"I mprovenents in magnetic recording and pl ayback apparatus" The present
Fnvention relates to magnetic recording and playback apparatus mhlch

i ncorpotates a signal . Variabl.e inpedance circuit u ﬁggs%§zgg§$ B
transmission circuits, in which the inpedance of af G ssi on pdt ™
i's vari ed by current control are known from U. S. Patent Speci fication @?%%)
3, 7644741 and 4, 220,875. W have made a thorough study of the known 10

vari abl e i npedance circuits. Fromour detailed studies we have noted'that

the current consunption increases sharp y_when the impedance is reduced to
a.snall value. In particular, we ‘have found that the curreht consunption

i'ncreases in inverse pganarti the lopedance 13,43 _ On the
other hand, a switch value filter has

been nmade as a nonolithic fhk‘gﬂ%&*ﬁ%ﬁ%ﬁ reported in the

proceedi ngs of the | EEE Vol ober 1979) in an
article entitled "Apph»lh@atﬁrcggégt %ﬁgglgg rel%Wtleshad atpL filter
e

technol ogy by Hewes et al. SWtc capacitor, an i dance S

equi.val ent | yeéefamgofanehw%ﬁ aaﬁeaiaétascaaaeht AncB¥bd Agedg equency of
~a#clock 'signal applied to smntchlng neans.

a signal.

Variable impedance circuits such as signal
5 transmission circuits, in which-ehe impedanée of a
signal transmission path is varied by current cOntrdi,
are kpown.from-U.S. Patent Specification Nos. 3,761,741
and 4,220,875.
We have made a thorough study of the known
10 variable impédance circuits. From our detailed studies
we have aotea that the ' current censumptibn increases
sharply when the impedance is reduced to a small value.
In particular, we have found that the current consﬁmption
inc?eases in inverse proportion to the impedance. \
\Jils  On the other hand, a switched capacitor filter
which is a sampled value filter has been made as a
monolithic filter in recent years, as.reported in the.
proceedings of'the IEEE Vol. 67 No. 10 at pi403 (October
_1979) in an article-entitled 5Application of CCD ana .
: éo switched’ capac1tor f11ter technology by Hewes et al.
. ' In a sw1tched capac1tor, an lmpedance is
equivalently formed of the capacitance of a capac1£or
and the frequency of a clock siénal applied to switching

means.



~-2- It is an object of the present invention to provide a signal

~transm ssion circuit of low current consunption, for use w th nmagnetic
recordi ng and pl ayback apparatus. 5 . According to the present

i nventi-qn there is provided a magnetic recording and playback apparatus.-—
—incl ydiFkng: (a) a playback anplifier which detects a signal recorded on_ @
- magnet\rg /t ape; 10 - (b) a first switched capacitor whose inpdhé
term? is connected to an output 2ernminal of said playback anplifier; (c)
a recording anplifier; (d) a second switched capacitor whose 15 = out put
termnal is connected && &8 RRp@PIEStnicfalthsf PIgisenteddvENdomnplifier; (e)
an .oscillator circuit, which %enerates control signals to be applied to said
first and seEBnBTOYFEE fofdInghqtsgnsmission cirquit,iQfcyit neans for

generating ag 4 €.t HofldhpkZon’ "FAPULY LG PRGNS N @ difference

recording and playback apparatus.

5 e_Accordingﬂtofthe:present invention -
there is provided a magnetic reeording and
playback apparatus including:

(a) a playback amplifier which detects o
a Signalffecorded on a magnetic tepe;.

10 _ (b) a first switched capacitor whose
input terminal is connected to an output terminal
of said playback amplifier;

| (c) a recording amplifier;_

(d) a second switehed capaeitor whose

15 output terminal is connected to an input terminal
of said recording.amplifier;

(e) an oscillator circuit which generates
control signals_to be applied to said first Luf
and secend capacitors; and

20 ’ ~ (£) circuit means for generating
an A.C. bias signal for the magnetic tape; | v
wherein e difference between a frequency of
the ceﬁtrol signals and that of the A;C. bias
signal is'set at zero or outside an audio-frequency

25 band.

f."



t he control ‘signals and'that of the A.C. bias signal is set at zero

out si de an audi o-frequency 25 band. - The present invention wll -:he
described in dgreater detail by way of exanples with reference to th }
-acconpanyi'ng draw ngs, wherein:- 5 Figure 1 is a circujt /

use
mrthsﬁﬁgnetrc recordi ng and. pl ayback appar at Figure 2 is a circuit
di agram of a 10 second enbodi ment of a sigral transmi-ssion circuit;

Figure 3 i.s a circuit diagramof,a thi d na
transm ssion circuit; Figure 4 &ge pge§gﬂ n9§95§§é§1oV1 1§% % Surth

