i) a feedback circuit

connect ed bet ween g gq&dyﬂégneans and the base el ectrodes of said second
and - 11 - fourth transrstors; (j) nmeans for alternatively controlling

and bringing either, qne Qf said first and secqnd constant cutrent squrces
into the operatiVe(éﬁatgiﬁé}Iﬁﬁg'5Fﬁ€P -%ang SYoRE %ﬁg Eﬁé%ﬁ? Ts Qgiﬁegnd
(k) a switching el enent connected between said one end and said other end
of said bias resistdecdapdes sonaectedo toneack othersfor a predet er ni ned

period after the switching on of the power source of the 10 -nuting circuit.
5 (b) third and fourth transistors having their emitter

electrodes connected to each other;
(c) a first constant current source connected to the
emitter electrodes of said first and second transistors;
(d) a second éonstant current source connected to the
10 emitter-electrodes of said third and fourth transistors;
(e) a coupling'capacitor for feeding an input signal
to the base electrode of said first tranéistor;
(£f) a bias resistor having one end thereof connected
to the base electrode of said first transistor and the
15 other end connected to the base electrode of said
third transistor; | |
(g) bias voltage generation means connected to the
base electrode of said.third traﬁsistor and to said
other'end of said bias.resistor;
20 (h). load means connected to the collector electrode
of said second transistor and to the collector’
electrode of said fourth transistor;
(1) a feedback circult connected between said load

means and the base electrodes of said second and



- &

-@S@e present invention will now be descrihed in greater detail by way of
_ exanmple with reference to the remaining figures of the acconpanying _
drawi ngs, wherein:- Figure 5 is a circuit diagramof a preferred form of LJ'
muting circuit; Figure 6 is a waveformdiagramto. 5 expl ain the
operation of the nuting circuit showm in Figure 5; Figure 7 is a detailed
circuit diagramof the preferred forg1g£ muting circuit; Figure 8 is a
bl ock di agram of an FM 10 radi o retel ver incorporating a nuting o
circuit; Figure 9 is a waveformdiagramto explain the operation of t he ¥R
recei ver showfiountki ynaes8stansl; Figure 10 is a detailed circuit diagram 15
showi ng the second part of the FMradio receiver shown in Figure 8.
Referring firéj)toeans foriajternativetyodAntrokigngeand PrRéNgdndect or
el ectrodes of differential anplification_ transistors [err] and éerr] for 20
signal transneither ane ebnfatdclirft andoRer8nicSPREFRDE EBFFEREor |
el ectrodes of differential gransistors-[egr% fordfgﬁninghthe.DEg: si gnal at
the tinme of tREURGEEngNEReFALi BREFALEERsEHALS 2 € other in

5 the inoperative state; and
(k) a switching element connected betwgen said one
end and said other end of said bias resistor and
actnated into the ON state for a predetermined period
after the switching on of the power source of the

10 muting circuif;

| The preéeni inﬁention will noﬁ be described

in greater detail by way of examplé with reference

to the_remaining figures of the accompanying



2 .
“current transistors [err] and [err] are alternately operated 13 by a
swtech [err] and are connected to the common emtter el ectrodes of the
kespective pairs of differential tran5|stg .[err] and [err] The bias
voPtage [err] is-applied to the 5 - - electrode of the differentia
anplification transistor [err] to which the input signal INis also

applied, via the s .,resist whil st the bias voltage [err] is
directly applied Bﬁapﬁggﬁhs %@F%§F¥‘He of the differential transistor

[ er™e A negative feedback 10 signal is applied to the base '
el ectrodes of the transistors [ &igurend Her @ ciirguitr ddagrern oifr aui t [err]
In set order to/the gain of the differential anplification transistor

circuit and provi geetfleerriedCformofvahitdeg cAricudd;sresistor RL i s connected
to the 15 coll ector electrodes of the transistors ‘[err] and also to

the output term nal OUT. An | pRhL Y @dls 'aN#a%e%E-H aq_a?q.ahhq;obase

el ectrode of the transistor [err] via a coupling capacitor [err] :
smﬁtching ran5|st rr .l e he bi.as
Fesi stor BB i or SAPIEGT RS PSR A, e B TRg SR HRE (i e
of nute release atter turning on the power source,
_ Figure 5; _ .
Figure 7 is a detailed circuit diagram
of the preferred form of muting circuit;

Figure 8 is a block diagram of an FH

10 radio receiver incorporatiﬁg a muting circuit;

Figure 9 is a waveform diagram to explain
the operation of the FM receiver shown in Figure 8; and

Figure 10 is a detailed circuit diagram

15  showing the second part of the FM radio receiver
" shown in Figure 8.

Referring first to the muting circuit
shown in Figure 5, the collector electrodes of
differential amplification transistors Q1 and Q2 for

20 Signal transmission are connected in common to
respective collector electrodes of differential
transistors Q3 and Qh for forming the D.C. signal
at fhe tiﬁe of the muting opefation. Constant

current transistors 05 and QS are alternately operated



ko . L3
_ E@h Is controlled by a voltage V applied via a switch [err]. This switch -

[err] is placed into position a', when the power source is applied, _
thereby turning on the transistor [err].1® The transistor [err] is kept ON’ -«
until the switch [err] is changed over to position b or before the rel ease™

of the nmuting operation, and is turned off 5 after the release of the
muting operati doy a switchtsw) edndeapectonnedtedatobthé swmienies [err] and
[err] be operated in an interfocking arrangenent by the same control -

Si gnal . The Tt g DT €1408rblesNBe SthichesWbifive patiEoghe pover souree

in this circuit 1s.turned on 1s the sane as" rcurt shown in. Figure

1, and so its e nat i | s, omtted. he Rias_registQr Ris
short-circuitedigtfé¢ﬁp€£%$ng?B?ifg?Ff' PcﬁzignaeQEErgd‘conductive-by t he
switch [err] imrediately after 15 - t he power source_is_turned on. '
Therefore, as shown in the walReobhrai ¥9thnaeer Vi) glife2BPlied Bastheol t age
[err] of the differential anplification transistor [err] substantially

foll owsSthe bi dsaseleeetfede] ofhtbe qiffergntiaksamphificationt he power
'source is turned 20 on at ‘the tine [err]. Accordi ngly, when the

switch [err] istrdmédetorVa],  BopeBithothe #hptibesipnEl[ERristg1s6l ease the
muti ng operation, the bias Vvoltage [err] and the voltage [err] becone

equal to each o{fig716@, via the bias resistor Ry, whilst the bias

voltage 351 is directly applied to the base electrode

of the differential transistor Q3. A negative feedback
10 signal is_appliéd to the base electrodes of the
transistors Q2 and Q, via a feedback circuit B, in
order :t?ihe gain of the differential amplification
transistor circuit and provide_the D.C. bias voltage.
A load resistor R is cénnected fo the
15 - collector electrodes of the transistors 02 and Qb
| an¢ also to the output ﬁerminal OuT. An input signal
IN is applied to the base,elegtrode of the transistor
QH via a coupling capacitor C1._
| A switching transistqr-Q7 is arranged
20  in parallel to the bias resistor RB_iﬁ.order to
'prefent occurrence of the popping noise at the time
of mute release after turning on the power source,

| and is controlled by a voltage V applied via a

switch SWZ. This switch SWé is placed into position a‘,



©
that the popping noi se does not occur. I ncidentally, the voltage éép
fluctuation occurring at the tine t1l innedh tely after turning on the power =~
seurce (or the popping noise) can be elimnated by the muting circuit of
tH%Jsubsequent 5+ " stage which also functions to protect the speaker
connected to-a power anplifrer that is sinultaneously turned on. However,

miting i four t ot ehens tRECRENSr Eplrbele’ sppl 180T ehaReBY tirilE s

muting circuit at the su stage has a

the saplification ¢gircyit at the subsequyent ,stage iis operative and the .
vol t age fluctuatio%hfs 5?8?&?&85 *a IE@& ﬁﬁﬁﬁgiﬁtﬁ& . igckepiti QY wBRilo
the second preferred formshown in Figure 7, the muting circuit includes 15
circuit elements tkBe swdtehr f¥y ds shenggde overp tei posdirionbyt pat beifore

accordance with a well known sem conductor manufacturing technique. -

However, a capacit the[ eellpaser ofi ther mhting opérationgcahar iketulneanseet ed
via termnals [err] and [err] are formed by 20 ext ernal conponents.

The mutingscircul t agkekhithecrBodaBBNbakER hiRIHOBBeRatIoRL C” aFRI ifi e for
er. ccor ne

a stereo denodulation circuit in an FMsiereo tu i ngly,

Qi rierential ampli bheablrdRe! pFA26HEA Ehat bbth bwitehds SW2"3H TH) ve
operated in an intérlocking arrangement by the same
control signal.

| The muting operation by the switch SWH
10 when the power source in this circuit is turned oﬁ is
the same as in the circuit shown ih Figure 1; and so
its explanation is omitted. The bias resistor RB
is short-circuited by the transistor Q7 @hich is
renderedlconductive by the switch SW, immediately after
15 _ .the power source is turned on: Therefore,'as shown
in the waveform diagram of Figure 6, the base voltage
Vg, ! of the differential amplification transistor Q,
B

quickly rises immediately the power source is turned

-substantially follows the bias voltage V. 19 which

20 ~on at_the time t1.;_'According1y, when the switch SW,
is changed over to positioh b at the time t, to
‘release the muting operation, thé bias voltage VB1.
and the vbitage v '.become-equal to each other so

B1
that the popping noise does not occur.



