2074821 ."A recording/playing circuit". The present invention relates to a
regording/ playing circuit in a recording/playing apparatus for magnetic :
tapes. A recording/playing circuit as shown in Figure 5 1 of the
acconpanyi ng draw ngs has al ready been proposed by us, and ismggnggﬁggatn
cat al ogue ' 79 SEM CONDUCTOR DATA BOOK" (pp. 144 - 157) which p ' d
« i n Decenber 1979 by us. This circuit includes: a switching circuit 1 10

+ forswi t ching recording/playing signals (RRNPIN), the switching circuit 1
utilizing a differential transistor circuit; a noise reduction circuit
consi sting of an expander/conpressor 4 for higher frequency signals; and a
swtching circuit 2 which is simlar to the swtching 15 circuit 1. A
muting circuit consists of a switching circuit 3 simlar to the swtching
circuit 1, the nmuting circuit being prosiged in the playing output in order
to prevent a shock noise at the recording/playing swtching . -2- in the
pl ayi ng output. The circuit also includes a control circuit 7, which forns
a recordi ng/ playing switching signal R'P and

"A recording/playing circuit".

The present invention relates to a recording/
playing circuit iﬂ a recording/playing apparatus for
magnetic tapes. |

A re;ording/playing circuit as shown in Figure

5 1 of the accompanying drawings has already been proposed .
by us, and is described in catalogué “‘79 SEMICONDUCTOR

.- DATA BOOK" (pp. 144 - 157) which was published in
December 1979 by us.
This circuit includes: a switching circuit 1

10 for switching recording/plafing signals (RIN/fIN), the
switching circuit 1 utilizing a differential transistor
circuit; a noise reduction cirauit cbnsisting of an
expander/compressor 4‘£or higher frequency signals; And
a switching circuit 2 which'is similaf,to the switching

\ ' 15 circﬁit.i. A mﬁ£ing éircﬁit boﬁsists of a switching

;ircuit 3 similér to the switching circuit 1, the muting

circuit being provided in the playing output in order

to prevent a shock noise at the recording/playing switching



te signal M The circuit further includes a head- 5 phone anplifier
and a recording anplifier 6. W have found that the above circuit’ showng
Figure 1 has the disadvantage that three sets of switching circuits are
~fequired and that when the circuit is fabricated in the formof a
‘nmondlithic integrated 10 circuit as shpown in Figure 1, a |arge nunber of
external termnals are needed. It is therefore an object of the present #~
i nvention to provide an inproved recording/playing circuit. According to**

t he presentiﬂruﬁgnppayihgrautpuiﬁ provi ded a recording/playing circuit
including: (a) a noise reduction circuit in the formof an
expander/ conpressor hathegcarpud+tadllsd ifdicl wdedndi SoNPYrott vREknign7,
inverter circuit and a network for deriving only a high frequency signal;
20 whiclf bform$i asresortidmgyplaying tswitchihgcsiigral Ri/Psandsecond
and third input positions and an output term nal, wherein said first input
position i saocwipeesignadinMout e afirsaiidke phwrtingti fnetudéssai tieedpander/
conpressor said second input position is coupled to 25 an output of said
invertér ciphene amptifdesxpanded aomranding ampiibiepub. -3-
We have found that the above circuit shown

in Figure 1 has the disadvantage that three sets of

switching circuits are required and that when the circuit

is fabricated in the form of a monolithic integrated

10  circuit as shown in Figure 1, a large number of external
terminals are needed.

It is therefore an object of the present
invention to'providé'ah improved recording/playing circuiﬁ.
According to the present inveniton there is
15 provided a recording/playing circuit including:
(a) a noise reduction circuit in the form of
an expander/compressor having a pre-amplifier, a e
combining network, an inverter circuit and a network for
_deriving only a high frequency signal;

20 {(b) a first switching circuit which includes -
first, second and third input positions and an output
terminal, wherein said first input position is coupled
to an output of said pre-amplifier of said expander/
compressor said second input position is coupled to

25 an output of said inverter circuit of said expandet/

compressor, said output



termnal. is coupled to said high frequency signal deriving network of -said
exfanderbconﬁressor and said third input position is providedto performa

muti ng. functifon; and (c) a control circuit which serves to transmt 5

to said output term nal of said smﬁtchlng circuit selectively one of

el ectric-signals applied to said first, Second and third i nput positions of
said switching circuit. The present invention wll now be described in 10
gréater detail

b f, I | 1 ef Al ' f

Phe-acconpanyi RBLRARRInGS. CANEAG £0 it Aok EebPEnES Ranad HedlMInG”
how : f d _enbaqdi f di ng/ pl ayi ' it E '

2 CiTouit O agarFeRBueR il ARPaRST RemT eooat, AfgonBRt SPiFRo LoBRky ¢

shown in Figure 2; and Figure 4 js_a circuit diagram show ng a secon
detai |l ed arran§efdftiodf ishPTOARS - B RPTT IR JuPBtLNIREPBLLELRG if | to
the circuit shown in Figure 2, the arrangenent is such that the swtching

between a 20  recordi nq ) gnalcdi el de frobayi WBishdsehrviisN tos tfdrfgiiad by
a switching circuit 1 which utilizes a differential transistor circuit, and,