- enbodi nrent of a signa SSLO i Fi.gu S hoUi t
diagram of a fifth HebE2BBES$hOBrELEEY! BetailFbPUly® ofS eRafib1eY

dragranrof a first preferred formof a srgnaE%;ransnission circuit f

with reference to the :accompanying drawings,

wherein:-

5 . Figure 1 is_a.circuit diagram of a
first preferred form ef a signailtransmission
circuit for use with magnetic recording and
playback apparatus;

.Eigure.2 is a circuit diagram of a

10 second embodiment of a signal transmission
circuit;

| Figure 3 is a circuit.diagram of a
third embodiment of a signal transmission circuit;
Figure 4 is a cirbuif diagram of a
15 fourth embodiment of.a.signal transﬁission

circuit;

)

ks



enbodi nent of a signal'tfansnission circuit; Figure 6 is_avcircuif di'agram
of an anplifier circuit which incorporates a sixth embodi ment of 5 o a
ansmission circuit; and Figure 7-4s a circuit diagram of the

princ{ pai” \conponents of a tape recorder i ncorporating a Seventh_enbodinen{
-of a _|§ﬁ | transmission circuit. Tigfirst enbodi ment of a ‘variable T
- i npedagéee 10 circuit as a signal transmssion circuit to which the \&

present invention FSIYFRI PediSwR| FiFFrit Glagrareobheay SAfH ref erence- to

 Fi 1. . i d Capaci Filt is j - ted between an
., th3{¢térnf%g$g§é$§¥%;§ge?h%?ﬁﬁgit%%aném+er ?éﬁﬁﬁgﬁﬁéhip?;?nfnaleorean

' I lifj he_ S | itches [err . capacitors Cl
cperal onal arpl | Saute S SETCERNIL SR LIPS pA fPPICI 0TS O
or "off" Stéifé?iﬁ GﬁiéﬁtfﬂcB¥FSP§tQ tQ“@if%?ﬁ%ﬁbJéiﬂénéﬁo

vol tage-control l ed 20 oscilTator (herelna reviated to "VCO') 2

and tshe outaugigﬁgnatraggﬁisgioﬁnciﬁagiﬁpraﬁarespgctively. A vari abl e
voltage [err] is provided to control the output signal [err] of the VCO 2

to a desired frequBigyreAZsiisi agciweuibadiddeams\of cthd @rindipdin the 25
"of f" state in accordance with the output signal O, -
: components of a tape recorder incorporating a seventh
embodiment of a signal transmission circuit. -
The first embodiment of a variable impedance
10 circuit as a 'signal transmission circuit to which
the present invention is applied will-first be
described with reference to Figure 1.
An SCF (Switched Capacitor Filter) is incor-
porated between an input terminal T1 and the non-
15 inverting input terminal of an operational amplifier
l. The SCF comprises switches-S1 and S2 and capacitors
Ci and Cz. The change-over of the switches S1 and
S, into their "on" states or "off" states is effected B
by the output signal # of a voltage-contrdlled ;Jf_
20 oscillator (hereinafter, abbreviated to "vCO") 2
‘and the output signal @' of an inverter 3 respectively..
A variable voltagé.Vé is. provided to control the
output signal f of the VCO 2 to a desired frequency.

Assuming now that the switch S2 be in the

25 "off" state in accordance with the output signal ¢,



il
~

_the_smﬁtCh [err] is in the "on" state in accordance with the phase-inverted
output signal Q' which is provided fromthe inverter 3. An input signal VIN
is transmtted to the capacitor [err]'throu?Ekthe 5 switch [err] \

charge the capacitor Cl.,In contrast, when t out put 'signal [err] Rélhts
pha§q'inverted,.the switch [err] is changed-Gver into the "on" stat g
Sinuhﬂéneouqu therewith, the output signal [err] of the inverter 3-has its
phase 10 inverted totheiﬂgithb.Sﬁﬂiskiﬁethé Ton'd stecte diff "acstagidanden thi s
state, the charging current which has been flowing to the capacitor [err]
through the switch Swithctheophasghinverted cutpet signale Lapddidtodscl is
supplied to the capacitor [err] through the switch 15 [err] ., Thus, the
charge is noved frohPFﬁEldeépéﬁ?@oﬁh%ﬂ}$Yﬁ€¢?ﬁe3cap%ki%QRHQSSlgqéé dmesul t,

a voltage which is determ ned, by the charged potential of the.capacitor
[err] becones the inbﬁttGBP?%bE¥% tRet %e?%?gﬁhﬁ?réﬁbli?qﬁﬁuQPéﬁhf

The ci it ti d .bed_ab ' ' he ¢ wh th
corrent 110w o5t he SHBEER: Bu- 501 Serp) FE YAPETERS Srtpadance. wore
specifically, at a time t =i I, VPSLE, Cwhhthe I6RCLEE SindETg QthHOf the

out put signals [err] and _
its phase inverted, the switch 52 is changed-over

"into the "on" state. Simultaneously therewith,
v oL the output signal @' of the inverter 3-has its phase
10 inverted to bring the switch S; into the "off" state.
In this state, the charging current which has been
flowing to the capacitor c1 through the switch S1
'~ is cut off. The charge stored in the capacitor
':Cl-is supplied to the capacitor C2 through the switch
15 SZ' Thus, the charge is moved from the capacitor
C1 into the capacitor Cz. As a result, a voltage
which is determined by the charged potential of
'the capacitor C2 becomes the input voltage of the
\.; operational amplifier 1.
20 " The circuit operation described above is