@Eﬁ transistors [err] and [err] connected in Darlington configuration in
order to realize a high input inpedance,and also to increase the open | oop

gai n. The emtter electrodes of the tf%

on the input side are provided with constant current source eircuits for

by transistors [err] and and resistors R and R respectively. The

emtter electrodes of the tr err and err] re coupl ed via
enitter resistors [err] S ia Atal Yre£p§t89 gge T P@FPF%€P§ | ocat ech.

bet ween the juncti-on of these resrstors and the collector el ectrode of .t#€
constant currefecurahbgsadr thestimeet sivpedintelykafiter turaing bvt ween
" the collector electrode of the constant 15 current transistor [err]

and the. enittethel powepdssustet (ordthéepoppink hoase)stansbeerr] and [err]
whi ch are connected to each other. A current mrror circuit is arranged at

the collector sifﬁiﬁaéea BY the ﬁ{mihg' E2rEAft28s the %ﬁﬁﬁééﬁ%ﬁ‘ts [err]

and [err] as a and Ttonsists of "transistors [err nplified

out putsi S appl %fgggdwﬁngSIS{sgrf{lﬂ;ﬁMﬁa P8¢ Bbeabk kb £BUBkel N0 of @

transrstor [ er

connected to a power amplifier that is simultaneously
turned on. prever, when the pbpping noise-occurs_at
the time_tz, the muting operation of the muting circuit
at the subsequent stage has already.released so that
10 the amplification circuit at the'subsequent stage is
operative and the voltage fluctuation is amplified
as a loud popping noise. ) |
Referring now to the secon& preferred
form shown in Figure 7, the muting circuit includes
15 circult elements that are formed on a single chip
silicon substrate in accordance with a well known
semiconductor ﬁanufacturing technique. However, a
capacitor C,, a resistor R207and'a'capaéitor C3
connected via terminals P, and P, are formed by
20 external components. The muting circuit of this
| embodiment also functions as a pre-amplifier for a
stereo demodulation circuit in an FM stereo tuner.

Accordingly, the differential amplification

transistor circuit for signallﬁransmiSSion'coneists

nsistors 5 [err] and [err] ..



% ‘.‘;‘b
An out put signal is obtained froman output termnal OUT and is fed back to
the base el ectrodes of the transistors [err]. A capacitor [err] for
fQreventing oscillation is connected 5  to the base electrode of the
emtter follower transistor Q the capacitor being an MOS (netal oxide

sem conductor) capacitor. .Aresistor [err] for preventing electrostatic

br eakdown i s conn ' : 1Qy trodey ﬁﬂgé' '
anplification tra(r?s:'ﬁlt gk)érﬁfeﬁz@ﬁb’n%he’ paolg\dieﬁf ’of}?&ecq"s turﬂnée]i(;%(?n, an

I nttegration voltage fyomgthe -RC circuit, [er copnected t he term.nal P-

is applied to the rﬁ‘é‘?‘éc‘i‘f’b@eﬂ‘ﬁag‘{q i cgq.r [ r‘]eaouxtﬁea aﬁ}j!ﬂ? st or
[err] 15 Level shift diodes-[ernidéége term"di ode" w Il  hereinafter

i ncl ude di ode conrldwl inRedanceran & fesingrgagerthe open doffected in
series wwth.the emtter electrode of the transistor [err] The voltage drop
across the resist@airsr] The embiptercdkeldctrodes of Nthdadgsmmiistorsie of the

transistor [err] via a resistor [err] Resistor [err] is arranged between
the col l'egj or el eqhOGmPiQlNidgn HRNSIHIPE side AW Frowl dad vt cohd @it
which is Righer thah the bids voltage [err] The coll ector voltage of the

current source circuits formed by transistors Q,, and

11
012 and resistorS-Rs aﬁd R7'respéctive1y. The
emitter electrodes of the transistors Q and Qz_are
coupled via emitter resisﬁors R, and R2. A resistor

10 R3 is located between the Junction of these resistor#
and the collector électrode of the constant current |
transistor.ds. | |

A resistor Rh.is likewise located
between the collector electrode of the constant

15 current transistor 06 and the emiﬁter electrodes of

the differential transistors Q. and Qa which are

3
conmected to each other.
_A current miri-or circuit is arranged
" at the collectér electrodes of the amplification
20 transistors Q, and Q, as a 'lo.ad, and consists of
‘transistors Qg and Qg | o
| . This amplified output is applied to an

emitter follower output circuit consiéting of a

transistor Q10 and a res_istor RS'



g%ﬁwwistor [efr] Is applied to the base el ectrode of the transistor as

Its controlling signal. Accordingly, _the transistor [err] and the
resistor [err] together formthe Swit&R [err] 5 _ The -+
. voltage drop across the resistor [err] is applied to the base el ectrode OPJ

the transistor [err] and a di?ﬂs?%%gﬁg bigﬁ%ﬂ”fﬁtSﬂtgfnﬁﬁeErBﬁeaﬁ”‘tter

el ectrode of this transistor to act as a constant vol tage

sour ce. Furt her tor 4 is.l ed beiween the collector
el ectrode of th%utpgﬁsggfﬂtnfirﬁp ssfﬁﬁl8?§%d990igﬁg§a§8urce [err] ™
A voltage fromthe stabilized voltage source Vccl which has been

| evel -shi fted bgleetepdeni of thedéransistonadQ aadia%bs [eAr] is 15
applied to the base el ectrode of a transistor ?err] ilst the collector

vol tage of the ¢apasisbpr Eelfbi" poeaantind bsciltabicn £kecbnnedeted a
transistor [err] through a%resistor [err]. The emtter el ectrodes of

these tgansistogg tﬁértaééeeie?tfﬁaﬁdo OtR&Cémifter fo?}aﬁﬁrand to the

stabilized voltage source [err rough a resistor [err ese transistors
oL ea™Co LeFFAneFhEoR, B 2.) S eApRPLFAICHR 60, 15oH6S thekbiotiiad'e
semiconductor) capacitor.
| A resistor RB' for preventing
electrostatic breakdcwn is connected to the base
10 e1ectrode.of the input amplification transistor Q1'.
| Vhen the power 30urce_is turned on, an
integration.voltage from the.RC circn;t.Rzo, C3
connected to the terminal P2 is.applied to the base
electrode of a transistor Q13 via a resistor R11.
15 Level shift diodes 014 and Q15_(the term_"diode“ will
| hereinafter include diode.ccnnected transistors)
end.a resistor R13 are connected in series with the
.emitter electrode of the transistor 013
The voltege drop.across the reeistor R13 is applied
20 %o the base electrode of the transistor Q¢ via a
reeistor R, 5e .ﬁesistor Ryg 18 arranged_between.the
collector electrode of this.transistor Q16 and a
voltage source Vcca,_whichtis_higher'than the bias

voltage V

B1° The collector voitage of the



respectively. The col l ector voltages of these transistors [err] and
[err] are applied as the controlling signals to the base el ectrodes of the
gonstant current transistors [err] and [er% through resistors [err] 5
ald' RO respectively. © Accordingly, these!@ircuit el ements formthe switch
SWL. The operation of these switches [err] and [err]. is as follows. During
the period frominmmedi ately 10 after the power source is turned on
untjl. its integrattdansisdge ai the apphiedl tB2theabhse 4Yettrbascognitter
vol&age of the transistor-.or f pmard vol tage of the diode), the transistor .

QL6 is held non-coﬂﬂﬁ_ ﬁsiQtBPagthE Q%§ec¥ﬁkfagifﬁg gbﬁgnce t he

transistor 07 is as as the voWtage source [err

transistor [err] is turned on. xcee t he.aboye
mentioned voltage 4 VBE, the tra §F8F§?né§x' gﬁFugﬁgﬂsbﬁth Pmﬁtg?ﬂe
transistor [err] is turned of f t he ot her hand,
since the transist&he resi§tﬁ§IBq@OﬁOSGﬁBGEtf?EdeFPngwiﬁéhpéw od before
t he abovenentioned integration voltage reaches [err] the dlfferentlal
transistorS[err] is held non-con@fhet vodtagel drophacrhoksetbet resistansi stor
[err]

R13 is applied to the base electrode of the

transistor Q17, and a diode Q18

the emiéter electrode of this transistor Q

is connected between

17 and earth

to act as a constant voltage source. Further, a
10 resistor'R14 is located between the collector

electrode of the transistor Q17 and a stabilized

voltage source Vécl. A voltage from the stabilized
voltage source V cl which has been level-shifted by

level shift diodes 021, 022 and a resistor R19 ia

15 applied to the base electrode of a transistor on

whilst the collector voltage of the transistor Q17

is applied to the base electrode of a transistor Q19

through a resistor R The emitter electrodes of

15°

these transistors Q19 and QZO are connected to each
20 other and to the stabilized voltage source vccll

through a resistor R16‘

50 are

p~-n-p transistors whose collector electrodes are

These transistors Qg and Q

and R

eonnected to earth tﬁrough resistors R 18°

17



j= hel d conducti ve. Accordingly, the constant current transistor [err] is
operative whilst the constant current transistor [err] is inoperative,

thereby performng the sane operation &% when the switch [err] is set to -«
the 5 position a. Thus, the nuting operation is carried out. Wen
the voltage at the termi nal P2 exceeds [err], the transistor [err] is
turned on so thaispdetididliyes entThd doldreddmrval tages tof Mdtessm 10 With