0 2onos”s, LA s I, EOBE, ST bl BIAY AT o 4
' selectively one of electric signals applied to said
first, second and third iﬁput positions of said switching
circuit.
The present invention will now be described in
10 greater detail by way of example with reference to the
remaining figures of the accompanying drawings, wherein:-
Figure 2 is a block circuit diagram showing a
"préferred embodimeﬁt of a recording/playing circuit;
Figure 3 is a circuit diagram showing a first
15 detailed arrangement of the circuit shown in Figure 2; and
Figure 4 is a circuit diggram showing 5 second
detailed arrangement of the circuit Shown in Figure 2.
Referriﬁg first to the circuit shoﬁn in Figure 2,
the arrangement is such that the switching between a
20  recording signal Ry and a playiﬁg'signal Py is effected
by a switching circuitfl which utilizes a differential
transistor circuit, and that a ﬁoise reduction circuit

which consists of an expander/compréssor 4 for higher

frequencies and a switching circuit 2' having a muting



.‘zat- function is arranged in a stage following the switching circuit 1. The
gxpander/ conpressor 4 consists of a pre-anplifier 4a, an adder networkR 4d 4
whi ch adds the 5 output of the pre-anplifier and the output of a network
4c for deriving only a high frequwecy signal, and an inverter circuit 4b
whi ch inverts the added output. The switching circuit 2' consists of a
three-position switching circuit which has a nuting position Mas well as~a

10 pl ayi niamepionpbsi arrangedndna ar edagd rfip i kpwingothei switchihg A
recordi ng/ pl aying switching output fromthe switching circuit 1 is applied
to the pre-prphiti ¢ 4a through a coupling capacitor CI1. The out put of
the pre-anplifier 4a is applied to the recording position input 15 R of

the switching circuid 2 _thraou a couplin apaci t il st the out put
of the inverter cirth?tefgap e%?ﬁqqgf%%f?ﬁegp$§9%ﬁ§£SS§Ft%gn i nput P of
the switching circuit 2' through a coupling c%facitpr C3.. The output of the
swi t chi ng R¥ecamplifies 48 and adder metwark 4d whicheaddskthe through a
coupling capacitor C4, and al so provides a playing output [err] The ,
out pl8 of dunepuwi df£htheg presamplidfier Amd tippldetplit afhgadphone anplifier
5 which provides a playing output [err] through a coupling capacitor C
The out putndiud e 4BVELECUe iV only a high frequency signal,

and an inverter circuit 4b which inverts the added output.

The switching circuit 2' consists of a three-position

switching circuit which has a muting position M as well as a

10 playing input position P and a recording input.position R.
| The recording/playing switching output from the
switching circuit 1 is applied to the pré-amplifier ba

through a coupling capacitor C The output of the

1°
pre-amplifier 4a is applied to the recording position input
15 R of the switching circuit 2' through a coupling capacitor
Cz, whilst the output of the inverter circuit 4b is
applied to the playing position input P of the switching
circuit 2' through a coupling capacitor C3;
The output of the switching circuit 2' is applied
20 to the network 4c through a coupling capacitor C,,
and also provides a playing output POUT’ The output

of the switching circuit 2' is also applied to a headphone

amplifier 5 which provides a playing output P...' through

OouT

a coupling capacitor Cs. The output of the inverter circuit



-5- 4b is applied to a recording anplifier 6 to provide a recording outp-f

[err] Jfor a‘record head. The operation of the above described noise

rduction circuit is as follows. 5 Wien it is desired to
record, the switching circuit 2' is ge% to the recording position R by the
contrdl. circuit 7. A recording signal® which is the output of the

pre-anplifier 4a has added thereto an in-phase higher frequency signal

Wi ch is for r : t e.sW ' IH1GW el rk 4c,
and an out pu{@gi%%a%gjr'égeggr iﬁg%%%ﬁlg%eﬁegree%n%%gg%n ed is

formed by neans of .fhe inverter circuit 4b. In fhe case where a playing
si gnal thus r’é’b‘b‘?’&%ﬁn&?“tmgtgogg %P&y@d,retq?gé\?ﬁ%‘ﬁt ng circuit 2' is set

‘at the playing position P by the control circuit 7. The expanded pl ayi ng
signal - which is the ouThetoperatiopr of &hs ighove Adesexibedcnoinereto an
anti - phase hi gher frequency signal (resulting in a subtraction) which is 20

formed by neapsdedtidr SirEahtndsCiakCfiollldwsind the network 4c after the
. inversion by the inverter circuit 4b. At- the output of the sw tching /

CITEL S, L1 1S OSSR S g WL e ™ 11
circuit 2' is set to the recording position R by the
control circuit 7. A recording signal which is the
output of the pre-amplifier 4a has added thereto an
-in-phase higher'frequency signal which is'formed'through.