:equivalent to the case where the current flow to

€

the capacitor C, is supplied throﬁgh'én impedance.
More specifically, at a time t = n T¢ where
*T denotes the period of ‘the output signals ¥ and

'25 ﬂ'-originating from the VCQfZ, and n denotes an

-



.

25 [err] originating fromthe [err] and n denotes an arbi trary nunber,
the charges stored in the capaC|tor [err] are expressed by [err] -assum ng
the s [err] to be "on" and the-switch S2 "off". Since, at this ting,
e of the 5 capacitor [err]/corresponds to the previous half _
e charges stored int he caé;0|tor C2 are expressed by [err] '
Subseq ntly, when the switch [err] has changed- over from" into "8?#
and t he smn@€h1§¢$¥5nﬂqﬂberof$he|¢ﬂ%ﬁ9%ﬁﬂ5tQ¢ﬁ§(ﬁﬁuﬁhﬁstored |n t he

capaci tor [err%ﬁis transferred to t. 5 capaC|tor cordingly, the

- charge st orS}PRAERE Enp%?t%’FP’f%ﬁ’?? RY L IlYm-;[[e‘Pr cf\'becorres t he fol |l ow ng |

equation, in_accorda m/of pon§er‘ﬂt|on of. cﬁgrge [err]

Thus, a t r aNEPEPLPn ?" s|w1._€(flb h%e cot? es?)’b dtrrheg s_lvgﬁc ycl e becones as
fol I ows :- éerf-Lffheresznge,r@tC@ﬁfé Aifle] WhE YSARU U NG the half

cycl e.

5 capac1tor 02 corresponds to the previous half cycle,
the. charges stored int he capaC1tor C2 are. expressed
by Cz.vin-[‘n - 3) T.l-
Subsequently, when the switch S1 has changed-
over from "on" into "off" and the switch s, from ' | A
10 "off" into "on", the'charge-stored'in the.capacitor
Cl is transferred to the capacitor Cz, Accordingly,
the charge stored in the capacitor C2_at a time
= (n + 3) T, becomes the following equation, in

accordance with the law of conservation of charge:-

15 €5 Your {(n + ) Tl = Cy Voyp [{n - 3) 7] - C v, (nT)

ceeea(l)

Thus, a transfer function H,;(Z) in the \4/
2

corresponding half cycle becomes as follows :-

B

H1(Z) 71 Z

21-z1

-

where 2~ 2 indicates a delay corresponding to the

half cycle.

e’



In the next 'half cycle froh1fhe'tine [érr}?fo atimet =(n+ 1) Tnerely a
del ay corresponding to the half cycle arises while the output voltage VOUT

is held.” Therefore, 5 the transfer function [err] of the whole cycl-
becones as foll ows [err] Assuming that affrequency f corresp '@@X
to the.period Tc of the output signals 0 and O 10 fromthe VCO VEry

h|gh5%2 = e [err] holds. Accordingly, Equaflon (3) becones as fo
[err] This signifies that tha thei aeanchaRf otyche. ffom thersime function
H(s) =1/(s CR) of a CRintegrator circuit is equi valently fornmed by the
val ue Tc/C of the switt ehéd ¢agaclioko ZhtimeoteT {netvhliBhie |npedance
circuit in the peresent enbodi nent has the frequency fc 20 _and Perlo T
of the out put S|gnalmsrééﬁtPoﬂ?ééYbQOQHFEEPPﬁanhE°vBP?a@%lfe%%ﬁ Dfag s

contr ol volta e [err | n consequenc err] equiv t-
g [wh1 e the output vo?fag LUTqu ﬁef& Therefore,

5 - the transfer function Hl(Z) of the whole cycle becomes

as follows :

. Hl(Z) = - e ieeea(3)

C2 1l f_Z-l _

Assuming that a frequency fc correspohding
to the period Tc of the output signals # and §'
10 from the VCO 2 be very high, 2 = S Te=1+s Te
| holds. - Accordihglf, Equation (3) becomes as
follows :
H, (2) =, ‘o | e (4)

-] C1 Tc

This signifies that the resistance R of the-
15 transfer function H(s) = 1/(s C R) of a CR integrator
circuit is equivalently formed by the value Tc/c1
. of the switched capacitdr. |
Therefore, the variable impedance circuit
(l' | in thelpereSent embodiment'has the frequency fc
o 20 and period $c 9f the output sigpa} g controlled

by adjusting the voltage level of the control



resistance T /C of the signal transm ssion circuit extending fromthe input
term.nal [err] to the non- inverting input term nal of the operational
ang{?jL@ 5 1 is controlled. Accordingly, the quivalent resistance [err]
itor [err] of the smﬁtcheggfapacitor determi ne a frequency’ :
~charadtgristic, which can be contr ed by the frequency [efr]. and perioOg