the differential transistor [err] being turned off. .Consequently, the -

constant curr entrdi NGO Tddd 4.5, A Alpyer id S KA OB Eng ur TRt

transistor @ is I noperativel9therel® performng the same operation as when

the swwtch SW is_s t,0 the Rositiagn ce l4ng is rel eased
and si gnal t.rarﬂjrsﬁ%a;e‘f"t%ﬁtq _stri'éet g’ﬁseed.e%ﬁ:égt ré#%%l?/f ]ﬁ‘hee %?I}gc%glr%aoperat es so .
that the switching transistor [err] is turned off tigfore t he i ng
operation is rurent inanglsfors gy and Qg athreus s to

enpl oy a construction in which the constant current transistors [err] and
[err] &re alteramd iRgInespactkidvedy. whekceordinglyithese glranids are
turned on. As the switching nmeans for short-circuiting the base bias
resistor R a WWWMWWdH‘ SW1.
| | . 'Th_e operation of these. switches_ SW1 and
'SWZ .is as follows. | I_ |
| Dﬁring the pefiod from immediately
10 “after the powe.r soufée is tt;rneﬁ on until its
integfated_ volfége ﬁt the. 'terminai P2 reache.s L’VBE'
(base-emitter vblfégé of the transistor or forward
.- volté.ge of the' diode), the trénsistor Q.I 6 .is‘ held
non-conductii'é so thgt the base vqit_age of the
15 transistor 07,is as high as the voltage source Vccz_,_
and_hence the transistor 07 j.s tixrned on. |
| When the voltage exceeds the above-
méntioned voltage 4 VBE’ 'I:hg transistor 016 is turned
on so fh_at the transistor Q, is turned off. |
.zo - On the other hand, since the |
trarisistor 017 is held non-conducfive duzfing the
'p_ériod before the abovémentioned_ iﬁtegﬁétion voltage

reaches 5 Vg, the differential transistor Q19 is held

ndxi-condtictivé whilst the differe_ntial transistor on



3

a nodified formof the circuit. Figure 8 is a block di agram show ng the
principal portions of a preferred formof an FMradi o recei ver which

i*ncor porates the above described nmuting 590 circuit. The FMradio
ré&eei ver includes an FMinternedi ate frequency anplification-detection
nmonol i thic sem conductor integrated circuit [err] which includes an FM

I ntermedi ate frequency anplification 10 stage 1, an. FM detection

stage 2, a |ow frégubedd sopducitiaei.on dcagrdingly,athet econskandt current
cirdwit 4 and in which the mute control circuit is deleted in the | ow

frequency anplifi Q:&’hh@ﬂ.sﬂio&g%&islfb@@%ﬂiﬂet Wl Tishe thiet eonetent! carrentt IS
omtted, 15 this integrated circuit is the sane as the above referred

to monolthi ¢ semandishde it 43 dnPetatd Ve, Eﬁ%&%ggf@e?okﬁgg%%ﬂw e

frequency anplification an éction as show! in ver, the

above described monolithic m condu?lt or t. nt eglr %t dgilg %i r.cui b [err]
“for FM i nt er nedi af®8™ 8FFERN ConpiSi MPERY | EL AR i &% s8% 0 ¥b&q in
this enbodi ment by rendering its nmute control circuit 6 inoperative. The FM
radi o rec® ver al Positdoni@ a AN, thiec mddng sperediomdsgcarsded rcuit
| C2" for FM st er eo denodul ati on. Except those features which

out. '

When the voltage at the terminal P2
exceeds 5 VBE' the tranéistor Q17 is turned on so
- that the differential transistor 019 is turned on

10 with the differential transistor Q,, being turned off.

20
Conseéuentiy, the coﬁstant current transigtor 05 is
~ operative whilst the.constant.current transistor 06
is inoperative; thereby performing the same oﬁeration as
when the switch Swalis set to the position.g. Hence,
15 muting is released and signal transmission is started.
Accordingly, the c;rcuit operates so
that the switching transistor Q7 is turned off
'béfo:e the muting operatioh is released.
' It should be noted that it is possible
20 " to employ a construction in which the cdnstant-current
trensistors 05 and Q6 are alternaﬁively turned off
wvhen the switching,transistors are turned on.

As the switching means for short-circuiting

the base bias resistor RB’ a'MOSFET can be employed in



-:t_l herei nafter be described, this circuit is analogous to the above
gescri bed nonolithic sem conductor int e?rat ed circuit [err] such as one 5
di scl osed in the magazine " ELECTRONI CS* pages 62 - 66, Novenber, 1971 or
to the "HA1196" circuit available-comrercially fromus. In the monol i t hi ¢
sem conductor integrated circuit 1C2" for FM stereo denodulation in 10
this enbodi ment, the nuting function is added to the pre-anplifier.7. A

first mute contg Hodi £1et trdrm (O @t Obdusg, this nuting function as wel
as a second nute control circuit 12 for controlling the muting circuit 1

are-provided in the stereo 1 ;gﬁg n
signal forned by the detuni n}%@f%%?ongﬁﬁ%l%%&%%%%lsl% to botﬁ t hese

\.a

mute control circuits 11 and 12, and diffefent ectl Iev S r] are
provi ded to di RFinsirak nowt ms%gr%m %?ff radid
As shown in Figure 9, the discrimnation |evel [err] of the first nute

control circui treaeiweezsevhmatmmmmmhmmqu rdesprthed  mabing | evel
[err] of the second mute control circuit 12 is set to the low |level so as
to read the | evgirglifter ence 23 froma detuning detection signal [err]
of the detuning | |
| The FM radio receiver includes an FM
- intermediate frequency amplificafion-detection
monolithic semiconductor integrated circuit 'II(':1 ' which
includes an FM intermediate frequency amplification
10 stage 1, an’ FM detection stage 2, a low frequéncy
amplification stage 3 and a detuning detection
. eircuit 4 and 1:.1' wir_iich the mute control circuit is
deleted in the low frequency amplification stage 3.
Except in .that the mute control circuit is omitted,
15 _‘ ~ this integrated circuit is the .same' as the above
: referred to monolithic semicoﬁductor integrated
circuit IC1 for E‘M intermediate frequency amplif.ication
and détection as shown in Figure 3. However, the
above described ﬁonolithic semiconductor integrated

1
and detection can be used in this embodiment by

20 circuit IC, for FM intermediate frequency amplification

rendering its mute control circuit 6 inoperative.
The FM radio receiver also includes a

monolithic semiconductor integrated circuit IC,' for



k4

detection circuit 4, which reaches the high |evel when the tuning frequen
devi at es excessively fromthe centre freq%ﬁgcy f of the S characteristic of
the 5 FM det ecti on stage 2 and reacfies the | ow | evel when tuning is
establ i shed. Accerdirgly, ‘when detuni ng changes to tuning and the nuting
operation is released, the detuning detection signal VMreaches a |evel

bel ow the 10 . gy réﬁef&&?&éiﬁéd&ﬂéﬁr&e*?ﬂﬁve'ﬂ@éﬁ&eﬁﬁ}é&%eé’iiﬁ'é@tv}mh

operation in the pre-anplifier 7 is eased -befor e nmuting operation of

thexfuting circuit, A0 is . rele d. I LS. lastance, the woltage .
fluctuation [err] tw'lﬁbcliﬁﬁesi@?% t?%eé]%%g#g%ecph % ﬁfrcuié)&sc_ vol t age
Iin the S characteristic but since the nuti-ng operation_in the nuting
circuit 10 is not %IQQ%SQ,th%@%ﬁﬂﬁ&%ﬁiﬁdtW%ﬁm% noi se is-
elimnated. On the other hand, when tuning changes 20 to detuning and
t he nmuting operat immorai\s;tqmeimbﬂmtgideimibri&é ogsudh [aes rdné i r st
reaches a | evel above the second discrimnation |evel~[err] so t hat

nuting of 3he pre-digdldsed ih ithé tumgesiné t CELECERONLICSM, qRasFel I8 -0f66 he

muting circuit 10. Accordi ngly, the popping noise occurring for the

- reason noted aboveydvenslds] "R Y f@'t‘tﬂg #Af196n circuit available
o commercially from us.
In the monolithic semiconductor
integrated circuif Icz' for FM stereo demodulation in
10 this embodiment, the muting function is added to the
pre-amplifier 7. | A first mute control circuit 11
for contfollihg this muting function as well as a
second mute.control'circuit 12 for controlling the
muting circuit 10 are ﬁrovided in the stereo
15 = demodulation output. A detection signal formed by
the detuning detection circuit 4 is applied to both:
these mute control circuits ﬁ1 and 12, and different
detection levelg Vi1; VLZ are provided to
discriminate the neceésary mute control.
20 As shown in Figure 9, the discrimination
level V;, of the first mute control circuit 11 is
set tb the high levei whilst thé discrimination level
v

L2 of the second mute control circuit 12 is set to

the low level so as to read the level difference



Eigjmhich has already started its nuting operation. Since the nute control

A\cuits 11 5 and 12 are forned in the sanme nonolithic sem conductor
@egrated circuit 1C2, the discrininati é®levels [err] and [err] for Yy
restricting their nute control operation are not affected by-variance of S
t he sem conductor el enents, and consequently the nute 10 control

operation can be set to a high |evel of accuracy.as described above. Since
no circuit el eddifm @ dedpsing deFactd an g?niﬁnac%r ahe s sths detiningkh as a -
coupling capacitor [err] is positioned between the muting circuit 15 .-
in the pre-anpldetestipmmdrncud tnk,i mhich meaches fihe thightlavwed when
denodul ation circuit 9, it is possible to make the timng difference for

the start and rgleeaamiolg fiqitndl dpaIatid exceds BN At tihd he | evel
difference of the discrimnation l'evels 20 [err] and [err] coincide

with the tine ¢ ek duids el jgm [ e {¥§{g hse. I n other
wor ds, the pop%%{gﬁ%i se i%\n%%mqu;ﬁjgé e#)irbnlaggn%été(}fr y a%%rrf]pfﬂgﬁééi rcuit
design _in which_the |evel differengce betwee er, nd Jerr s set in
accor d&nce wit M téﬁﬂ@é’%ﬁ%%%t#&ﬁﬁﬁ% ngi%efm'f ‘EFe]]nt“ﬁ'f?’b,
sufficient attenuation to . . . :
' - tuning is established.
Accordingly, when detuning changes to
tuning and the muting operation is released, the
detuning detection signal V, reaches a level below the

10 first discrimination level V., so that the muting

L1
operation in the pre-amplifier 7 is released befére
the muting operation of the muting circuit 10 is
released. In this instance, the voltage
fluctuation Vbop'churs'due'to the change in the

45 - D.C. voltage in the S characteristic but since the
ﬁﬁting operation in the muting éircuit 10-15 not yet
released, the occurrence of the popping noise is
eliminated.