10 the switching circuit 2' and the network 4c,
and an output signal for recording with the higher
frequency.expanded is formed by means of the invérter
circuit 4b.
In the case where a playing signal thus recorded
15 is to be played, the sﬁitching circuit 2' is set at the
playing position P by'thelcontrol circuit 7. The
_expanded playing signal which is the output of the pre-
amplifier 4a has added thereto an anti-phase highgr
frequency signal (resulting in a subtraction) which is
20 formed by means of the switching circuit 2' and the
-_network 4c after the inversion by the inverter
circuit 4b. At the output of the switching circuit 2',
the playing signal with the high frequency compresséd

into the original level is obtained, and a high region



- noise is conpressed. On the other hand, such sw tchable noise reduction
Jystem havi ng the above descri bed feedback network has been di scl osed tn
detail in "Dol by B-Type 5 Noi se Reduction Systent, the SERT ‘Journal
Vol 8, May/ June 1974, pp. 99 - 103, by R Berkovitz and K. @ndry. In the
enbodi ment shown in Figure 2, tAe“switching circuit 2' which forms part of
the noise reduction circuit has three switching positions, one 10 of o~
which is proyid X ing function. It is thus possible to achieve &
sinplifié@%?%% gg %%%ngﬁgggf arrangenent and al so to reduce the nunber of
external termnals Qf the IC Futthernore, in order that the circuit 2' 15
shal | prevent the o@EuF gnother dyhSICh svidchable, peiseo t he swi t.chi ng
of the switching circuit 1, a recording/playing switching signal R P forned
by the coredettioncayst@mi bapingedhehraboye aegptrimed cfeddifacko form a

recording/ playing sw tching signal for the 20 ~switching circuit 2' and
a mute sigdedodki RaysBdensdds82bBed N e tdidNaln "Iy BaPGpe0 that when
the nute signal Mis provided, the recording/playing svitchi si gnal may

bes i nhi bigefd op @5 oL dof B&SEE&“QC%&O S A P P&r&t g n ‘May/
June 1974, pp. 99 - 103, by R. Berkovitz and K. Gundry.
"Volby” & o iEkred hode mort .
_ In the embodiment shown in Figure 2, the
switching circuit 2' which forms part of the noise
; reduction circuit has three switching positions, one
10 of which is p:ovided_wieh a muting function.

It is thus possible to achieve a simplification
of the circuit arrangement and also to reduce the number
of external terminals of the IC.

Furthermore, in order that the circuit 2'

15 shall prevent the occurrence of the shock noise
attributed to the switching of the switching ciréuit
1, a recording/playing switching signal R/P formed by
the control circuit 7 is passed thfough a gate circuit
G, to form a recording/playing switching signal for the

20 switching circuit.Z' and a mute signal M is used as a
gate control signal in this case so that when the mute

| signal M is provided, tﬁe recording/playing sﬁitching

signal may be inhibited to afford a preference to the

muting operation.



-7- Even when, in this manner, the switching circuit constituting the d%§E)
reductson cifcuit is provided with the muting function to reduce the nunber
of° external termnals in the fabrication of the nono- 5 lithic IC

whi l'e achieving the sinplification of the circuit arrangenent, it does not
effect the functioning of the circui$ Pn-other respects. Figure 3 shows a
detailed circuit diagramof one preferred formof the swtching circuit 2
ast0 - well as the control circuit 7. As will be seen fromFigure 3, the
out put sides of voltageEven| vhen, cincbhis manvkerar éheosnddchimg a plurality
of differential transistor circuits, are made common, and a plurality of

em tter const@Dic@yt’eshsibtutingoUheesiol @eMra@ua tpbw diidonief idi fferential
transistors are selectively switCched to operate only one set of

differenti al kSkO ehy ' ' oper at| i aryi ut .
More speci fi cé#%fa€%e%§5¥\3ggé @%{t?ﬁg""’fgﬁ@t%& ?’ ? erq'lgn & St%'ll‘qar &%PMi ch-
are respectively forned bg differenti al tr%giistors %Qd and an
emtter const@hte¥te¥Bal SempéralsninsthRyfePricatins oo ithes manes y
resistor [err], differential transistors (3 and4

5 lithic IC while achieving the simplification of the

circuit arrangement, it does not effect the functioning
of the circuit in other reépects.
Figure 3 shows a detailed circuit diagram
of one preferred form of the switching circuit 2' as
10 well as the control circuit 7.
" As will be seen from Figure 3, the output
sides of voltage follower circuits which are formed.from
a plurality of differential transistor circuits, are
made common, and a plurality of emitter constant-current
15 sources forming a'plurality of differential transistors
are selectively switched to operate oﬁly one set of
differential transistors, whereby a sWitéhing operation
is carried out.
More specifically, the outputs'of the
20 differential circuits, which are respectively formed by
differential transistors Q, and Q, and an emitter
constant-current source consisting of a transistor le
and a resistor R6’ differential t:ansistbrs Q3 and Q4

and an emitter constant-current source consisting of a



)

nd an emtter constant-current source consisting of a -8- transistor Q .