T h tput 10, signal er from /! Sem conduct or sw t.chisig
efenentses3gﬁ?§§g%CgEETgEEa%oégéé%???gédang ?ié%é%&%% ing means S and [err]
and the VOOr2s€gRahee! #D)aCCHs ha SiGHA] CBlandRiUifld ciqapld ator. 15

r

Next, an exanple of theCapplication.o e vari abl e 1 npe e circuit

- expl ai ned agxt8RALh§SErERDEAE NBApuY tirROMa Perdeesrémechari h reference to

t he- second enbodi nent shown in Figure 2. A S|g%al el produced froma signa

source 20 ihSeptppgi eAphe BErmipalfofrtid eperatisnel agplecfisr 12. The

| evel detector 12 as shown is a rectifying circuit. =~ The frequency [err]

- of the Sout plitisi goatr6liedbe provided fromthe VCO 2 is varied in ~
correspondence - ' '

Accordingly, the quivalent'resistance T.c/cI
and capacitor C2 of the switched capacitor determine
a frequency characteristic, which can be controlled

by the frequency f_ and period T, of the output

N

10 signals § and ¢"f:om_the vco 2. ' \‘f

Semiconductor switching elements su;h as
MOSFETs can be utilized as the_switching means S1
and S,, and the VCO 2 can be replaced with a gurrent-
controlled oscillaﬁor. _
15 Next) an example of the application of the
variable impedance circuit e#plained as the first
embodiment will now be described with reference

to the second embodiment shown in Figure 2.

A signal e, produced from a signal source iJ/

20 is supplied to an amplifier 11 and a level detector
12. The level detector 12 as shown is a rectifying

circuit.



with the:control voltage V derived fromthe |level c detector 12. The
swi.tches [err]. are alternately 5 changed-over into their "on" and "of f"
states by the *output signals 0 and 0'. In relation to a signal e’ RN
anplified by the anplifier 11, the switches Qjerr] operate in simlar.
manner to those.in the case of the first enbddinent. 10 The chafged
vol tage | evel of the capacitor [err] becones an input signal to an

amplifier 13, and an out pulpnsl gRalqukfey] £ Sofr exedadtptemsaghginmgned T2. In
t he second enbodi nent desch%tg aggveL&thE-?esistancebof thg trg%snission '

path of the signal ¥ pdcifilded Eromheéhewycds2 tibevgaiedahd toenespoydence

characteristic thereof is/are varied by the voltage | evel of the signal

[err] not by the fragunahd kentriol TodtggenVof derévedafisomsthenleueh can

al so be varied by the voltage level and the frequency in such a way that 20

a filter circuit 14 ddtectdmis .chIhecssitchiess Sis ands8,t a¥ei AlEAENEEALY of

| oop as shown' in the third enbodi nent in Figure 3. This s well sgited to,
Yy

for exanpl e, 'the noigw@naafnavesn inker &hedr jopap@ndecffder states

. o the output signals § and g'. In relation to a

signal e' amplified by the amplifier 11, the switches
Sl' 52 and the capacitors Cl’ Cz'operate in similar
L o manner to those in the case of the first embodiment.
:? 10 The charged voltage level of the capacitdr Cé bécomes.
an input signal to an amplifier 13, and én output

signal Vou is provided from a terminal T,

t
In the second embodiment described above,

the resiétance of the transmission path of.tﬁe signal

15 el; in other wo;ds,.the gain and frequenéy characteristiq'
thereof is/are varied by.the voltage level of the
signai.el, not by the frequency thereof. The gain
of the transmission path can also be varied by the

\») voltage IeVel and the frequency iﬁ éuéh a way that

20 a filter circuit 14 of various characteristics is

inserted in the control loop as shown in the third

L)

embgdiment in Figure 3. This is well suited to,
for example, the noise feduction'system-bf a tape

recorder.



Next, the fourth enbodinent will be described with reference t-0 Figure 4.
The SmAtCheS [err] shown in Figures 1,- 2 and 3 can be equi val ent |y
expressed by switching 5 means [err] -as illustrated i'n Figure 4.
That . fsy\ the operations of the SMAQBPES [err] can be so interpreted that

t he swijgehing neans [err] is chang over to the si des of ctontacts a Qig.b
by theNdignals 0 and 0' as indicated in each of the foregoing 10 i
enbodi ments. 1n thigy€aStne B aubIdintedt i1l He' hescribeamed.

