-1- 2036493 " Acoustic nonolithic power
Genﬁ"tf@ﬁduct‘_or Integrated circuit-and acoustic systemusing the sane". Th
present, i nvention relates to. an acoustic monolithic power seniconductor:
integrated circuit and an acoustic systemusing the same. An acoustic
systemto be carried on a vehicle

5. such as an autonobil e ngy re
front speakers and rear speakers. THe® sound vol unes of the frogﬂlmg—j
speakers can be so changed that the acoustic reproduction can be produced

in a nunber of diffétuustaes m&}riﬂdm'lgg%tmumdusgnker s, mainly by
the rear speakers, or by 10 bot ront and rear speakers in equal
vol urmes when sGadiahenidl S did 'adusere %Q%ﬂ'@ﬁiﬁg ghe kagun, et hod,

the front an ave

their levels adjust at_their, i I des igh are } ndependent
of one 15 anot he?&%@c‘iﬁ%ﬁ%@ %@ﬁrréﬂ%ﬁ%g&gt%ﬁn#{ﬁggﬁgm and rear
speakers are connected with the output of one output anplifier through a
plurality of N@PB-IJ-%%QQW igmigandug ey integrated nairenty and be
driven. The.sound volunmes of the front and rear speakers can be varied by
adj usting 20 an adomsitdid adystanm tusing otlse Sémel atter system has an _
advant age that the nunber of the output anplifiers can be mnimzed. The

abovenentioned vari g} eI HFSeai Cpo ey grriéd! shi ¥evyheypansi ve
because they are requi red to adm't - 2- _

5 - such as an automobile may comprise front speakers and

f

rear spéakers. The sound volumes of the front and rear
speakers can be so changed thaﬁ.the acoustic reproduction
can be produced in a number of different ways e.g.,_maiﬁly
bj the fromt speakeré, mainly by the rear speakers, or by
10 both front and rear speakers in equal volumes when
quadrbphonic-éound is required. According to one known
method, the front and rear speakers are driven by o
output amplifiérs which have their levels adjusted at
their input sides and which aré_made independént of omne
15  another, According to another known system, the front and
rear speakers are comnected with the butput of bne_output
amplifier through a plurality of LéVel'adjuSting variable
attenuators so_that they may be driven; The sound volumes
of the front and rear speakeré can be varied by adjusting
20 the variable attenuators. The latter system has an advantage.
| that the number of the output amplifiers can be minimized.
The abovementioned variable attenuators are,.however,'

relatively expensive because they are"required"to admi’t




Té£>t|V6|y high currents. In this case, noreover, a BTL (Balanced

nsformer Less) anplifier is used as the output anplifier to-increase “tha e
OUtput power for an identical supply voltage, the .variable attenuators ,have

to be connected 5 with one pair of output termnals, respectively, with a

vi ew't o adjusting the sound volunes of fhe front and rear speakers. For the

st er eophoni ¢ and quadr ophoni ¢ acoustiT Teproduction, it i's necessary that = ..

0 SS9 O OULPUL ISR QUG HECd A0 nre cacel bR B

obj ect of . th ntio 0 provide an” acoustiC ool thic power
sem conduct bBa lanegdaffednsifrouier, éssh zmpl bfiesedsf wsedulas plre pugmstes,

and 2" SC0UShbS1 PYSHCTMIA ds SPROuL B ORCKTRUR SHSUERIer T od (o

above. to t resen ention there’is prOV|ded an
acousti c nmodvPPLii ¥opbwae ,setrﬂ%m%leuant’égnaaéaréu nayiet tondlaudianneqtgda

first digfepephi sheapmliird i dur,r;samtté%lﬁspystbes?b%alveqrypl iRt O ew
havi ng non-i nvert.i 'y connécted to first

and 20 invertin uts _direc
and second Fﬂpﬁ?‘?égﬁﬂﬁhﬁ?Qﬁsgﬁﬂ% Y%}%@gﬁt%ﬁ Ehecirent, @gedisarel y: (b) a
first anpligpeakensput Foir whid S EgpRomDO- aﬁueqhaagolprmmmcSWumw th
t he out put nal said_ first different UIt within said

oo aboy BePRpuulr R in 54 8o saE Y o ChaL sEk s 9 1o G4t [ bodback

terninal of ampliifirtregh&t ecsed ycuit for determ ning the gain and output

D ot £ Fhuhg S B A Ve R PUL LU bt T AL

30 said |ntbgrareulder@@|ﬁcoust1c monolithic power semlconductor
integrated circuit, which can be used for multiple purposes,
and an acoustic system which is cheaper than the known
systems referred to above. ' |