d aresistor R and differential transistors [err] and [err] and ah - e
mtter constant-current source consisting of a transistor Q and a
resistor [err], are all connectedgin comon. 5 The

differential circuits are provided with a load circuit which consists of a
current mrror circuit conprising transistors Q and QL4 The output of the
current ni : Cf ht | pR! -gd4 ngem I diHfAePeH AT cuit which
consi stsn% %1§t6£$16a%glastao?€?ér§re]o? Iliéde}ahghid;lt@ﬁdi odets1 lerr] and [err]
in the forn1of.d£ode onne tﬁd trgnsisto&g, and a qfnﬁ%gnt- cqérent source
| . The*oRptEcoFsSt e t Ror 3P0 BBWEPIT RS GO Y I L onpl enent ary
push-pul | output circuit consisting of transistors [err] and [err] so
as to 15 sourcdteenshaténgpef. aThrangisger i nand ia A8kt back to the

base el ectrodes of the transistors [err] and [err] which are the inverting

i nput terkj naase ohllheotnéteedntinakommamsi stor circuits. 20
The base efectrodes of the transistors [err] and @ which are the /
nog-inverting input$n@f 4 Beerential circuits are provided with

a load circuit whi;h consists of a current mirror

circuit comprising transistors-Q13 gnd Qla'

The output of the current mirror circuit is

applied to an emitter follower circuit which consists of
10 a transistor QAS’ level.shift diodes ng and Q47 in

the form qf diode connected transistors, and a constant-

current source Io. The qutput of the emitter follower

is used to drive a complementary push-pull output

circuit comnsisting of transistors Q46 and Q48 so as to
15 obtain an output.

This output is negatively fed-back to the base
electrodes of the_transistoré QZ’ Qh and Q6 which. are
the inverting input terminals of the differential
transistor circuits.

20 The base electrodes of the transistors Q1, Q3
and Qs which are the non-inverting inputs of the

differential transistor circuits are supplied with a

base bias voltage VBz through resistors R3, R, and R

2 1’
respectiﬁely. The base electrode of the trahsistor Q1



differential transistor circuits are supplied with a base bias voltage éb .
through.resi'stors [err] and [err] respectively. The base el ectrode of the -
ﬂ@anSJstor Q is supplied with only the bias voltage VB2 in order to use
it as a.mute position input, whereasgthe base el ectrodes of the transistors
and are respectively associated with coupling capacitors [err] and [err]
which are 5 used as a playing position input P and a recording

p&si tion ingy fFKgEEnesiiyehYonlyf Ekeepihgl vb1aBgESYOrS in ord@id to
whose emtter elé%trodes are coﬁxnne are suppa?e Wit h a const ant - current

(rom 2,51 Louda e b a e SBFAERed pauss ARk abChE, aghe) ol hve' Y

switching input RIP, The_ di odes Q20 ,and Q2 are respectively pravided mnth
series resi akAatyedes efidther Fransbstons: RsueBd18, arecFespec tivelsr

CIrCUItS with the transistors [err] and [err] respectlvely Upon swi t ching
"on" the respesddisted f¥ktkentoaplingneapacitofrsr b and [ rwhitdhe are
appropriate current mrror circuit operates to tu ither the /

Fg‘;‘;]@gmj' ?LUFS%H V\%serée[:) play fﬁgr?o@tﬁﬂﬁ PApat Phand ff%%'&tfcﬁ'ngt ransi st ors
y circhit is swmtched to either th
position input R respectively.

Differenfial transistors Q43 and QAA' whose
emitter electrodes are commoned, are supplied with a
constant-current from a-circﬁiﬂ Io.- The constant

10 current Io is selectiveiy applied to diodes on and QZI
in accordance with a recording/playing switching input
_R/P._

The diodes Q20 and Q21 ére respectively

provided with series'resistors RS and Rg, to constitute
15 current mirrof circuits with the transistors Q17 and Q16
respectively,

Upon switching "on" the respective differential
transistors Q.,"_3 and Qﬁa, the appropriate current mirror
cirquit operates to turn "on'" either the differential

20 transist.or_s‘Q3 and Q, or the-differentiai transistors
QS and Q6’ whereby.circuit is switched to either the
recording or the playing mode respectively. .

| Differentiai transistors Q,, and Q,,» whose

emitte: electrodes are commoned, are supplied with a



fding or the playing node respectively.. Differential transistors [err]

[err] whose emitter el ectrodes are conmoned, are supplied with a’ s ¥

0" - constant-current froma circuit | . This circuit 0 generates a

vol tage across a di ode - a@jfbrfsistor R in response to the "on"

out put of the transistor Q7 _ _

17 which is turned "on" by the nmute position input M 5 Thi s voltageé}
drives th S 1~ : éﬁ#? pffer i al Lstors Q and
whi ch cong?#%ggéltt Iﬁg&ﬁu@%‘g ?ggﬁf%%ﬁ edt\m1 tagfe‘rdé%r%gs'éé?@e: di ode

and the resistor [err | so turns on" %#%£Si tors [err] apd thus render
the respe@EREEALRS ént© 8GNASH 13 DHOU®) Q3 ¥RE @i FREL&RPFal '
transistors and 4 and the differential transistors @ and Q6 of the

recor di ngRandnpregpegsgodio ithes 'tan'boutmit cef i ke transidroten Bt i al
transistors Q41 and Q42 thus forma bias circuit of constant ingut current,

to effectwhliiehmisi rarded dormsh bip the diseh@sitienmikhpas Mesi tion. input
signal Mirrespective of the recording/playing switching signal R P. Diodes

Lesr] wni ¢ 3 ol B3RRCUr Y AW sUdP G 1L opbeGELOLRS OF the
differential transistors Q1 and_Q2 which constitute thé
mute position. The voltagg across the diode Q18 and the