However, when the smntchlng means [err] is held connected to the contact a
as | | |UStI’ab:E1£hlfbféh§eﬁ¢@uE& Fjg‘uzfé h|er words, - when 15 the switch [err]
-is "on" and the swtch [err] "of f" in Flgures 1 to 3, the inpedance

bet ween t he contaCTheaswimbHB$xﬁ¥nand|Sg|shdmn xnufﬁguzeeodbact ais earthed
through the capacitor ClL. Accordingly, the input signal VINis not
transnitted tand hd can be ceqricvalantler gxprassad Aypiswiitehizg. Wien the
switching neans [err] is held connected to the contact, b, the switch [err]
is "otf" arffeam® Syj 12% jrivgtyateddin Bapitedee, Thad ifgut signal is not

transmttedtltlé) épheGr |I!1éloe 3}11 al Sotchrest fgl' Csascan be 56

interpreted that the switching means S11 isachanged-

"

over to the sides of contacts a and b by the signals

g and @' as indicated in each of the foregoing | : _i‘j
10 embodiments. - | '
In this case, a low-pass filter of

=9 ng is formed. However, when the switching
C .
1

means S, is held connected to the contae# a as
illustrated in the figure, in ether words, when
15  the swiﬁch SI is "on" and the switch Sz_ie "off"
in Figures i to 3, the impedance beﬁween the-contacts
g and b becomes_infinity, and the contact a is
earthed throﬁgh.the eepacitor Ci. Aceordingly, ;42

the'input signallv is not'transmitted to the

a1

20 capac1tor 02 and an ampllfler 31.

| When the switching means S11 1s held connected
1 is "off“ and the
switch 82 ie "on“,'and henee, the input siénal is

to the contact b, the switch S

not transmitted to the amplifier 31 also in this case.



These circuits .can-be utilized as, for exanple, the NR (noise reductijon)
on- of f sw t ches of noise reductlon systens. |In this case, any Qﬂ\Off
switch need nét be separately provided, but nerely 5 - the cI0q£1gay be
stopped, so that the circuit arrangenment is f nplified. Since, _
syst§~f a voltage'stored in the capacitor [efr % |nned|ately_before t he

cl ock™ s stopped remains i medi ately after the same, the 10 I nput si gnal
of the anplitfier 31 Tieese noirediotgecatidsenitil ibed fasf,t [foaniexdimpdet, will now
be described with reference to Figure S. An input terninal Tis suppl i ed
with a control 3 15 the §Rnétoilsaeviosinakion ) an-wfifs switichisise of Aoise wel |
known, the duty ratio of the control signal O signifies the ratio between
the period of the hixeduetion "$YStRms ¢ hatn dthishcasay |anveNR' Pon-gf £ the
control signal 0. A npnostable circuit is provided faor ratin

the control signal OS$itemenged ingy eb%ILﬁﬁp‘?’Eﬂ*r%}Y AR 'tﬁﬂ e%

not shown in Fjgure 5. S ca e also e sw tc err.] &%
alternately changed- rn]r‘?fgsb F‘PP%?{%' 29 ft'h r}"t sct%e c’ﬁmﬁever even

when t he frequency of

r}£§bement is Smellfled.
" Since, in this system, a voltage stored in

the capacitor C2 immediately before the clock is

Lo ' ' stopped remains immediately after the same, the
- ' ‘ _ _
10 input signal of the amplifier 31 does not change
suddenly.

 The fifth embodiment will now be'described
with reference to Figure 5.
An input terminal T3 is supplied with a control
15 signal ﬁ'whoSe duty ratio is variable. As is well
known, the duty ratio of the control signal § ﬁignifies_'
the ratio between the period of the high level "H"
and that of the low level "L" of the control.signal
\v/ p. A monostable circuit is provided for generating
20 the control signal @ of the variable duty ratio,
although this circuit is not shown in Figure 5.
i " In this case also, the sw1tches S1 and 52 are
alternately changedéover into their "on" and "off"
' states. However, even when the'frequéncy'of the

25  signal §# is constant, the charging time of the -



25 signal 0 is cdnstant,-the charging time of the capacitor'[err] can
e long and the discharging tinme thereof short by varying the dugy.
' f?h the signal 0. Alternatively, it -is possible to make the charging
A t and the discharging 5 ipe long. Accordingly, in the'case -
swi tched capacitor is used as a variabl e inpedance, the frequengzd
the duty ratio of the clock pulses may be controlled. The sixth ==
~ enbodi nent FABBFALPHL Ed FARaReaRpfefieagiand thecdischargingw be dle_sfc_ru be_g-l
~with reference to Fiqure 6. The anplified circuit conprises an anplifier
which is coﬁ%PFugPEEgPﬁaFﬁ8rFogﬁ1ggrﬁﬁnngPﬁtéﬂﬁﬁlr%ggbi?fe{, a?d 3
swi tched ca i W ger £ . Lch_has swiiches [err]an
capacitors g%r%géﬁéi[gFr]AEEE%ﬂ%gﬁv?g FrgtrtslPO%% %> has either or

both of t hepawbe! eheschakglafargnd ousEei Dh8 LRE &isAdrqffgpt es by control
7 %

signals 0 and 0'. A-cont signal generator circul “generating 20
the costrol tshxan&bﬁgLerabcafdiﬁgQgpt iR tRET Eaké vﬁi’i@ré’.ré)\/év@[eg:]?éé hough these
circuits are not shown in Figure 6. Wen the output signal of the control