15 ' According to the present inventioﬂ there is provided

an acoustic monolithic power semiconductor integrated
circuit including: '

(a) a first diﬂferential amplifier circuit for
acoustic signal amplification having'nonQinverting and

20 inverting inputs directly connected to first and ‘second
input terminals of said integrated circuit, respectively:

(b) a first amplifier output circuit having a
non-inverting input supplied with the output signal of said
first differential amplifier circuit within said integrated -

25 circuit and an inverting input connected to a first
- feedback terminal of said integrated circuit for determining
the gain and outbut D.C. level of said first amplifier
output circuit, said flrst amplifier circuit having its
output terminal connected to a flrst output terminal of
30 said integrated circuit;

{({c) a second differential amplifier circuit for
acoustic signal ampllflcatlon having non-lnvertlng and .
1nvert1ng inputs directly connected to third and fourth
input terminals of said integrated circuit, respectively;

35 and '



+(c) a §econd dlfferentlal anplifier circuit for acoustic signal <:2T///
dﬁpllflcatlon havi ng non-inverting and inverting inputs directly connecte '
to third and fourth input termnals of said integrated circuit,
respectively; 35 and -3- (d) a second anplifier output circuit havi ng a
non-inverting input supplied with the output signal of said.second
differential anplifier circuit within sai< Bntegrated circuit and an
Fﬂvertlng i nput connected 5 = to a second feedback termnal of said

integrated circuit for d?hqrn1n| safﬂfs fl?fgrOHPPéht cE}ch§¥ehaQH %fig

second anplifier output ¢t cuit ond a cricur t "havin
out put term nad n@nnbnveatuosaxnnuﬁusunn¥n@dt@1hhnaheocugau@ Sneagdated

circuit. 10 4 sam sFIBﬁdp%%%rér{}Vfé‘#'Qxﬂpﬂi‘iepoéﬁpﬁﬂgs%rﬂth‘iﬁ'n

greater detail exanpl es Wi t erence to the acconpanying
dr awi ngs, mher%@hd 1FF§EFétfdsﬁ&ﬁ§QiQM%ﬁ§:%ﬁaﬁﬂ&ﬁf&#nénénﬂpéfépﬂﬁfqﬂﬂQn(ﬁ

an ﬁCOUStﬁg ”Dﬂ@|atQééoﬁaw@bdﬂﬁﬂdﬂﬂﬁéﬁﬁfﬁaﬂ5of sai&giﬁtegrﬁtéaubhrdﬁﬂﬂ”ﬁ
acoust ¢ monol FoR GebERBLALER Hinseior 274 COREOLE B FeuLEYeIndtn PR o gur ¢
1; 20 secoﬁdgampl3fﬂhw\muﬂ'.p1£ﬁ adreguit [ csaiddsagoad ampllii€iien er nal
C'rcu't dlagranlpéu Qe UStk%s output terminal connected to a
) ' second output terminal of said intégrated circuit.
10 The present invention will now be desdribed

in greater detail by way of examples with reference to

the accompanying drawings, wherein:-

Figure 1 shows a block diagram of one preferred
form of an acoustic monolithic power semiconductor

15 integrated circuit;

Figure 2 shows a four-amplifier and four-
speaker acoustic system hsing two of the acoustic
monolithic power semiconductor integrated circuits
shown in Figure 1; |

20 Figure 3 shows a detailed circuit diagram
of the internal circuit diagram of the acoustig
monolithic power semiconductor integrated circuit
shown in Figure 1;
Figure 4 shows a circuit diagram in which the
25 acoustic mondlithiq power'semiconductor integrated
circuits shown in Figure 1 are used for amplification
of stereophonic two-channel signals;-énd.