. resistor R7 also turné "6;" transistors Q22'4 Qs and
thus render the respective current source circuits of
10 the differential-transiétors Q3'and Q, and the differential
trénsistors‘Qs and Q6 of the recording and playing
positions to be ineffective. The differential
transistors Q41 and Q42 thus form a bias circuit of
constant input current, to effect the mutiné operation
15 based on the muting positibn.input signal M irrespective
of the recording/playing switching signal R/P.
| _Diodes Q7~- Q12 which are respectively
arranged at the emitter electrodes of the differential
transistors_Q1 - Q6 are provided to prevent the counter
20 flows of the input ;ignals of the transistors'Q3 and QS-
in the "off" states to the other positions. They
prevent the counter fiows due to the reverse breakdown

across the base and emitter electrodes of the

' transistors, but they are unnecessary when signal



transistors Q are provided to prevent the counter 20 . flows of ﬁ*&Q;
t{e.inpdt si'gnals of the transistors @ and @ in the "off" states to th

ot her. positrons. They prevent the counter flows due to the reverse
breakdown across the base and emtter electrodes of the transistors, but
they are unnecessary when signal =-111-- anplitudes are small. Figure 4

- shows a detailed circuit diagramof a second preferred formof the

swi.t ching circuit 2, as well - the control circuit 7. 5 Al
circuit el erfREIFIGYALE b?‘B?a.é}u‘I ine IC are constructed within a |
nonol i thic sem conductor integrated circuit. Synbols a - k enclosed with
“circles indicate exterFibgureri showsoa dasaibadl cikicuisediagraocod
integrated circuit. 10 During recording, a control signal RP
which is appdisskdrd tpeefateédafoinr 6Enthehswitahiaghicdfrchdel2' ayd a nute
control signal Mwhich is applied to the external termnal i is also at the
hi gh | evel . Pr gl , St S r and [err] of 15 t he
control ciraﬁ$§97g%Egﬁg"%é§e?a§h%$£§giﬁhzlother transistors Q28 4 and 4

turn gon®. Accordingly,; f {120318" Qlem@ed’ 1h2Tad"s BYoln 1ine 1c

are constructed within a momolithic semiconduétor
integrated circuit. Symbols é - E enclosed with circles
indicate external terminais of the monolithic
semiconductor integrated circuit.
10 During recording, a control signal R/P which
is applied to the external terminal h is at a high
level, and a mute control signal M which is applied to
the external terminal i is also at the high level.
Accordiqgly, trangistors Q27, Q43 and Qaz of
15 the control circuit 7 turn "off",'whereas the other
transistors Qg Q and Q,; turn "on".
| Accordingly, a transistor Q3o of the switching
circuit 1 is switched to the "on" state and a
transistor Q5 is switched to the "off" state. A
20 transistor Q¢ of the switching circuitli' is switched
to the "on" state and transistors Q153and Q17 are switched
to the "off" states.
: ~ which _
A recording signal RIN/iS applied to the

external terminal 5, is transmitted to the external



(ggglrduit 1is switched to the "on" state and a transistor S smﬁtched'to

off" state. A 20 transistor QL6 of the switching circuit 2'"is ¢
swrtched to the "on" state and transistors [err] and [err] are switched
tothe "off" states, which A recordi®g signal RINis applied to the -
external termnal a, is transmtted to the external - 12 - termnal c
t hr ough tranS|stors [err] and [err] diodes [err] and and emtter ~
fol  ower tr&R3Mmingls r%‘é"@?ﬁ’m?hét?&?o ilngngi Gl A4QARE Qnys '

transmtted to the external terminal c, is applied to the expander/ 5
conpr essor 4nidhQuyglared cmitter. fabhoWewrtkansﬁStbeso@%@ﬁwmd . fromthe

pre-anplifier 4a=’s applied to the external term na
capaci tor
to the external termnal f -through™a c

t he
n Onl
t hat
to t

recordi
state
only t

10

15

20

rough coupling

C2, and an opHPUtedhBdthg f&Qgh tl.eR' Y Ghiieh iy Geidniid tie@pp! i ed
upl i ngN capacitor [err] During

o S ofint et} L ;;“ngﬁ&;g T he' eemadiaday L

he output signal of the pre-anplifier 4a which is 15 applaed
e extewammptessmnau Ehrpsgapw|cnnplnon;apac1tor €y The

output 51gna1 from the pre-amplifier 4a is applied to
the external terminal e through a coupling capacitor CZ’
and an output signal from the inverter circuit Qg_is
applied to the externai terminal £ through a coupling
capacitor C3.