' capacitor is used as a variable impedance, the frequency

or/and the duty ratio of the clock pulses may be

=}

controlled.
The sixth embodiment incorporated in an amplified Py
10 circuit willfnow be described'ﬁith reference to
Figure 6. |
| The amplified circuit comprises an amplifier
41 which is constructed in the form of an opefational
amplifier, and a switched capacitor filter (SCF)
15 42 which has-switch_es_s1 and S, and capacitors ¢4
. and C2 as showh_in Figure 1; The SCF 42 has either
or both of the switches S, and S, changed-over into
their "off" states by control signals # and g°'.
A control signal generator circuit for generating ;J/
20 the control_sigpals g and #', and a control circuit
are provided although these circuits are not. shown
in Figure 6. When. the output signal of the control 5
circuit has become a predetermined levei,,one of
the control signals § and Q'_tg_be_delivered from
25  the control signal generator circuit is held at

its high level, and the other is held at its low



circuit has ‘becone.a predeterm ned | evel, one of the control

_ _ _ Fgnal s [err]
to be delivered from 25 the control signal generator circy

& held at

its high level, and the other is held at its |ow | evel , eby the
signal transmtting function of the sw tched citor fil /i’ s
inhiQited. In this case, the SCF 42 is eIect‘i I 1y di scon " bet ween
the -ouwtput termnal and inverting input 5 termnal of the anplifier 41.

Accordingly,” the anplé¥elatwherébyt the ofighel atmandnitting dbtngtiared by the
rati o between feedback resistances R and Rf , and it exhibits a
substantially flat foéqtbacswithahedteapacitor 1filter 42 isgpintvihited. in
the case where the SCF 42 operates nornal | the circujt between term.nals
[err] becomes an anpﬁnftbiscFﬁéﬁitthﬁi%%Fhég 5 elgftrricatlnfisganpecte
dependent upon the frequency characteristic.o

this manner, as discPS§¥SantPﬁé?§FRFF Eﬁﬁ%ﬂ?%%ﬁ%ﬁdfii&%f%%ég R%F
Gont ol | ng-t heb oper SEFBRABH PhetRraPREbFHeF afby (heFietadlte e 1 oop of
th?-anplifier. amplification factor of the amplifier is determined
by the ratio between feedback resistances R, and
Rf; and it exhibits a substantially flat frequency
characteristic. _
10 - " In contrast, in the case where the SCF 42
‘operates normally,'the circuit between terminals
‘T, and T, becomes an amplifier circuit which has
"an amplification factor dependent upon the frequency
characteristic of the SCF 42.
1s ST .. In this manner, as disclosed in the sixth
embodiment, the closed loop amplification factor
'of the amplifier can be controlled at will'by'controlling'
the operation of the SCF incorporated in the feedback
.\uj o " loop of the amplifier..
20 : .~ The seventh embodiment whicﬁ is incorporated
within a tape recorder, will now be.described with
3 . reference-to Figure 7."
A recoraed'signal on a magnetic tape 62 is
detected by a playback head 63 and is amplified
j25'-'by'a playback“amplifier'54,_whereupon-the3amplified

signal is applied to the first input terminal IN



20 The seventh enbodi nent which is incorporated wthin a tape

recorder, will now be described with reference-to Figure 7. A recorded

signal on a magnetic tape 62 is detected by a playback head 63 and is

anpl i f 25 by a playback anplifLéf 54, whereupon the anplified signal

s appl to the first input termnal IN =~ of an SCF 52. "A.signal pqgh

ext eridifly between the first input terminal IN and first output term nal=euT

~of the &2 FurREE dhe- aP #9988 ALY IRKhending batweephitdg attenuates =
si gn components, of. 5 ~ high frequencies. = An output si.gnal fromthe first

out put terA¥EEt GAPHE termiqyd N and 59t PP %&%&aqthrough a

pl ayback p | fi si.qnal..fro e. g. m.crophone is transmtted
to the inp% e‘?aﬂj?%ﬁ %#F af% e%clg'fcgi]r? sa:%ﬁ ﬁfé%‘%%y aﬁ%ough a signal path
which exte f n qgﬁggk'aggg L5 15N nediid ond out put

term nal O%&l%ﬁ{%g' g%@?g [ sd s!'gnaﬁtl%da%%%lboédtdgnen thzﬁgecond_ I nput
termngl | NjaNd Aeqaank s Putad il §3dha10feddie tHeF g drunctions as a
recording equalizer 1.5 for conpensating t'he high frequency |osses of the

magneti c t aRfefire HErhbeds GUT WF ¢k JYF ®8 HE supplied to

a speaker through a playback power amplifier.