Figure 5 shows a circuit diagram in which

the acoustic monolithic semiconductor integrated
30 circuits shown in Figure 1 are used in a BTL amplifieh.
referring first to Figure 1, the following
circuits and external terminals are provided as the
monolithic power semiconductor integrated circuit
which corresponds to the portion enclosed by chain
35 dotted lines.



"O|IthIC power semi conductor integrated circuit shown in Flgure 1; Figure
ows. a circuit diagramin which the 25 acoustic nonolithie power L
Il conductor integrated circuits showmn in Figure 1 are used for .

anpllflcatlon of stereophonic two-channel signals; and. Figure 5 shows a

circuit diagramin which the acoustic nonolithic sem conductor integrated
30 circuits shown in Figure l1=ale=used in a BTL anplifier. referring

first to Figure 1, the following circuits and external terminals are i%/
provided as the npRgkbt Birg 9&%9&d&@“ﬁﬁ@“ﬁﬁﬁf&téﬂﬁfﬁ! TficHi t “h'Ch
corresponds to the portion enclosed by chain 35 dotted |ines.

There are | i mhlch have
their outdﬁ%gg%gﬁﬁ zgoag?eégegpﬁgg @% é%ﬁ) éﬁ##i;éﬁrégﬁk§ (+) of

anplifier output uits Ia and onstltutln t he power .
sen1conduc¥%$PPﬁF§§? Yel§oct uF‘Pn éﬁnﬂ% (+) and

I nverting inputs (-) of those differentlal anpllfler circuits 2a and 2b are
used as t hamphpfiferecoutpukscincpiks L€l @nd LhNonstitutivg -ghef the
nmonol i t hi c power sem conductor integrated circuit. 10 The

i nverg i ng poweEsSsémicohdubtorMnteiptated RifircuityiTie | o thvéreisg
connected with external termnals [err] and [err] for constituting a

feedback cjfohps- (+) end inverting inputs (=) of those differemtial

/

amplifier circuits 2a and 2b are used as the imput terminds
IN1(+), INl(-), IN2(+) and INZ(-) of.the.ﬁonolithic
power semiconductc: integrated circuit. |

10 | The invgrﬁiﬁg inputs (=) of the amplifier.output
circuits la and 1b are connected with external terminals
FBI and FB2 for constituting a feedb#ck circuit,
Moreover, the amplifier output circuits la and L§
have their outputs connected with the outputs OUT1

'15 and OUTZ, respeétively, thereby to provide supply terminals.
The amplifier output circuits la and 1b also receive a
supﬁly voltage V .and an_earﬁh potential.GNDl.

The differential amplifier circuits 2a and 2D,

which are located at the input portion of the monolithic

20 'power semiconductor integratedicircuit comprise, as shown
in Fig. 3,-dif£erential paire&.transiStors Qs Qs Q'l and
.Q'Z, 16ad fesisto:s'stahd R'3, and constan;:currént
gourse trénsistors Q5 and Q'S. A bias circuit is

composed of a tramsistor Q; and a resistor R,. The base-

40
25 emitter voltage of the transistor Qg having its collector



Mor eover, ‘'the anplifier output circuits la and | b have their outputs (@
gonnelted with.the outputs [err] 15 and QUT2, respectively, thereby to
provide supply terminals. The anplifier output circuits la and | b also
receive a supply voltage Vcc and an earth potential GNDlL. The differenti al
anplifier circuits 2a and 2b, which grﬁ located at the input portion of the
nmonol i thic 20 ‘power -sem conductor iftegrated circuit conprise, as shown
yo Fig. 3, differential paired transistors [err] and | oad resistors [err]
and [err], anderdnkasetietectradesodizectinsponscsedeis) appdipd o A bias
cirtcuit is conposed of a transistor [err] and a resistor [err]. The base-
25 - enmtter tinetbgseoéléderbdassost the| erahsiistors Qs and et @o - 5-
and base el ectrodes directly connected is applied to tHe base ectrodes of