" On the other hand, when tuning changes

20 to detuning and the muting operation stpats, the
detuning detection signal Vh'first reaches a level
“above the second discrimination level VL2 so that
mntinghor the preéamplifier 7 is started after the

muting operation of the muting circuit 10,



el i m nate noi ses
by use of only th

bet ween broadcasting stations cannot 5 . be obt ai ned
e nuting circuit 10. Hence, it I's necessary to arrange two

muting circuits as described above. ReferﬂWhg to the detailed circuit

dicsegr am shown i n-

Figure 10, the circuit elenents of 10 t he portion

[err] encircled by dotted Iines are formed on one silicon sem conduct or

chip by a known s
circlLes represent

Aot e i ”a”“faifn‘ée R

anpkisfi cation transistors [err] and ﬁg for the si gnal transnission of

t he i nput signal

rRasodnoted @\boweed,@e imingrted bat mutingagd roudite

connected to each other in Darlington configuration with their collector

el ectrodes respec
~electrodes of dif

110V et oo haac ada-etadye isttartedl i ts mutiinigsopelratdohnl.ect or
ferential transistors [err] and [err] for formng the D

signal at the tinme of the nutlngigggr%thQu%@ecgg&gggteqrhgikge1qolIector
el ectrodes of the Darllngton pairs [err] and [err] -respectively. :

Const ant urrent
~and resis ors [er

el ectrodes of the |%put nsi.stor
bi as vol tage [errF

10

St %er PO “&**%f e BT atnas” EsRERa P,
ate circuii Ic dis nation levels
Vin and VLa_for restricting their mute control
operation are not'affected by vériance of the
semiconductor elements, and consequently the mute

control operation can be set to a high level of

 accuracy as described sbove.

15

Since no circuit element for shortening
the signal transmission time such as a coupling

capacitor 0100 is positioned between the muting circuit

in the pre-amplifier 7 and the muting circuit 10 for

the stereo demodulation circuit 9, it is possible

to make the timing difference for the start and

- release of the muting operation, corresponding to

20

the level difference of the discrimination levels
V4 and vLé, coincide with the time difference for
the elimination of the popping noise.

In other words,.the popping noise can

be reliably eliminated by a simple circuit design

in which the level difference between V; and V.

11 L2

15

C

%h err]crisgectlvel A const ant



_ applied to the base el ectrodes of these transistors [err] and

]. The emtter electrodes of the transistors [err] and [err] are
connected to each other via emtter resp&ors [err] and [err] respectively. -~
A resistor [err] is |located between the junction of .10 ° -t hese N~/
resistors and the collector electrode bf the constant current transistor

[err]. A regissket §&" bhcbedaneeMyign t ﬁﬁ t Bhi it er

el ectrodes of't%e giff%ﬁén%ﬁa? trgﬁgistors'ie?r Q%ng& ePk ? gn t he S
col l ector el ectrode,of thi constant current 15 transistor QA current
mrror circuit BSRBALE RGiSP<transistors [err] and [err] is connected as a

|l oad to the nutually connected collector el ectrodes of the differenti al
anplification transistors: [er Apcidenteddy,osufficient] attenuetdea #ot ual |y

connected col |l ector electrodes of the differential transistors -[err]
and [err] This eljihihatat nodsest bpettweenbrioadeasting etatiensl canmodr
output circuit consisting of a transistor [err] and a resistor [err]. A

negativg  feegpaghtaiifed bySuzll Ml Q?]ﬁbt brtawnigP el reluiithaogni tter
foll ower output circuit to be fed back to the base €l ectrodes of the

Lo be appl i ed stencds L LB, pERE AR I e e REE IVEP RGN s

as described above.

‘Referring to the'detailed ¢ircﬁit
diagram shown in Figure 10, the cifcuit elements of
10 the poftion ICZ' encircled by dotted lines are fqrﬁed
on one silicbn semiconduqtor chip'by a known semi-
conductor manufacturing technique, and nﬁmeréls in
circles represent terminal numbers. |
In the pre-amplifier 7, differential
15 amplification-transistors 01, Qz-and Q

3
signal transmission of the input signal IN from the

!-QA for the

low frequency amplification stage 3 are connected to
eacﬁ other in Darlington configuration with their
collector electrodes respectively comnected together,
20 'wﬁilst the colleétor electrodes of differential
transistors Q,, and Q,, for forming the D.C. signal
at the time of the muting operation are connected
to the collectdf electrodes of the Darlington pairs

_ Q1Q2 and 0304 respectivély. - Constant current circuits



described in greater detail hereinafter. The conposite signal is producqﬁﬁp
as an output froma second termnal via an inverting anplifier circuit =
¢onsisting of a transistor Ql4 a collector resistor RIO and an 10
emtter resistor-[err] and via an enitte?®f ol | ower circuit consisting of a
transi stor QL5 and an emtter resistor [err] A capacitor [err] for
preventing oscillatioq ii con e%ted to,the hase el ectrode of t he

s

1
transi stor [err] “8R§ B8y P&t FF€§i§5PﬁFtﬁksa€Qp§biPBF F§sé§268§ed.of an

MOSx{net al oxi de sem conductor) capacitor. The base bias voltage [err] is.
applied to the bafg @ndcRgedzespectdviedyyt adief conmecitad Aepithei cation 20
transistor [err] via a base bias resistor [err] and resistor and is

applied directly lemittherbelectirodesods the! Hmplit! ftrearistors’ agseator [err]
The base el ectrode of the transistor [err] is connected to the'first

term nal via the es eclkd . i | | | Ldeky t 04 prevent
dielectric breakd(?e\ﬁ]ﬁggﬁcco%]%gi_t e“’?n%%{xs;ag{]tgﬁi%%dﬁogtt% e (r‘:rﬁieigf t he
stereo broadcasting) is applied to this first termnal as an FM detection

out put si@nal threppliiedSto the bagel electapdes of [thesk trangistodisr cuit
13a constitutes the bias voltages [err] and [err]
Qg and Q7, The emitter electrodes of the
transiétérs-Qz and Q, are'cbnnected'to each other
via emitter resistors ﬁﬂ and.R2 respectively. A
" resistor R3 is located between the Junction of
10 these fesistors ﬁnd the'céllecfor electrode of the
constant current transistor Q5' A rgsiétor RA is
.1ikewise located between the emitter electrodes of
the differential transistors Q1O and QM and the
.collector electrode of the constant current .
15 transistor'012; |
A current mirror.circuit consisting of
transistprs Qb and Q9 is connected as a load to
the-mutually connected collector electrodes of the
diffefential_ampl;ficétion transistors.Q1, QZ and
20. Q)’ Q, and to the mutually connected.collector

electrodes of the differential transistors Q,, and Qi1.
This amplificatiqn output is applied to
an emitter follower output circuit consisting of a

transistor 013 and a resistof Rg. A negative



N the pre-anplifier 7, either one of the constant current transistors

gforr] and [err] Is alternatively rgpﬁered conductive in order to carry 10
out the signal transm ssi-on of the input signal IN or the nuting operation
When t he const ant current transistor [err] is conductrve and the constant\“

current transi c €¥§ tors Q
and 10 15 erP% are ?hg of T %ﬁ?ﬁst t fer tla |f|cat|on

transistors [err are nder e e’'s at e i 'x
signal INis t@ %&%111%%@‘&?&&%%&3% #@f%&%ﬁ%t%
anplification transistors [err] ‘and [err] are turned off with the 20
differential thbass slectrqdes ofihe é’rrrqna:i@*rcg*s:d&gi \&ﬁ@ndqa&nthe

signal transmission of the input signal INis inhibited and nmuting is
carried out. cutput sigamd (eumpddicte aigralC ‘fdl@)‘ldtoaﬁetd;@]hieﬂs vol t age

‘\

[err] I's obtained at the emtter output of th transistor [err] due
to thego perathia of dturel deticitie¥s dr m&iﬁ% didn wvxh e r] A
transi Stor [err]. for short- C|rCU|t|ng the bias resistor [err] is arranged

Che’ poppi ng noRESTHEPY i EBREtETS S, e e e o8 occurrence of

composite signal is produced as an output from a second
terminal'via an inverting amplifier circuit consisting
of a transistor Q Ly @ cdllecfdr resistor R,o and an
10 emitter resistor Ryq» and via an emitter follower
circuit-conSISting of a transistor QAS and an emitter
| resistor Rﬂz.
A capacitor C, for preventing
oscillation is connected to the base electrode of
. 15 the transistor Q13 ’ and.in a preférred form this
capacitor is composed of an MOS (metal oxidé
semiconductor) capacitor. | |
| The base bias voltage VBl'is apﬁlied'to
the'bese electrode of the input diffefential'amplification
20 transistor Q, via a base bias resistor R, and resistor
.RB and is applied directly to the'base'eiectrode of
10°* .
The base electrode of the transistor'CH

the differential transistor Q

is connected to the first terminal via the resistor Ry



Emtter electrodes of differenti al t_ransis'tors [err] and [err] are ,.
connected to a stabilized voltage source [err] through a resistor [err] and*