»)

~ A signal from, e.g., a microphone is transmitted
to the input terminal of a recording émplifier 55 )
10 through a signal path which extends between the
second input terminal IN' and second.output-terminal
OUT' of the SCF 52. This signal path between the
second input terminél IN' and second output terminal
OUT' of the SCF 52 functions as a récording equalizer
15 for_compensating-the high frequency losses of the
magnetic tape 62,and¢heéds 61 and 63. An output
. signal from the recording amplifier 55 is transmitted
to the recording. head 61 through a resonance circuit
which comprises a coil-Ll_and a capacitor Cio- :df

20 A crystal oscillator 51 and an inverter 53

)

are_circuits which are provided for generating control
signals # and ¢f of opposite phases .for application %
to switching_mgans,included within the SCF 52.

When a reéording/playback change-over signal

25 R/P is at the high level, the signal path between



signal fromthe recording anplifier 55 is transnmtted to the recordipg<head
61 through a resonance circuit which conprises a coil [err] and a ]
[err] 20 -~ A crystal oscillator 51 and an inverter 53 are ci
whi ch are provided for generating control sigpals [err] of opposite ases.
forgpplication to sw tching neans included hin the SCF 52. Wen a .
recordi-ng/ pl ayback change-over signal 25 RIPis at the high level, the
signal path between the tfigrdt rsiput Ptdrmiidl NN drid FiG-dt loutpat! Rérminal
termnal OUT of - the SCF 527 s cut off, while when the recording/ playback
change-over signal .ROWTicf athé SCH B2 | Ev atyt tdif Sivdridle paicn tdie/recoriddng/
second input termnal 5 IN and second out put termnal OUT' of the SCF
52 is cut off. A trapbaghack changewovemssignal RARfIs mdr theadowsileviedrn| y
driven by the.control signal Jerr] of 100 KHz produced fromthe crystal
oscillator 10 51, vFReeHigRAl Path thekweenfthe Fecyy KmPuts tggPiingd to the
magneti c tape 62 in the recordig& node. Meanwhile, in the S 52 %ﬁg
control signal s20 antN 022 AL¢PE RUERR &Rl RPTOUPE L?Gﬁ stray

c%paC|tances of the fg\ﬂé&@lggf.ﬁeans S

A transistor Q1 and a boosting transformer

LS

T, are similarly driven by the control signal §
y of 100 KHz.produéed from‘the“crYStal oscillator -
10 51, whereby an A.C. bias signal of 100 KHz is applied
to the magnetic tape 62 in the recording mode.
Meanwhile, in the SCF 52, the control signals
g and g' leak to the outputs OUT and OUT' through
"the Stray'capacifances of the switching means
15 - constituting the SCF. If the difference frequency
between the frequency of the control signals §,
@' and that of the A.C. bias signal exists within
the audio-frequency band, it will form a "beat
. . offensive to ‘the earﬁ to hamper the playback
20 operation of the tape recorder.

Since, however, both the frequency of the

2

control signals #, ﬁ"andfthét of the A.C. bias
' signal are 100 KHz in:the'present“émbodiment, the
difference frequency becomes zero, and the hampering

25 can be avoided. 1In a modiﬁied embodiment, the frequency



15 -~ constituting the SCF. |If the difference frequency between the

frequency of the control signals 0, 0' rand that of the A C. bias si gnal

. exi sgsowi thin the audi o-frequency band, it- will forma "beat offensive to
thef"q)a" to hanmper the playback 20 Clgﬁeration of the tape recorder. 'Since;

. , both the frequency of the trol signals [err] and that of thg}-
“A.C. bias signal are 100 KHz in the present enbodinment, the difference =

frequency bebrthe gontrahdignalmafed ' ngode eppliedatoi ¢be. In a

nodi fi ed enbodi nent, the frequency of the control signals [err] to be

s
applied to tHF S 5 sat ak mx K00 iz s @esifdye ipgegatdger), the
- f f the A . C. bi [ i t at . 100 KHz (n: positive
nteger) arthe HFSAYREL ARG She -Gy M&*\%ﬁ‘éla&éorsﬁitnélté Elet at (m- )
100 KHz ' | O-f A I t . i.bl e beat
Kntort o onodh dkfod Kd WO Ad SISO AL DB e 84 28 e

conpri §i ng tﬁ‘*‘ecﬁ%ﬂcy}- ié%éﬁ‘ﬁq@?@;i% e_a%lén{ s ql_)bixasiobr %gfd rcuit 10

- resonant to 100" KHz,” and 1t bi as signal of the booster T1
from bei ng tawsidd etk taudite-fHEqidng Y, Smerdbyd thePhulighed5.

beat interference can be prevented from arising.