Lfe trans! st oghat @dubstantfal 1! pledubotanbbahty ctirdat W Flow Ll ot

will flow through the transistors

el ectrodes of the diff nfial _pajred iransi,;sters QL and Q 1 are connected
as the non-inv%g%?ﬁéht§$§1%5f§s£§#°5F bBeaﬂpf 5éntial anplifier circuits ,
2a and 2b with the external termnals Pl-and P3 of the nonolithic power

seni conddct or i ntegraFe Base electzpdesi of fhediffegengiad paddedodes of
the other differential paired transistors @ and Q 2 are connected as the

inverting i nptramsistotrs Q;)and Qhe dréfcomnectledass! theenon~inwviertize and
2b-wi th the external terninﬁls [err? and [err] of the
' - terminals (+) of the differential amplifier circuits 2a and
2b with the external terminals P, and P, of the momolithic
power semicondﬁ;tor integrated circuit :espectiﬁely. -
10 The base.electrodes of the other differential paired
transistors Q, and Q‘2 are comnected as the inverting
input terminals (-) of the differential emplifier circuits
2 and P4 of the

monolithic power semiconductor integrated circuit,

2a and 2b with the external terminals P

15 respectively. _
‘The output signals of the differential amplifier
circuits 2a and 2b are produced at the connections
between the collector electrodes of the transistors Q, and
~Q'2 and the load resistors R, énd R'3; respectively.
20 _ A zener diode ZD,'a'resiStor R7 and a transistor Q7
- together comstitute a constant voltage regulator. As a
result, a subatantially constant ope;ating voltage is
produced at.thé emitter of the transistor Q7 independently

of a voltage V__ which is to be applied to the supply

of the monolithic power semiconductor

25 voltage terminal Pg

(2

V



tput signals of the differential anplifier CIrCUItS 2a and 2b ar.e .
oduced at the connections between the collector el ectrodes of the
transistors @ and Q 2 and the load resistors [err] and [err], _
“respectively. 20 A zener di gde ZD, a resistor R7 and a transistor
Q7 together constitute a constant voltage regulator. As a result, a g
substantlill stant gperating voltage is produced at the emtter of the™”
transi st of® E% 8ﬁeﬁ&§ gﬁ} *of a voltage Vcc which is to be applied to the
supply 25 volta e termnal [err] of the nmpnoljthic wer senj conduct or
-6- integrated cTheuemplifdesmoutpud Qiﬁ?ﬂht%li fb.%ﬂﬂPn¥s€onprise as
shown in Fig. 3, of nodified type differential anpllfler circuits, which
consi st ofst showhstiar Fijger 3, afmostirfiied typel differemtisabrapphbfieerr],
and first anplifier stages which conprise current n1rror transi stors QL2

‘12 QL3 éiécﬁkiﬁ %B&ch@%%ﬂsfsara%“s%éﬁsiétbfé §tQFs ‘981L|aﬁd Qéii]

of the first anplifier stage are supplied with th utpu Si s of

() of U neRe BRLorpTh, Re A Righ B %Qﬁbﬁa%ff%.rs%f%? #’P%hQFSE,Z

t hus constructed are supplied mnth a substantl 1y pnsta bhng _
vol t age f pomprhSeasYFTents BLITPR SRR Igge gLl 1gr ugi3*t he

‘ﬁannollthlc power sem conductor integrated circuit, 15 respectively. The
"'F

The base electrodes of the t:ansistors Q10 and Q'10
o the first ampiifie: stage are supplied with the output
signals of the differential amplifier circuits 2a and 2b
10 as the ﬁbnpinverting inputs (+) of the amplifier output
circuits la and 1b.

o The first smplifier stage thus constructed are
sﬁppliéd with a substantially constant.operatiﬁg voltage from
the above_:efér:ed to constant voltage regulator thrqugh the

15 resistors Rg and R, The resistor Rg has one of its ends .
connected through a terminal P13 with a supply voltage
-“ripple e1i¢inating.filser capacitor so that the differential
amplifier circuits 2a and 2b and the first amplifier stages
can be operated with.high stability.. '
20 The base electrodes of the transistors Q11 and Q.ll.
~of the first amplifier stages are supplied with.the~output
signals OUT1 and OUT2 of the output terminals P and P6
through D. C. and A.C. negative feedback circuits which ssw