10 resistors [err] and [err] areg®@nnected between the collector:
etectrodes of these fransistors and edrth respectively. The transistors
[err] and [err] together forma switching circuit for alternatively

actuating either %ﬂquf1§2§rgqaggﬁgynf%&@%glt%r?gg?égg;afgigf{gig and

[err] A voltage [err er at evel shif err nd [err]

the~term "di ode" wil| hereinafter incluyde.transistor he dj ode type
Cnd s roaistor R bheekdim.cd o SoRPORIIE. dnEEG s3eney 3§ (1A the Eaed™®

transistor [err]. A diode [err] is connected to the emtter el ectrode of
the transistor Q ofadhes sierwosbmoadeasting)eisnepplind Hortbist Sirgt is
30 connected to its collector electrode. A control voltage is applied to

the base el ectrodeepininals as aiy 30k ideiteiction butbatestghhicthfought age i s
in turn applied to the base el ectrode of the transistor B85 through a
resistor errl.  coupRadg¢apactier ©)2 . A blas circuit 13a

constitutes the bias voltages VB1 and th.

In the pre-amplifier 7, either one of

" the constant current transistors 05 and Q12

alternatively rendered conductive in order to carry

is

10 out the signal transmission of the input signal IN or
| the muting operatioh.

¥hen the constant current transistor Q5

is conductive and the constant current transistor Q5

0 and

non-conductive, the differential transistors Q1
15 Q, are turned off whilst the differential
- amplification transistors Q2 and Q4 are rendered
conductive so that the input signal IN is transmitted.
In the opposité'case, the differential amplificatioh
- transistors Qz.and Qh are turned off with the

20 differential transistors Q,. and Q,, being conductive

10 11
so that the signal transmission of the input signal IN

is inhibited and muting is carried out. In this
" case, only the same D.C. signal as the.bias voltage

v

B is obtained at the emitter output of the



C?nsrstor @33 is held conductive, the transistor [err] 5 I's turned
olrwhilst the transistor B6 is turned off so that the constant current
transistor Qis rendered conductive to t38nsnit the input signal INto the -
preanplifier 7. On the other hand, when the transistor [err} is held
non-conductive, the transistor 10 [err] is turned off whilst the

t ransi st or [err]tr@smtmu sue ke the epersation cof rtwe differential err]
is rendered conductive to carfy out the nuting operation in the

preanplifier 7. ¥ramsistors %I&d@ﬁ ed between a 15  vol tage sour cé‘"
[err] which is higher than bi as | t age source [err] and the col |l ector

el ectrode of a transistor [errg th O
g ﬁsgg? ; 25120% 4] zgf‘éﬂo %ﬁ%‘ethe

abovenenti oned control signal led to 151 ase e ectro
‘transistor [err], ihe col

to the base elec tf’r%%ler%?{sa %%rﬁﬁlgalﬁt%{(})é% e;&{ﬁ‘“”li *ghl?sl}ft ﬁﬁqﬁpl i ed

vol tage of the voltage source [err] due to an integration crrcurt [err]
and [erd  for ReFIRtA iR mrdennkp reient esurrente akrthaporningpl i ed
to the base electrode of a tran- sistor [err] through a resistor [err] and

| evel shift 5 noiseliwhiy the mowernsbyrce |is timched rarsi stor [err] are
connected in series between the emtter electrode of this

Emitter electrodes of different1a1

transistors Q35_and Q36 are connected to a stabilized

voltage_sgurce Vcc3_through a rgsistpr R34’ and

10 resistors R32 and st are connected between the

collector electrodes of these transistors énd earth

respectively. The transistors Q,. and Q. together

35 3
form a switching circuit for alternatively actuating

either one of the constant current transistors Q5

15 and 012.

A voltage (V’cc3 - ZVBE) generated by

level shift diodes Oy, and Qug (the term "diode" will

hereinafter include transistors of the diode type)

and a resistor R35 is applied to the base electrode

20 of the transistor Q36' A diode‘Qsh is connected

to the_emitter electrode of the transistor__Q33 a
a constant voltage element and a resistor_R30 is
connected to its collector electrode. A control

voltage is applied to the base electrode of this



transistor 23 and earth. The vol tage drop across the resistor R22 an_
generates the above-nentioned control signal that is to be applied to the ~ -
base el ectrode 10 of the transistor Bérr]. The term nal voltage of
thi's resistor [err] i's applied to the base electrode of transistor [err]
through a resistor [err] and to the base electrode of transistor [err]
t hrough a resi st ortfemsistes J Wose Kollector voltage is inlttmrn
integrated voltage fromthis hth term nal when the power source is

turived on is util AN B RPN IR W R SRR S ROUCT
source is turned on. t he ot her dhanda,t a detuni ng detection 20 35 si gnal
[err] generated by,the detunin etecjion cifycuit.4 iS converted into D.C
by an RC tine consvg‘?"ﬂuéi} LI q:r?s"'i' 33'1rfg- or“"r"é’ﬁds’ﬂﬁf?'[ é"?‘rﬁn aﬁ‘(f [err] and
a capacitor [err] . and is then applied to the seventh _term nal_. Thi s
detuni ng det ect | ortEARFRFLIR Qppiiiedeld conduc iy dhatmdasistor Oz
transistor [err] which is provided with a diode [err] to act as a

constant bl tage dsramnedion wuilsd tthe totapsdstdre Qgg thsertuginest offe of
the transistor [err] and earth. The coll ector 5 el ectrode of the

transistor [err] iso citutectns dméﬂﬁwaﬁﬁz@xﬁw&&—@dﬁi@‘tdﬁmg Ha Seriderederr]
~ Accordingly, the circuit including this '

conductive to transmit the input signal IN to the

preamplifier 7. On the other hand, when the

33

35 is turmed off whilst the transistor Q36 is turned

on so that the constant current transistor 012 is

transistor Q.. is held non-conductive, the transistor

10 Q

‘rendered conductive to carry out the muting operation |
in the preamplifier 7.
| A resistor RL;B is located between a
15 voltage source Vccz, which is higher than the bias
, and the collector electrode of

VB1.

a transistor 032, and a control signal similar to

the abovementioned control signal is applied to the

voltage source

base electrode of the transistor Q 2 the collector

3
20 voltage of which is in turn applied to the base
electrode of a switching transistor Q1 6°

‘An integration voltage of the voltage



S.ansistor [err] forns the first nmute control circuit 11. The detuning
ection signal is applied. 10 t o 3the second nmute control .circuit 12

Vvia a resistor [err] and the base and enitter electrodes of transistors ™-

[err] and [err] The second control circuit 12 enploys: a Schm dt

circuit consistPRYTEE ¥.g #HFe§9e3E51n egr@%ﬁ?&gEiEFPéﬁl 1030Fﬁ§d by

differenti al tranS|stors [err] and [err] provided with a resistor [err]-

at their comonC gbtfermedeBVreu&srnalregmponenterap sher enghthor [err] o

connected in diodé configuration, a diode [err] and vol tage dividing sl

resistors [err]tapslingl is bpplliedatbatbedbhebvwesactpedeobleat graaad
emtter electrodes of the transistor [err] for generating a reference

vol tage to be appligd ho ! Be-Basn 8 pEbialerok theahhcRsiBoRhiker 1. A

current feedback Circur@3formed-as a current ne#for cCifcurt Is I'nt.er posed

betmeen - the | l,ect qr and.the bas electro f the other transistor
[err] Sand is gg 8§e§2&f Pﬂaﬁ 55?8 515%8r[ Qz]areaﬁﬂngﬁFFFal

resistors [err] and [err]. .- This Schm dt circuit has hysteresis with

respect to an abpl pewigs between thgeemitsrr: elestrodenofndhis appl i ed

vol tage which turns it off. Di odes 41 and Q42 for perform ng the voltage

clamp are connetradsietbheQB%sandlearthde oThehwolltagei drop &crosandhehe

det uni ng detection signal : _ - .
resistor R22 generates the above-mentioned control

signal that is to be applied to the base electrode

10 of the transistor Q The terminal voltage of this

"32°

resistor R is applied to the base electrode of

22

transistor Q,, through a resistor R and to the base

29

32 _
through a resistor R

electrode of transistor @

33 23°

respectively.