During the recording, the tramsistor Q16 of
the switching circuit 2' is in the "on" state and the
transistors Q7 and Q5 are in the "fo" state, so that
only the output signal of the pre-amplifier 4a which is
applied to the extefnal terminal.g, is applied to the
network 4c of the expander/compressér 4 through
the transistors Q3 ;nd QA’ diodes Q9 and QlO’ a current
mirror circuit consisting of transistors Q13 and Q14’ an

emitter follower transistor Q5+ @ complementary push-

pull output circuit consisting of transistors Q46 and

Q,g? the external terminal g and a coupling capacitor C,e

Thus, a higher frequency signal formed through
the switching circuit 2' and the network 4c is

added to the recording signal of the pre-amplifier 4a,



network 4c of the expander/conpressor 4 through the transistors and<izf§:;)
[gcr-8] *dirodes [err] and [err], a current mrror circuit consisting of
trapsistors [err] and [err] an emtter follower transistor [err], a -
“conpl ementary push- 20 pul | out put ihrcuit consisting of transistors Q46
and [err] the external termnal [errT d®a coupling capacitor C4. Thus, a
higher frequency signal fornmed through the switching circuit 2' and the

nstwor k 4c is amdblerd digndlk ferorecogdingnetithf thiec hirgheanfirdquancsa,

-13- and a signal for recording with the higher frequency expanded can be

provi ded froMehiuRidd Uar?'bd Frovy8edCEreh thel citpudid NIt Aivkrtd i

control signal which i1s 5 applied to the e termnal h i1s at
a low level, %pd u%} te control signal Mwhich is applied to the external
termnal i is%S h | evel . Accordingly, the transistors [err] and

[err] of the control circuit 7 turn "off" whereas the other transistors
Q7' 43 10 and Q41Duxing "phayingssthecsontralsignakiRAB vwitsth oks t he
switching circuit 1 is switched to the "on" state and the transistor [err]«
is switiched t appldiédits thetexterdalheerminalstoris at HiLdweleidipy

switching circuit 2 : _
' and the mute control signal M which is applied to the
external terminal i is at the high level. Accordingly,
. the transistors Q28’ Qﬁa and Q42 of the control circuit
7 turn "“off", whereas the other transistors Q27, Q43
.10 and Q,, turn fon".

Consequently, the transistor Q35 of the
swigching circuit 1 is switched to the "on" state and
the transistor Q30 is switched to the "off" étate; and
the transistor Q;, of the other switching circuit 2°

15 is switched to the "on" state and the transistors
le and Q16 are switched to the "off" states.
IN’ which is applied'to the
external terminal b, is transmitted to the external

A playing signal P

terminal ¢ through transistors Q36 and Q37, diodes Q38
20 and Qg end emitter follOﬁer transistors Qg and Q-
The playing signal ?IN transmitted to the
external terminal ¢ is applied to the expander/compressor

4 through the coupling capacitor C Further, the

1..
output signal of the pre-amplifier 4a is applied to the



Is switched to the "on" state and the transistors QL5 and .Ql6 are
ched to the "off" states. A playing signal [err] which is applied t'os: &
.external terminal b, is transmtted to the external term nal c through
transi stors @6 and B7, di odes (B3 = and and emtter follower
transistors 4 and 0. The playing signal PINtransmtted to the external
termnal c is_ appli.ed to the expander/coppressor t hr ough t.he coupling ™,
capaci t or [éﬁtf%%q;ur ina &oﬁ?’fﬁ?_ggi gﬁﬁl °8Pptlﬁr@gprc@1%ﬁ}1q"ﬁ &fona is
applied to the -14- external termnal e through the coupling capacitor
C2, and the and: fipe gupput osigmal i ofether iovester sinemidpgth edsto t he
external termnal f through the coupling capacitor [err] 5
Buring pl ayia'pgliféaﬁ tio ailgd SdRternal t@imihalsE thirougicitiadlidowplisgin the

"on" state and the transistors and are in the "off" states.
Hence, only Wypite signal of the inverter circuit 4b, which is applied
to the exter%% qiyrnr%3°[err] Is applied to the 10 networ k 4c of

t he- expander/ conpr ess 4, t hropgh transjstors [err] and [err] .di odes [err]
and Perr] the curremﬁﬂﬂF¥Qﬁ Ef_XhFS'[E#P]tgﬁBS ribrgeﬂét?@ﬁ fol | ower

transi stor Q45, the conpl enentary push-pull output
switching circuit 2' is in the "on' state and the

tfansistors Qs and Q16 are in the "off" states. Hence,
only thg output signal of the'inverter circuit 4b, which
is applied to the extermal terminal f, is applied to the

10 .network 4c of the expander/compressor 4.through
transiétors Qg and Q, diodes Q4 and Q,» the current
mirror circuit Q13 and Q14’ the emitter follower
transistor QAS’ the complementary push-pull output.
circuit Q46 and QAS’ ;he output terminal g and the

15 coupling capacitor CA‘

Thus, an anti-phase higher frequency signal
formed through the switching circuit 2' and the
networklﬁg after inversion by the inverter circuit 4b
is added to the playing signal of the pre-amplifier 4g

20 and the playing signal with_its higher frequency
compressed into the original levei can be obtained at the
output of the.switching circuit 2' at the output
texminal g.