'comprise resistors Rll’.R'll' RIO and_R\lo, constant current

25  transistors Q4 and Q'M and capacitors C, axd C cpnnected with

1 2



A

15 resistors [err] and [err]. The resistor R has one of its ends é;%;;a
cdknected through a termnal P13 with a supply voltage ripple elimnatin '
filter capacitor so that the differential anplifier circuits 2a and 2b an

the first anplifier stages can be operated with high stability. 20

Thel base el ectrodes of the transistors and Q of the first anplifier

stages -are supplied with the output skgdats OUT1 and [err] of the out put
tefminals [err] and [err] through D.C. and A C. negative feedback circuits

whi ch conpri se negasivesfgedbhcknéxiternhlc tetinrifalau P end P, [t rggsi stors
[err] and [err] and capacitors [err] and [err] conne& ed wi th -7-

negati ve feedbagk na epnpna n . resul tys de )

vol tage gains o fﬁéagﬁf)l [ %e{r&qgﬁt J‘p’ég' IE(%'Fr cgfﬁglsl é%a%gel %&hérlé' %‘reétereﬁﬂ%?éﬁ :
and the output D,C. -legvels of .the output terningls [err] and [err] are

mai nt ai ned at sﬁ%’s’?‘éﬁﬁ?aﬁ'ﬁyagd t]]'EhQFfF aﬁéeP’E&]@F%Gf EL'!‘?e %WM tBafe \laVEls
The constant current transistors [err] and [err] are biased by a bias

circuit which cefipkhecgutputsterninpdsr PcanndaPyr arei siadntiadmeld Hfheubstantiall
signals of the first anplifier stages to~ 10 bé generated at the resistors’

[err] and Jerr]half thel lével b% &Bﬁ%upi)l?'f vodtagel Vi gr stages which
conprise transistors [err] and [err] resisfors [err] &%d [err], phase

conpensation capacrtorfhéeééh?egﬂt[gﬁ&%egﬁé&%gﬁkiéﬁkgs[6&LLa%§F err] and

constant current |oad transistors [érr rs le

transistors [eré eagfaggérﬁy a bias circuit which comprises a resistor

R,5 and a transistor Qg
The output signals of the first amplifier stages to
10 be generated at the resistors Ry and R'9 are emplified
by means of drive amplifier stages which compfise transistors
Q15"Q'15’ Q¢ and Q'IB resistors R,, and R'lz, phase
compensation capacitors 0 and'C'lo, transistors Q,,
and Q'17 and constant current load transistors Qg and
' s '
15 Q';g+ The pairs of tramsistors Q50 Qe and-Q'ls, Q'16
are connected in Darlington configuration. The output
signals of the:driVe amplifier stages thus constructed
: ' ) ?
are fed both to the transistors on,_Q 20°? Q21 and Q 21
connected in Darlington configuration and to the
20 transistors Qg9 Q'22, Q3 and Q'23 conngcted in
complementary configuration of the output amplifier
sﬁages;
The emitter electrodes of the transistors Q,, and

Q'22 are connected with the idling current adjusting

25 circuts, which comprise diodes’D1 to D3 and D'1 to D'3 and



lifier stages thus constructed are fed both to the transistors [err] aftd «

Ear; connected in Darl i ngt on configuration. The output signals of the drijve

nnected in Darlington configuration and to the 20

[err] connected in conplenentary configuration of the output anplifier

stages. The emitter electrodes of the transistors and are connected
with the idling current adjusting 25%frcuits, which conprise diodes [err]

to [err] and [err] to [err] and _ 8- transistors [err] and [err] so that

t he Crossovetrans a)mranQ%-and_ degut sonthiati &hescapssaver distokkion A

bootsgrap capacitor [err]“I's conneCted between the output terminal [err]
and an ext ergfl therontpht Padplifiend stapee! et beapaducaderr] is