15 | The integrated voltage from this
eighth terminal when the power source is turned on is
utilized for eliminating the popplng noise when the
power source is turned on.

| On the other hand, a detuning-detection

0 signal VM generated by the detuning detectioa circuit
4 is converted into.D.C. by an RC_tiﬁe constant
circuit consisting of.resistors R1Oh and Ri05 and a
caﬁacitor C108, and_is then applied to the seventh

terminal. This detuning detection signal is_applied



39 obtained fromthe emtter electrode of the transistor 10 @9 is ég%

applied, via a resistor R27, to an inverter circuit consisting of a

transistor 0 and a resistor [err]. . A t3#&nsistor [err] which is
coritrol | ed by the collector output of the transistor [err] is connected to
the base el ectrode of the transistor @B9. 15 The out put

signal fromthe prtearthei base élgeterodecodfan ttirensdsdong QggnWhabhvis t he
dlelectrlc breakdown prevention resistor [err] is appliefi™o a PLL circuit

8 f¥emthe third b%%.aéh w&%haacaa@a'et C%Qlact b8 BNeoRktafit’ GHitage,
38KHz swi t ching signal for stere@ denodul ati on in synchronismwth

circuit o The st SPER %' “‘éqr*éa?gﬁh%#%& pedn, HisckiEgpt O REIR00"
Gircui 1S consi ot Stobne, FRERSLSLET Qpg AN Sh ng THSDPANEREOT |

differential type nultiplication circuit and resistors R16 to R20 . The
stereo deﬁodulatu@ﬂecﬁrodetog shet kransiisttom t igechapebted dosthesed in
t he periodical "IEE TRANSACTI ONS ON BROADCAST AND TELEVI SI ON RECEI VERS",
VOLUVE BTR- 14, NUpBEB @lepftrode bf the Trimdistb26d. _.and a sen1conductor

I nt egrat ed 33
' - Accordingly, the circuit including this
transistor Q,¢ forms the first mute control circuit 11.
The detuning detection signal is applied .
10 to the second mute control circuit 12 via a resistor

th and the base and emitter electrodes of transistors

Q

b8 and Q

29°
The second mute control circuit 12
employs:'_a'Schmidt circuit consisting of a reference
15 voltage circuit formed by differential transistors

Q and Q40 Provided with a resistor R38 at their

39
common emitter electrodes, a resistor R,4» @
transistor th connected in diode configuration,

a diode th, and voltags dividing resistors R39 and

20 | Rho arranged between the collector and emitter
electrodes of the transistor 045 for generating a
reference voltage to be applied to the base electrode

_of the transistors Qho°' A current feedback circuit

formed as a current mirror circuit is interposed between



gﬁ'uit for an FM stereo denodul ation circuit 10 using the PLL
chMcuit has been disclosed in "Electronggi above referred to. A bias

circuit 13b is provided for generating ias voltage [err] The output of |, ~«

this stereo denodul ation 15 circuit 9 passes through post-anplifiers ~’
14L, 14R so that the left- and nel outp tain rom,the fourth
termnal and the™t§ FfiL I‘ﬁﬂéjua?% e%%%é)%oof%}'fﬁ @B fth

term nal . Lompass f||ters 15L, 15R are also connected to the fourth 20

and fifth terni rﬁn@s#m&yeﬂqﬂ 1s eomposgd b dransistans |Qan@ndrr]’ e

-are connected in serles and @re al so connected to the fourth and fifth

termnals respant, \endd . emiﬁftan&rexmisozfﬁr;% R)%; ar eTHins Bt ikl ween
apaci t

the respective junttions of these serie s and earth. These
capaci tors and d@A8)5¢ Has traase&ét%sfs)rﬁtmeréeﬁéa@ fdraﬁ-&“é ppiked he base
el ectrodes of these transistors. err] are connected

col | oot 31 vol t agloead M g ¥ %e%&per%éf‘i%% VAT ookt on

th lifier | | d
'n the pre-amlif) G it 'orf? 'Dio & 'd);, e §, 5 4er Performing the

voltage clamp are connected to the base electrode of

the transistor Q and the_detﬁning detection signal

39
obtaihed from the emitter electrode of the transistor

10 29,15 applied, via a resistor R 279 to an inverter

circuit consisting of a transistor 030

R50' A transistor Q31, which is eontrolledﬂby the

: collector output of the transistor 030, is connecte¢

and a resistor

to the base electrode of the transistor 939¢

15 o ' The output signal from the preamplifier
7 generated at the second terminal via the dielectric

breakdown prevention resistor R,. is applied to a PLL

13
circuit 8 from the third terminal via a capacitor

C In the PLL circuit a 38KHz switching signal

101°

20 | for stereo demodulation in synchronism with 19KHz
pilot signal is formed, and is applied to the stereo
demodulation circuit 9.

: The stereo demodulation circuit 9 is

composed of a known switching type stereo demodulation



10 of transistor [err] through a resistor [err] and transistor [e@fJ!
generates a nute control output signal. Diodes [err] and [err] connected ™
20 the collector electrode of the transistoraperr] apply an operating
Weltage to this transistor [err]. A resistor [err] is 15 | ocat ed

. between the series diodes [err] and [err] and the collector electrode of
the transistor [err] and a resistor [err] is connected in parallel with

the series diodes [fquitand (TS shesereavsadia tdonpedrcwiteft constisds20

above referred to Schmdt circuit is also applied to the base el ectrode of

the output transi stoft fremdisbutsa (llif}:zo(fﬂomu&xgufa YaQadiceids- t he sixth
termnal is generated via a resist R49 m t he commonly connect ed

col l'ector. el ect r odes fferdit1Qitt Ft%:e mtilﬂfi%?.'i%ta il ‘?:rvz\hr]c\ﬁﬁ afd HesiHibrs

above descri bed CIFCUIt operates as follows. First e pomer sour ce

is turned 5 , n, Si st oy, i s e cond cti

transi stor [_err] i S 1tGeI uct R’% t][ereq[ rqéa'ﬁo%[“g@r z}tolrb Lj\f(ﬁ“ﬁ%g 1"5 t he

ei ghth term nal s 4 VBE &Pase to-emtter voltage of the transistor or
forward vBl t age of Eﬁ’gé %&aﬁgbfeﬂ digglosed inedpense to the

rising bias voltage mhlch Is -
periodical "IEE TRANSACTIONS ON BROADCAST AND

TELEVISION RECEIVERS®", VOLUME BTR-14, NUMBER 3, pp. 58
- to 73, October'1968, and a semiconductor integrated
.cireuit for an FM stereo aemodulation circuit
10 using the.PLL circuit.has been disclosed in
"Electronics" above referred to.
: | A bias circuit 13b is prov1ded for
generating a bias voltage VﬁB -
The cutput of this stereo demodulation
15 circuit 9 passes threugh post-amplifiers 14L, 14R so
that the.left-hand.channel outpnt is obtained from
the fourth terminal.and'the right-hand cnannel_
output is obtained_frsm the fifth terminal. Lowpass
filters 15L, 15R are also comnected to the fourth
20 and fifth terminals, respestively; Pairs of |
capacitors 0103, 0104 and C105, C106 are connected
in series and are also connected to the fourth and
f£ifth terminals, respectively. Transistors Q1OO

and 0101 are located between the respective junctions



{.|'ow ng the voltage source [err], the coupling capacitor [err] charges
the bias voltage of the transistor [§$$] rises rapidly so that the bias

voltage of the transistors [err] and: | generated by the 15 L e
f eedback also rises rapidly. On the other hand, during tHe period until thé&~
above-nenti oned |nte%hgtron vol t age reaches [err] the transistors [err]
and [err] are hePH seopemtes eapaci bors tard coarthnt cThesdt 20
transistor [err] is turned off whilst the constant current transistor [e;;i
is turned on. Véapad bbots aansd stmang stirs stdge tieer ofiorm hehé rmunksirsg or s d
[err] are also turned on. Accordingly, the transistors [err] and [err]

_of the muting cirgypsuf® 10, are turned on and carry out the nuting

operation in the pre-anplifier 7 and in the muting circuit 10. Before the

t t | t h t d
nence the s ?g?r;ﬁifsfir[[e%*?%]ﬁé"& SRk (ﬁ (6% "ot SRR

e integration
voltage eaches [er e transistors %é err e turne on whi l st
t he tra i stors S{mr?‘ ‘gngmrer?’]'e %‘?’é"é%# d'El %os ’Fl d]r
operation ceases in the pre- aqglrfrer circuit 7 and in the nutrng crrcurt

10. 10 through roes rand Ri,sherespectbvelige of the
transistor [err] no .delay is caused y the trne '

| The_collector_voltage of transistor
36’ which perdits.the muting operation in the
pre-amplifier 7, is applied to the base electrode
10 of transistor th through a resistor R 10 and
transistor Q51 generates a mute contni output signal.
Diodes th and Q50 connected to the collector
electrode of the transistor th apply an operating
voltage to this transistor 051. A resistor Rh5 i
15 ~ located between the series diodes th and Q50 and
the collector electrode of the transistorloha, and
a resistor“Rﬁé is'connected in parallel with the
series diodes th and QSO
The feedback output current of the
20 | above referred to Schmidt circuit is also applied to
the base electrode of the output transistor Qh?’ and
a mute control output signal to the sixth terminal

-~ is generated via a resistor Rh9 from the commonly

‘connected collector electrodes of the output



constant det ermi ned by the capacitor [err] and the resistor [err] no 55%;

"L-’

difference is generated between the bias voltage [err] and the bias voltage
f.ormed by the 15 -f eedback operation. ?gpnsequently, t he poppi ng noi se
can be prevented. On the other hand, when tUning to a desired station, the
I ntegration voltage at the eighth terminal is fully charged to the power
source voltage 20 ﬁé] so at th time of detuning the vol tage at the
sevent h termnal |§n§P °Fﬁgﬁ5he§€ Qn¢'tran5|stor [err] is turned on.
Accordingly, the transistor @3 is turned off, whereby the nuting operation
is carried out in the pre-anpli fTher abounddeﬁcrﬁbeducﬁnguit eberatesi8s In
this case, since the ei.ghth termnal is at the high | evel, the transistor
[err] is turned ofodldwshe switching transistor [err] which is connected
to the bias resistor [err] is turned off. 5 Since the

seventh termnal is at the h'ghF&§§%l gHent enkh oq§}ugbggcgeggcihpﬁe i gnal ,

the transistor Q forming the Schm dt circuit s turne on and t
muting cigcuit 1Q ig als d per tin tation,by thls nmut e
control cfrcuit 12, %I %r%nh?s%o R%hghiah8”§eF8ﬁFH§%aXFeéPFon si gnal
[err] drops bel ow 2 V on tunln the transistor Q _ .is turned -
ransis or Q16 "held conductive until the
Iintegration voltage to the eighth terminal reaches
4 Vop (base-to-emitter voltage of the transistor
or forward voltage of the diode). Accordingly, in
10 response_fo the rising bias voltage vwhich is

following the voltage source V s the coupling

ccl

capacitor C charges and the bias voltage of the

100
transistor Q1 rises rapidly so that the bias voltage
of the trensistors Q and Q15 generated by the

15 feedback also rises rapidly.