During the muting operation, the mute control



ci roui t [err] and [err], the output termnal g and the 15 couplingééggzy

cgpgeistor C4. Thus, 'an anti-phase higher frequency signal forned through
the switching circuit 2' and the network 4c after inversion by the inverter
circuit..4b is added to the playing signal of the pre-anplifier 4a 20

and the playing signal with its higher_.frequency conpressed into the
original level can be obtained at the output of the switching circuit 2' at
t Res output termnal . g. ring the, muti operation, the nmute control -
157 %5l nal SheRALM it T2 AreLize BY, BRELFxEE e BemmiBal L oy,

| evel , and hence, the transistor [err] of the control circuit 7 turns "off"
and transi stict a4 ex rlowprbewanl, tiencegnthestransistor Q, ., ofashg result,
t he transi stor of the switching circuit 2' is switched to the "on"
state and t hooritwobicipeeiQlP oatn&l7o8€¥ andt chadstistore QWf,,f 'Q5f,ate, so
that the respective signal conponents applied to both the e rn

termnals e mj%n&ug I NAL B tedn 20 frombeing transmtted to the
external terf@dal g. 24

5 . As a resﬁlt, the'transistor'le'of the
switching circuit 2' is switched to the "on" state and
the transistors Q16.énd Qlf are switched to the "off"
state, so that the.respective signal components applied
to both the external terminals e and £ are inhibited

10 from being transmitted to the external terminal g



CLAI M5, 1. A recording/playing circuit including: (a) a noise’

npl i
deriying
which in
t er m nal

selectively one of electric signa

fi

c

tion—cirrcurt—in the formof an expander/conpressor having a SR

' network, an inverter circuit and a network for -
ﬂ!lmﬁuw mm“r equency signal; (b) a first switching circuit
Lrs

9

, sseeond and third input positions and an out put

wherein said first input pesiltéd en is coupled to an out put of —~
said pre-anplifier of said expander/ 10 conpressor, said second input A\
position is C§#§&§§ to an output of said inverter circuit of said expander/
conpressor, s t

deri vi et K of . ' said b hidd J. ! i ti of
e oy ovided o35 port d R na FRTRY£R80C1 201 PAL RGP POS 1T O
whi ch serves to transmt(éﬁ’é*ﬂék#&”f%ﬁ?&E%Bk”ékrBBiﬁaﬁﬂ %gé(gg dfr it

put termnal is coupled to said high frequency signa

s applied to sal Irst, second and third

I nput pOSiti08§p§hd§¥V%dereé§5fQ@é@ﬂnﬁié?ﬁk&amﬁlifier, & combining

recordi ng/ playihg circuit "according to

im1l, wherein a recordLng/pIayhng

swi t chi ng conhfzeh&mna\ln atrrpalt ecLoBhiel afighahedWw@ rkPFdre@drd wigdl
Circurt. .

contr ol

5

10

15

20

25

only a high frequency signal;

(b) a first switching circuit which includes

first, second and third input positions and an outﬁut

terﬁinal, wherein said first input position ié coupled
to an output of said pre-amplifier of said expander/
compressor, said second input position is coupled to an
6utput of said inverter circuit of said expander/
compressor, said output terminal is coupled to said high
frequency signal deriving network of said expander/
compressor and said third input position is provided to
perform a muting function; and

'(c) a éontrol circuit which serves to transmit
to said output terminal of said switching circuit
selectively one of electric signals applied to said
first, second and third input positions of said
switching circuiﬁ.
2. A recording/playing circuit according to Claim
1, wherein a recording/playing switching control signal
and a mute control signal are applied to said control
circuit.
3. | A'recording/playing circuit according to Claim

2, further including a gate circuit with which, when said



25 3. - A recording/playing circuit accordrH§775737m4%4L\ji[}her
|r;cud+ng a gate circuit with which, when said yM” @rd I nput

posi t+on is selected by the application of said # w W sai d
smntchlng circuit is inhibited frombeing7set to sai d°fiu ond I nput
- positi On by said recording/playing switching signal. / 5 4.

"~ recording/playing circuit according to any one of the preceding clalns,
fusther includithdrd dapotd podittdomoisiselectedi b thevappldcatdosniof

sel ectively either a recording signal or a playing signal to said

pre-anpli i er alaielfhe@xleid ) YIYRAPO  sal@ Switchin %él&'@ﬁ@.ﬁ:d'l@g/ pl aying

circuit according to any one of the precedlng cl ai ns, erein said first

(b) & seond iFPAFIIBLEIH P L4 oto JpAL81 ERLLE of blcnd "G
differenti al pgler i%f transi stc‘){s Q(;ﬁ)@a‘%él/rft ic_;rrgntg;g;é%g tr;&sll stor

whi ch is coupl @85 igmmbyh said ke 18/ B+a¥LREJEWL Sf

differential pair of transistors; (e) a second current source transistor p

which 20 is5coépl ed in cammecdrding/phaying eircuiedescofrdimgd to any

one of the preceding claims, further including a
second switching circuit which serves to transmit
selectively either a fecording signal or a playing signal
‘to said pre-amplifier of said'expander/compressor.
10 S. A recording/playing circuit according to any
| one of the preceding claims, wherein éaid first switﬁhing
circuit comprising:
(a) a first differential pair of transistors;
- | (b) a secopd differential pair of transistors;
15 _ (¢) a third differential pair of ﬁransistors;'
(d) a first current source transistor which
is coupled in common to the emitter electrodes of said
- first differential pair of transistors;
(e) a second current source transistor which
20 is'coupled in common to.the emitter eiectrodes of said
sécond differential pair of transistors;
(£) a third current source transistor which
is coupled in common to the emitter electrodes of said

third differéntial pair of transistors;



nd di fferent+al—pair of transistors; (f) a third current source
Si stor nﬁhﬂ is coupled in commpn to the emitter el ectrodes of sai d ee 'y