connect ed between the output ternminal P6 and an external termninal P15. The

~ power seni conduct OrAiH{'ﬁ%ﬂgﬁg Ehpﬁﬂitto@@.s cq_@skmeﬁ[b%d not

only as a sterophonic

enabl ed 10

nnef system Bdt “al so as a

2ea posi 11 heiaREPuRoPrPRLRaLl Fo, Al an BebRimal, ARy g e phase

anplifiir circuit, by supplying ghen1mhth a conmon input, and by connecti’ng
et weand t acheobatapocapacitorsC’,, is commgctedhewesn diwdi nent,
I n which the power sem conductor integrated circuit

a | oad

10

15

20

25

output terminal PG and an external terminal P15'

The power semiconductor integrated circuit thus

"constructed can be used not only as a sterophbnic two-

channel system but also as & BTL system which is enabled
to ha&e-a high output by using one of the amplifier
circuits as a positive phase amplifier circuit and the
other as a negative phase amplifier circuit, by
supplying them with a common input, and by commecting
a load between their both outputs.

Fig. 4 shows an embodiment, in which the power
semicénductor integr#ted circuit is used for amplifying
the stereophonic two-channél signals. The left and

right channel signals L and R of the stereophonie

- two-charmmel signals are applied through input coupling

capacitors Ci01 and C,, respectively, upon the

external terminals P; and P, which are the non-inverting
input terminals of the differential amplifier circuits

2a and 2b. Those external terminals P, and P, are_earthed.
through resistors le ad R102’ respectively, so that their

D.C. levels can be maintained at the earth potential. On

transistors [err] and

mwhich is

I's used for anplifying



the ste*eophonlc t wo- channel signals. The left and right channel signals L<!%f§
t he stereophoni c two-channel signals. are applied through input

coupllng 20 ~ capacitors [err] and [err] respectively, upon the external

termnals [err] and [err] which are the non-inverting input termnals of

the differential anplifier circuits 2a_a@d_2b. Those external term nals

[err] and [err] are earthed through resistors [err] and [err],

respectlvely, so. that, the 5 | evel,s .can-.be nal taln at t earth
(ocpecti vel Y, ek IBLuklchid® phR. CxekHRN° SOl S 2t s, AL
are the |nvert|n |nput termnal's of the differential | I|f|er CIrCUItS.Za
and 2b are direEReyinvAREEngdinputatemingdsoods ,thmdn&%emm alergmmid fler
[err] and [err] which are the 5 output termnals of the anplifier output
circuits | a andcibcaitsc@anante@bt areudirectyly commecitesl capaadtis CL03
and [err] with respective "~ 1 oud 'speakers [err] ‘and [err]. The | oudspeaker

[err] is suppl Inér&b%art henéeakte el e2MinalliseP SiHRIE %&f&léw%re the

| oudspeaker [err] is supp I ed mnth e right 10 éhannelea fier S|gnals

Ci Pourt 19 userThBaRc Lo epTs R %B%“%Piﬁ“i“?i& AU S 38 9

the i nput coupling capacitor %ﬁOl tg{the external, termnal P 15 actlng as
Foyg

the non-inverti %S pPORecErH; putpuy soupliing sepaclitarsiGy
and also to the exterhal termnal P4-acting as the inverting |nput tern1na|
of the . 0104 with respective loudspeakers RLl and RL2

loudspeaker RLl is supplied with the left channel amplifier
signals an@lthe loudspeaker RL2 is supplied with the right
10 channel emplifier signals.

Fig. 5 shows an embodiment, in which the power
semiconductor integrated circuit is used in the BTL sysﬁem;
Monaural signals vin are applied through-the input
coupling.cépacitor C101 to the external terminal Pl

15 acting as the non-inverting in@ut terminal of the
‘differential amplifier circuit 2a and also to the external
terminal Ph_acting as the inveftig input terminal of the
differential amplifier circuit 2b. As a result, the output
signals of both of the differential amplifier circuits 2a

20 and 2b are in dpposite phases to each'other. As a result,
the loudspeaker R; has its both ends_connected directly
with the output terminais of the amplifier oﬁtput ci:cuits
la and 1b, and is driven by the amplified nonéural signals.