On the other hand, during the period
until the above-mentioned integration voltage
'reaches 5V BE’ the transistors 033
held non-conductive so that the constant current

apd 935 are

20 transistor Q is turned off whilst tle constant

current transistor Q12 is turned on. VWhen the

transistor Q36 is turned on, the transistors Q48

and Q., are also turned on. Accordingly, the

51

transistors Q,,, end'Q,‘o1 of the muting circuit 10



i 26 off and the transistor Q is turned on
“that the 33 nuting operation in the pre-anplifier 7 ceases. In this
case, due to the S characteristic of t FM det ection 15 output, the  ~=s
vol tage fluctuation occurs but is renp by the continued nuting perforne
by the nuting circuit 10. 'Wen the detuning detection signal [err] drops
further below [err] the transistor [err] is turned off 20 and t her eby

e o he LT 2Re! Hidhel b angseﬁ%guohfaetﬁbf heteRE BpebhRashoial Ler] o

is turned off the action o ting crrcui eases at

When the detuning is agaln ect the . rise olta det ecti on
signal [err] §gﬁ ? tﬁ@ ngpgtBP BE, 4T Quﬁﬁrhéd on,
turning off the tranS|stor errL In this case, however, a voltage
higher than [err], e.g. aBefore theeintegrasjpni valtsgenzengbesel ectrode
of the transistor [err] by the 5 transistors [err] and [err] and
the resistors [6W¥W]l.,atte] drahsdstoro qusnthrnbdeohrandihbnce[emhb is
kept off and the ing circuit 10 do not operate as yet. Wien the

det uni ngg det ect @Angh gha ﬁNlrQ%C%Q§nbﬁeoﬁffereﬂﬁ@nVQheaﬂﬁtéérEtygﬁ)1

voltage reaches 5 the transistors Q33 and Q

BE’ _ 35
are turned on whilst the #ransistors”Qha and 051 are
turned off so that the muting operation ceases in the
pre-amplifier circuit 7 and in the muting circuit 10.

10 : | Since during thelrise of the bias voltage

' of the transistor Q, no deley is caused by the time
'.constant determined by the cepacitor Cigo 2nd the
resistor R7, no difference is generated between the
bias voltage V§1 and the bias voltage fOrmed by the
15 feedback operatioﬁ.' Consequently, the popping noise
| can be prevented. : | |
On the other hand, when.tuﬁing to a
desired statieﬁ, the integration volfage at the eighth
terminal is fully charged to the power source voltaée
20 Vec, so at the ﬁime of detﬁning the voitage at the
seventh terminal is at the high level and transistor
026 is tﬁrned on. Accordingly; the traﬂsistor Q33
is eurned off, whereby the_muting oﬁeration is

‘carried out in the pre-amplifier 7 and in the nuting



10 transistor Q is turned on, and nmuting is effected 39 in the nutinéﬁ?
circuit 10. In this manner, the nute control circuit 12 has a hysteresis N
£haracteristic which has its discrimnationagevels at [err] and 1.5 [err]
oW : . Next, when the detuning detection signal reaches 2 VBE

transistor Q@6 is turned on in order to actuate transistor @B3. and begin

“muting in the pre; L 7. I [ se , e.l

characteristic inc?ﬁghik1ggfect?%nggﬁgpg?ggfhgiéggtggg %%gh{ﬂe¥$%%%?%%
oceHrs but is elinina%ed because_the_muting,circuit 10 has, already_ started
operating. The hyifeRé&s Qechégac%EVFltiEthtﬁ?B§¥§EGTb93gs%sdru¥%éd88%nidt'
-circuit because, as can be clearly understood fromthe operation waveform
~di agram shown andFther ewdtchingr bbansistonr© gvenich isecontéetedcto of
timng between the start of the nuting operationin the preanplifier 7 and
the start of the ﬂhéibgagpgégigearin7;hQ5nuﬁfﬁgdcbf£uit 10 at the 5

begi nning of the nmuting operation isfnade snaller than the difference of

timng at ghe rel ease of thesgy%#nggefgégg?gﬂ.ter&fngihfét%grgﬁe.ﬁigﬁe t he

differential waveformin the age fluectuation o
characteristic is;profused 85 {18 H98BhIHs detection signal, the

transistor Q,, forming the Schmidt circuit is turned

39
on and the muting circuit 10 is also made to perform
the muting operation by this mute control circuit 12.

10 ' When the detuning detection signal VM drops
below 2 VﬁE

off and the transistor Q

upon tuning, the transistor st is turned

33
muting operation in the preéamplifief 7 ceases. In

is turmed on so that the

this case, due to the S characteristic of the FM deteetion
15 output, the voltage fluctuation occurs but is rémoved
by the continued.muting'performed by the muting
circuit 10. '
Vhen the detuning detection signal VM drops

further belqw \'2 the transistor Q is turned off -

BE’ 30
20 and thereby turns on the transistor Q31 so that the
differential transistor Q39 is turned off, and the

action of the muting circuit 10 ceases at this time.
When the detuning is again effected and

. the rise voltage of its detection signal Vﬁ reaches



10 noise, it is necessary for the timng difference to correspond to
e pul se width of this popping noise in order to stop the nuting operation
lently, and the timng of nuting cirggit 10 should be slightly advanced -*

at the start of the muting operation. 15 Addi tional ly, the hysteresis\‘J
characteristic is an extrenely effective neans for conpensating for-
unstability of the detuning detection signal. It should be understood that

t he rmonol i t hi ov seyrienderedrogi stored® gt eks ckurned o2, tuming p il Q\WA
st ereo denodul on circuit can be?dpr ovided with additional circuits su

as a circuit f@f:arﬂ\i?sﬁ@fqp-' Jonaty h et eede Ohowdlee) idnvalkhgs spl ay, and
|

acircuit for cancelling t3e 19KHz pilot signal. Any signal can be used as

t he detuning J‘%é%%ﬁgenﬁ ui",)n. Sig’?'ld aqpod-png.%ﬁvcéé | 5

ne det uni n P& %o .
di scrimnatin niBE' an et uni ng, he polarity of its signal

| evel ‘may beco | mul t aneous!y hi gh..| evel nthis c , e

di scrim %at i on%%?@s?m‘%f%ce S t%pt%%e rg{}ger}%iég?é{aeﬁh@q%ff#%ér]ence.
Attention is drawn to our Application No,82.29214, (Seri ﬁ& No. )
whi ch Has beentzR¥sHREPDU O Mt YpetRd ITR3EFERCF Ry &M t here i s

clainmed in claiml1l, an P.M radio receiver including:
R 0’ and consequently the transistor Q39 is kept off

4
and the muting circuit 10 does not operate as yet.

When the detuning detection signal Viy
reaches the reference.voitage (1.5 Vbh), the

10 tranéistor Q$9 is turﬁéd on, and muting is effected
in the muting circuit 10.

In this manner, the mute §6ntrol circuit 12
ha$ a hysteresi;;charaCteristic which has its
discrimination levels at VﬁE and 1.5 Vog®

15 | .~ Next, when the detuning detection signal
feaches 2 VBE’ transistor'st is turned on in brder
to actuate traﬁsistor Q33

pre-amplifier 7. In this case, too, due to the S

and begin muting in the

| characteristic in the FM detéction output, ‘Ehe voltage
20 fluction occurs but is eliminated beqause the muting
circuit 10 has already started operating.
The hysteresis characteristic is provided
by use of the Schmi_dt circuit because, as can be

clearly understood from the. operation waveform diagram



10 (a) an FMinternedi ate frequency anplification stage; (b) an FNIdeteﬁEgﬁ;!
having its input term nal connected to the output termnal of said FM "
i nternedi ate stage; (c) a detuning detectigicircuit responsive to the

Nt ernedi ate frequency signal of said FMinternmediate 15 frequency
anplification stage; (d) a pre-anplifier having its input term nal

responsive to the output signal of said FM detector, the signal trans-

m ttj ng operati orshawnsdin Fgunen?,i moemnahlen oaeunmigvan (5 dliei t ed when

a tdantrol input signal is applied to the 20 control input terminal of said
preanplifier; (e)diaffdrsecd wkednion etwaerd thy et vhdhe awitiey ng
signal in synchronismwth a pilot signal contained in a stereo conposite

si gnal obtai ned fg4u ' P s ey G a L
peR0tdh I doie Ghrilai sl PIGHETHL (it 7 Yo 2

st ereo ‘denodul ati on circul provi

denodul ati on out | gnal s en applj,.ed wt.h said s o site signa
fromsaid pre- a%‘hﬂ%rc@a%c?%r}ﬁ lg&m%i%&gfér%r%‘ﬁt’ﬁne@ai n}ﬁ‘ se

| ocked Io%f circuit;r§g) a qgtrng circuit having first and secqnd i nput
termnal s, first RERLEERA P ELMUIENE Reratien oMads snadden &hdhal

said first and second input termnals 5 receiving said right-hand and

| ef t - hand channelthﬁarﬂiﬂPe;terme af imigig) et sthe agleanse/aify, thed said

control input - _ -
muting operation. In other words, since the
differential waveform in the D.C. voltage fluctuation
of the S chafacteriétid is produéed as the popping

10 ﬁoisé, it is.necessary for the timing difference to
correspond to.the'pﬁise width of this popping noise

| in order to stop the muting operation silently, and
the timing of muting circuit 10 should be slightly
i | advanced at the.étart of the mﬁting opérétion.