{rd diff ﬂ"ﬂ'&ﬂ"tran5|stors - 18 - (g) a load circuit which -
d first, second and third differential pairs of

i s coupl ed

transistors; and (h) all effitter -falglaqwer circuit which is arranged between
sai d | oad cirCU|t and said output termnal of said flrst SMAtChIng circui t

6. A recordi pl aying,cir.cuit acecar to G wherein: a bi €
vol tage i s connect eg% F&rtcl’f&tbéé@‘ g}e’%’t ]S%I d first, second
and third differential palrs of transistors on one side; a voltage of said .
output tecommah b6 said €dirsthi sgcond @nd ithimsth differenthalative feedback

vol tage to the base el ectrodes of said first, second and third differenti al

pairs of #éﬁﬁgl§E0t§aﬁglhhar@bheﬁmﬁlde t he base el ectrode of said first
differential pair of transistors on said one side is connected to said

first input p05|t|ogI th%np% s tfds s%ﬁfkéfgogglghfigrentlal pair

of transistors on s one SI e IS connec ed to sard second I nput pOS|t|pn

the base el ectrodge of said th
arranged between saldwioad circuit and said output

terminal of said flrst switching c1rcu1t;

6. A recording/playing circuit according to Claim
5, wherein: a bias voltage is conmected in common to

the base electrodes of said first, second and third
differential pairs of ;fanSistors on one side; a
‘voltage of said output terminal of said éwitching circuit
is ‘applied in a negétive feedback voltage to the base
electrodes of said first, second and third differential
ﬁairs of transistors on the other side; the base electrode
of said first differential pair of transistors on said
one side is conmected to said first igput position; the
base electrode of said second differential pair of
transistors on said one side is connected to said second
input position; the base"elect;ode of said third
differential pair of transistors on said one side is
connected to said third input position; and one of said
first, second and third current source transistors is

selectively rendered conductive by said control circuit.



differential pair of transistors on said one site—sconnected to $aid

thlﬁp;lnput ‘position; and one of said first, sec “Imunrent
sBdrce transistors is selectively rendered condu?ﬂ@m“m““ni“ trol
~circuit. 7. A recordi ng/ pl ayi circui t'saceordiny t%o ¢ aim4, or
either.Claim5 or 6 as dependent on a di m™4, wherein said second switching
-~ circuit conprises: (a) a first differential pair of transistors; 5

(k) a second Fifferenti A rpebrdihg/plestingredraeit saccordingr ten€latmr ce
transistor which is coupled in common to the emtter el ectrodes of said

first di ff-ereMLabrpeEthefr Clanm St 0156 (db depatdent Comr €Daimol|ce _
transi stor which 10 is coupled in comobn to the en1tter el ectrodes of said

second differe a f | 7 ichis
coupled in conﬁ%%gééﬂsal 3 s%sggghgkgé%gﬁéﬁ% gg%?égof -
transistors; and 15 tter f oyner IrCUIt which is
arranged between sai d Ioé&DC|Fc§&FL§h§P %ﬁﬁ?ﬁ%Fe? ofragsistors;
expander/ conpressor. 8. A recordlng/playlng circuit accordlng to i
Claim7, wherein: the redb)di mgsecomd diffewsneialopaivasf 2oansietorsge

of one of said first differential pair of -

(¢) a first current source transistor which

er en

is coupled in common to ﬁhe emitter electrodes of said
first differential pair of transistors;

(d) a second cﬁrrent source transistor which

10 1is coupled in common to the emitter electrodes of said
second differential pair of transistors;

(e) a load circuit which is coupled in common
to said first and second differential pairs of
transistors; énd

15 (£) an emitter follower circuit which is
arranged between_said load circuit and said pre-amplifier
of said expander/compressbr; |
8. A recording/playing circuit according to Claim
7, wherei#: the recording signal is applied to a base

20 elébtrode of one of said first differential pair of
transistors; the playing signal is applied to a base
electrode of one of said second differential pair of
transistors; and either the first or the second current
source transistors is selectively remdered conductive by

'said control circuit.



LY
“ansi st ars; t he pl ayi ng si gnal is applied to a base el ectrode of one of
d second differential pair of transistors; and either the first or t'ifes «

22 cont | MR ARG o= " =" VR Yerord et ot ayimg. €1 reut

constructed afd &r r’hng‘ed *t 0 oper at @0substantially as herein described with
reference to and as shown in Fi gures 2 and 3 or Fi gure 4 of the

acconpanyi hg draw n The text (il t.he speci f| cation qqueen reproduced‘(
by phot oc®pyi ng thegaEEFP6§APS/M %&lcﬁns nF‘i ntain a few
amendnents which are difficult to read .The ariginal typescript

cont ai ni ngrfhngedamndpEMembls&anﬂpﬂdlyedammetmmrManed t he Patent
Ofice

with reference to and as shown in Figures 2 and 3 or

Figure &4 of the ac oompanying drawings.

The text of the specification has been reproduced by photocopying the epplicents originel
"ypesc*ipt. It way contain a few emendments which are difficult to read. . The oxiginal
typescript comtaining these amendments may be ingpected on the premises of the Patent Office
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