" From the foregoing description, it will be understood |

25 that the power semiconductor integrated circuit cam be



ferential anplifier circuit 2b. As a result, the out put S|gnals ‘of RQoth
the differential anplifier.circuits 2a 20 and 2b are in opposite pha§@s*
o each other. As a result, the |oudspeaker RL has its both ends connected
sdirectly with the output ternlnals of the anplifier output circuits la and
*Ib, and is driven by the anplified naural signals. Fromthe foregoing
description, it will be understood “t'hat 't he power seni conduct or
integrated circuit can be - 10 - applied to the stereophonic.two- channeL/
- si gnal anplappbasdohosybeestamaophon&s BWo-channe Insignabyanp ki fid ation
‘nodi fication to the external circuit. As shown in Fig. 2, the sem conductor
integrated §pstedrahdf tor thadBTL syeiteflmeredy By @ tﬁmﬁw in
al/ f our -'speaker ‘acoustic system In this case thé fader "control can be

acconpl i shegh@f £i5e18RYk0 EﬁetgiEe Hﬁéglﬂﬂa uf acture can be reduced.

n
In this enbodl nment CIrCUIt a annel power integrated circuits

IC and IC are use eft 10 c front, | ou eaker LF is ¢ nnected
bet ween t he out put®fef ﬁﬂlgn[gFST %hé' qﬂ#i%iﬂﬁaiq i
circuigt 1C. A rlght chanpel fronthmu@m@daEam:REuus connected bet ween t ht

out puf ter reiesait camualsy hadused: Lnoe/feurrepsalian aseusticisysten) C .

A 15 | eft channel 'back | oudspeaker LB is connected between the out put

term nal ofInjethisofasés phﬂefadategbattdlcuanﬂﬁe|éﬁdﬁmbli§hédﬂﬁutthe
ternlnal [err] of the

input, so that the cost of manufacture can be reduced.

In this embodiment Circuit, a pair of.two-channel
power integrated circuits IC and IC' are used. A left |
10  channel front loudspeaker LF is_ccnnected between the
output terminals P5(OUT;) and B, (OUT,) of the power
jintegrated circuit IC. A right chanmel front loudspeaker
RF is connectéd-between the output-terminalS'P's(OUT'l)
and PfG(OUT'Z) of the power integraﬁed circuit IC'. A
15 1eft channel back loudepeaker LB is comnected between the
| output terminal of PS(OUTI) of the power integrated |
circuit IC and the output terminal P'5(OUT'1) of the
power integrated circuit IC'. Finally, a right channel
back loudspeaker RB is comnected betweenAthé output
20  terminal P, (OUT,) of the power integrated circuit IC aﬁd
' the output terminal P'é(OUT'z) of the power integrated
~circuit IC'. |
There are assoclated w1th the input terminals of the

_ control
_power integrated circuits IC and IC',_fader/clrcuits which

25




pgwgé ent egrat ed circuit 1C. Finally, a right channel back | oudspeaker @
IS cOnnected between the output 20 - termnal [err] of the power integra

circuit.IC and the output termnal [err] of the power integrated circuit
| C.. There are associated with the input termnals of the control power

integrated circuits ICand IC, fadew @Irauits which 25 - 11 - will now
be described in greater detail. The power integrated-circuit I1C has its
iNput termnal _kerrl. | ised N\ I égp Alz4sput signals L and its
ot her i nput teyg'ni?ia%m?;rg% Hggc\%tg%ﬁfnrerci} e{ao ear .dlA'rs) a result, the

anplifier circuits 2a_and | a are used as he,lpos,itive hase anplifier
output circuits. On tH8€PR¥ETHhARFeERAEsH T qq?ttegIertk&P G5 ARPYE  has
its input term'nalﬁ[erlr] s&&pplie_gmththedright %&jké:fhanri‘el iGr;EUt signal s
R and-its ot hetermpoalt I r sjppdded edrtledt ahdamm aresult,
the anplifier circuits gﬁ'b gﬁ'é"ll)' b are used as the opposite phase anplifier

hputs suppl| ed ThrougE Tager cort rol StenuatIe VR TR AR ATy
fol I owi nGg 1 NPULoRhAREEY +H18aFHHENIAL S MR, e Aefp Y £fed WoErd iy ¥h ch
2a and la are used as the positive phase amplifier .oﬁtput
eircuits. | |
On the other hand, the power integrated circuit IC'
has its input terminal PA'(INZ(_'_')) supplied with the right
10  chamnel input signals R and its other input terminal P,
2( +)) comnected to earth. As a result, the amplifier