. The resonance circuit comprising the coil
L1 and the'cagécitor C12 is.a bias trap circuit i,j
10 resonant to 100 KHz, and it inhibits the A.C. bias
signal of the booster T; from being transmitted
to the output of the recording amplifier 55.
.In addition, the transistor Q1 can be controlled
into a non-conductive state in the playback mode
15 by turning "on" a switch SW which is arranged across
the base ahd emitter electrodes of the transistor.
Ql‘ In the playback mode, therefore, the generation
of the unnecessary A.C. bias signal can be prevented.
The signal transmission circuits disclosed LJ/
20 in the above embodiments are also applicable to
magnetic recording and_élayback apparatus such as
tape decks and. VTRs, and also tq general electronic 3

equipment. which employ, at least, a switched capacitor.



I n-addi tion, the transistor [err] can be controlled into a non- conduclee
state in the playback node 15 by turning I ch 18-
arranged across the base and enmitter el ectroxul"mmmt[wammtor
t he ;pl ayback node, therefore, the generation &f fheturthedessary A & as
S|gn§ﬁ can be prevented.. The signal transmission circuits disclosed 20 I n
t he ove enbodi nents are al so applicable tq gnetlc recordi ng and

pl ayback apparatus such as tape decks and VIRs., and also to general °

el ectronic eqU|pnentCquMgh enpl oy, at |east, a sWi tched capacitor.
CLAIMS: 1. magnetic recording and playback appar at us i ncl udi ng:

(a) a playback anpllﬁler whi ch adaRlet i red@ﬁaiygﬂaﬂgugqéyygéyla.nagnetlc'

tape; (b) a first switched capacitor whose input term nal i's connected to
an out put term nal ofappairdtpisaymdloddng: fier; (c) a recording anplifier;

10 : (d) a second swi tched capacitor whose output termnal is
connected to an input terminal (af) ampiayhankﬁaqpkmﬁﬂeﬁ|wh1ch detects
5 a 51gna1 recorded on a magnetlc tape;
(b) a first switched capacitor whose
i H | _ input terminal is connected to an output terminal
of §aid_p1ayback amplifier;
(c) a :ecording amplifier;
10 _ (d) a second switched capacitor whose
:output terminai is connected to an input terminal
of said recording amplifier;
(e). an oscillator circuit which generates
control'signals to be applied to said first and
15 second switched capacitors; and
(f) circuit means for generating an
A.C. bias signal for the magnetic tape; wherein
v L a difference frequency between a frequency of
ﬁhe control signals and that of A.C. bias signal
5 20 is set at zero or outside an audio-frequency

_band.

Aty

2. Apparatus according to claim 1, wherein
each switched capacitor includes a capacitor

and switching means.

. .(._;-



i

(e) an oscillator circuit which generates control signals to be applied to
sai d sty and 15 second ‘switched capacitors; Circuit means for

'generqs’*o an A.C. bias signal for the magnetic tape: '“na’diffefence
frequbet ween a frequency of the control i m “‘m‘a of A.C. bias
signal 20 - is set at zero or outside an audi cy band. o

Appar atus according to-claiml, mhe(egn each switched capacitor include?g%
capaci tor and sw tchi ng neans. 3.
wherein the control signals which are supplied to the first and second

Appar atus according to claim i,

swi tched capaditors areAppabatuphaseording zo claim lapparatus according to

any one of the preceding clains )
an A C. bias ¥hgraincEhei featrol sigpats: wRighnass: SHE

are driven by one of _.the control signals, 10 s . A magnetic -
recor di ng andtﬂlEyﬁagkrﬁbpﬁ?étﬁ§c88ﬁsFW&EFégdaﬁgpgf%gﬁﬁgd to operate

‘are in antiphase.

former, which

5 4. . Apparatus according to any one of"
the preceding claims, wherein said circuit
means for generating an A.C. bias signal combines
a transistor and bbosting transformer, which
are driven by one of the control signals.

10 5. A magnetic recording and playback
apparatus constructed and arranged to-opefate
substantially as herein described with reference
to and as illustrated in Fig. 7 of the accompanying
drawings.

15 6. Apparatus according to claim 5,
incorporating a switched capacitor circuit

as disclosed in any one of Figs 1 to 6 of

wherein said circuit ang for generating
i PLASAsS or mer . whi ch-

®d)

the accompanying drawings. kJ/

14
i
[
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substanftr ally as her ein descrr bed with ref er ence,LQ_and—as—H—l—trsi—r‘ate

Fig. 7 of the acconpanying draw ngs. 15

claimb5, incorporating a swtched capaci tor Ci rcd““‘ﬁﬁ m&“ﬂEEQWn
of Figs 1'to 6 of the acconpanying draw ngsl

transm ssion circuit constructed and arranged\to operate substantially as

her eFt described with reference to any one of the figures of the
acconpanylng dr awi nds. A signal transmission c1rcu1t constructed

and arranged to operate substantlally as herein
described w1th reference to_any one of the figures

of _the' accompanying drawings.