15 Additionally, the hysteresis characteristic is an
extremely effective means for compensating for
unstability of the detuning detection signal.
| It should be understood that the monolithic
'semiconductor integrated circuit IC , forming the

20 FM stereo'demodulation circuit can be provided with
additionai circuits such as a circuit for FM stereo-
monaural detection._selection and display, and a

~ circuit for cancelling the 19KHz pilot signal.

Any signal can be used as the detuning



m nal receiving the control input signal, thereby substantially
- ibiting the signal transmtting operation between said first input
termnal and said 10 first output termnal and the signal transmtting A
operation between said second input tegm nal and said second*output ~/
term nal respectively; (h) a first nmute control circuit receiving at its
I nput term nal the out put i%gnal of said detuning detect%on 15 circuit and

appl yi ng an tﬁﬁt-‘sqrbrﬁillg’l S8 ¢ PBhtaDILE rﬁﬁutc"‘l%’rth]i%eﬂ diisgfirinating
[if d f i t t rol t .f {

G Scrim nat | ietER Sitind antdeheting AR FaS AT A S Frr ditny

d h

etection signalet g, | %ﬁrcuf%lﬁ %Iﬁf%éw%tﬁ%ﬂvgp& & Oéhlé?&%é) a

second nute contro recelving a erm nal hé ou

signal of saivhdlGulmRkeMd Nt Gy BEdapRly e %thléwpa' to
the control input term sald nmuting circurt, salrd second nute 25
control cisr c\§jlsfdedrfras. havi ng a second di scrimnation Ievel with respect
t'o the output signal of said detuning detection circuit to be applied to

the input termnal thttseitiomelerawn eseloukt fAED Piwet ion b . 21 2¢ENM sai d
first discrimnation |level and said second discrimnation 30 |evel so that
when the recd@emlcdual ti on of shiwhidh rhak deexalireidehowesof ridret he

tuning state to the detuning state, the signal transmtting operation of
sai d nuting @Enesaent Applicatinn an ywhigh gthexe aigi qmmﬁtm ¢lrimjhnal

transmtting operatlon of said pre-anplifier.
F.M. radlo receiver 1nc1ud1ng-

10 (a) an FM intermediate frequency amplification stage;
(b) an FM detector having its input.ﬁérminal connected
' to the output terminal of said FM ihtermediate stage;
(c) a detuning detection circuiﬁ responsive to the
intermediate frequency signal of said FM intermediate
15 ffequendy amplification Stage;
(d) a pre-amplifier having its input terminal responsive
to the ﬁuppﬁt signal of said fM detector, fhg signal trans-‘
mitting operation of said preFamplifiér beinélsubstantially
inhibited when a control input signai is applied to the
20 control input terminal of said_preamplifier;
(e) a phase locked loop circuit for obtaining a switching
signal in synchronism with a pilot signal contained in a
stereb cohposite signal obtained from said FM detector
via said pre-amplifier; |
25 (£) a stereo demcdulation circuit for providing right-hand
énd left-hand channel aemoduiatidn output signals when
applied with said stereo composite signal from said pre-

amplifier and said switching signal from said phase



is substantially inhibited. CLAI MB. 1. A nuting circuit (22£ﬁ
~including: (a) first and second transistors having their emtter el ectrodes§
. connected to each other; (b) third and fourth transistors having their
‘e tter el ectrodes connected to each other; (c) a first constant current
source connected to the emitter el ectrode&sbf said first and second
transistors; (d) a second constant current source .connected to the emtter

el ectrodes ofodaidl 1tddg ¢@adiftaurth transistors; (e) a coupling capacitor
fOr feeding an input signal to the base electrode of sajd first transistor;
(1) a bias ri& ﬁd’i‘uq'fd\ﬂgrib’-‘?ﬁ’e‘temvt% L:dfxs&orﬂ%ctst?d’ HP%ase el ectrode

of said firsjedniianslist @iry dite seidmid outpnnerntithals @nd kasenelredt r ode
the base ol AATPHEGH IR BRyh Tt 0D R o B R o o
bi as resi5st argediningmh ik aightohand end d afite-hagld ethraomned] demodyd agiosai d
second t ransgusgsg{t %%ﬂé’lé,herégﬁé&ﬁt\férlﬁl eGd s Plcaivdif Q.l!{ﬁdi: t ransi st or;
terminal receiving the control input signal, thereby
substantially inhibiting the signal transmitting
operation between said first input terminal and said
10 first output terminal and the signal transmitting operation
between said second input terminal and said second output
terminal respectively}
(h) a first mute control circuit receiving at its input
terminal the output signal of said detuning detection
15 circuit and applying an output signal to said control
input terminal of said pre-amplifier, said first mute
control circuit further having a first discrimination
level with respect fo the output signal of said detuning
. detection signal to be applied to the input terminal
20 thereof; and _
(i) a second mute control circuit receiving at its input
terminal the output signal of said detuning_detection
circuit and applying an output signal to the control
input terminal of said muting circuit, said second mute
25 control circuit further havinq a  second discrimination
level with respect to the output signal of said detuning
detection circuit to be applied to the input terminal
thereof; whereby a level difference is set between said
first discrimination level and.said second discrimination
30 level so that when the reception condition of said FM
radio receiver changes from the tuning state to the detuning
state, the signal transmitting operation of said muting
circuit is substantially inhibited and thereafter
the signal transmitting operation of said pre~amplifier .
is substantially inhibited.



lmlﬂﬂgmmumw connect ed between said | oad means and the base

trod and fourth transistors; (j) nmeans for

alternatlvely cont ol i g and bringing 33 either one of said first and .
second constant current sources into the operative state and the ot her |ntd~/
the inoperative state; and (k) a switching el enent. connected between said

one end and said other end of said bias resistor and 10 actuated into the

ON state for acpagges.erm ned period after the switching on of the power ™
source of the nmuting circuit. 2. A muting circuit according to d-ath

1, wherein salq first con tﬁ{ﬁtti%g]éﬁr}tc CE”:[% l‘ﬁt@n%es a 15 fifth

tranS|stor haV|ng its col es connected to the
emtter electr S Q id flrst and seco d transi stors.,and to g,.reference
potenti al , resgést ﬁgﬁf% Eﬁﬁﬂf %@8' ﬁ% gﬁ? EBItteTr ce
I ncludes a sixth transistor 20 haV|ng |ts collector and emtter el ectrodes
connected to tledestrnodes somneciest tsf eaghy athiers and fourth transistors
and to said reference potenti al respectlvely 3. A muting circuit
according to Cl{&i)m Zhiwdermid) foairehs irtants it oatse Mavingndhedes emitdeent h 25
transi stor having the collector-to-emtter.path

electrodes connected to each other;

(c) a first constant_currént source connected to the

emitter electrodes of said first and second transistorss

(d) a second constant current_soﬁrce connected to

the emitter electrodes of said third and fourth

transistors;

(e) a coupling capacitor for feeding an input signal

to the base eleectrode of said first transistor;

(f) a bias resistor having one end thereof connected

to the base electrode of said first transistor and

the other ehd ¢onnec£ed to the base electbode of

said third transistor;

(g) bias voltage generafibn means connected to the

base electrode of said third transistor and to said

other end of said bias resistor;

(h) 1load means connected to the collector electrode

of said second transistor and to the collector electrode

of said fourth transistor;



it hereof connected in parallel to both ends of s

bage el ectrodes of said fifth, sixth and seventh

A'nmuting circuit according to claim3, wherein a CUIt
rconnect ed between said power source and said refe "ﬂﬁﬁ E@ 'E nd the
.controlled on the basis of the out put S|g§§¢ of said tine constant C|rcuit.

5. - A muting circuit constructed an

arranged to operate

substantial 'y as herein described with reference to and as illustrated in
Fl%nues 5 and 7 10 of the acconpanyi ng draw ngs.

10

15

20

25

(i) a feedback qircuit'connected between said load
means and the base electrodes of said second and
fourth transistors; | |

(3) méans for aliernatively controlling and bringing
either one of said first and second constant current
sources intd the operative state and the other into
the inoperative state; and

(k) a switching element connected betweén said one
end and said other end of said bias resistor and
actuated into the ON state for a predetermined beriod
after the switching on of the power source of the
mﬁting circuit.

2. A muting circuit according to Claim 1,
wherein said first constant current source includes a
fifth transistor having its collector and emitter
electrodes connected to the emitter electrodes of said
first and second transistérs and to a reference

potential, respectively; and wherein said second

- constant current source includes a sixth transistor

Having its collector and emitter electrodes conﬁected

to the emitter electrodes of said third and fourth
fransistors and to said reference potential reépectively.
3. A muting circuit according to Claim 2,

wherein said switching element includes a seventh
transistor having the collector-to-emitter path

thereof connected in parallel to both ends of said

bias resistor.

5

&
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10

4. A muting circuit according to claim 3,
wherein a time constant circuit is connected between
said power source and said reference potential and’

the base electrodeé of said fifth. sixth and seventh

transistors are controlled on the basis of the output

signal of said time constant circuit.

5. o A mqting circuit qonst:ucted and arranged
to operate substantially as herein.descriﬁed with
reférenée to and as illustrated in Figures 5 and 7

of the acdompanying_drawings.