(IN
circuits 2'b and 1'b are used as the opposite phase
amplifier output circuits.

Furthermore, the other amplifier circuits have

15 their inputs supplied through fader control attenuators -
VRl to VRa with the following input signals.

The attenuators VR, to VR, are of a type in which
part thereof is constituted by a conductor so that the
attenuation is zero for a ‘given angle of rotation. More

20  specificelly, the &tenuators VR, and VR, consist of a
| conductor eictending on one side to the fronts F from
the centre points M, whereas the attenuators VR2 and VR3

consist of a conductor extending on one side b the backs

B from the centre points M, the sliders of all four

25  attenuators being gauged to rotate together.



part Whereof is constituted by a conductor so that the attenuation i's Zgg o
) & Jgi ven angle of rotation. Mre 20 specifically, the attenuators LA
;éﬁﬁ and [err] consist of a conductor extending on one side to the frants
RefrOmthe centre points M whereas the attenuators VR2 and VR3 consi st of
a-conductor extending on one side +X2he backs B fromthe centre points M
the sliders of all four 25 -attenuators being gauged to rotate together. -
- 12 - The power i Nty HoweEi iktegratedacittai tNROt haer Hitealinpeits | o/
supplied with the I eft channel signhals L through the attenuator [err],

cent e poi nt SPHHE RN E( R oRpRPleATbEER REL PAEE RBRRSLPT Y )

t he right channel _signal.s 4hrough the attepuat VR3, whj ch hag its
attenuat i on isﬁr(&f’éés"egd fdroughy a?t_‘b%g‘i"?'?%ﬁs%]_erﬁvpﬁéi‘cgﬁﬁ ESoint Mto
the front F. As a result, the anplifier circuits 2b and Ib anplify 10

t he signal s RHtexnuationdnoxeasedt for voétahitonalepoaisionsr fromnd [err].
On the other hand, the power integrated circuit I1C, has its input terninab
P " (IN5 thePRerftkerigdint M rt@hthé bagk! Byi gnal $t8 Lhpotoliteriinal
attenuator VR4, which 1 has its attenuation increased for rotational

positions fr t cemyr | & \ t b , nBAdmLES ol ; t%%@

[err] suppli ggg/\nﬁ%(-ﬁ e ﬁq"eéﬁl %%%n%&s%%a%gyﬁr 8&5&“’% Pfe slgf%@ elér]ﬂ?at r %Bgitgrhj

whi ch has its attenuation i eaﬁgd foﬁ o
the attenuator VR, which has its attenuation increased

for rotational positions from the centre point M to the
front F. As a result, the emplifier circuits 2b and 1b amplify
10 = the signals R-L at the centre poim:s_M_ of the a;te_nuator

VR, and VR

1 3° o
On the othertland, the pbwer _integrated circuit IG,

has its input terminal Pl'-(IN )) supplied with the

1(+
right channel signals R through the attenuator VR,, which

15 has its atenuation increased Eor'rotatiqnal positibns from
the centre point M to the back B, and its iﬁput terminal
PZ'(INI(;)) supplied with the left channel signals through
e attenuator VRZ which has.its attenuation increased for
rotational positions from the centre point M to the fromt F.

20 _AS a result, the amplifier circﬁits 2'a and 1'a amplify
the signals R-L at the centre points of ﬁhe attenuators

, and VR4;

VR
‘The relationships between the rotational positions

F, M and B of the attenuators VRl_to VR4, the outputs of the

25 respective amplifiers, and the inputs to the loudspesakers



rcg & anal

r esul

centre points of the attenuators [err]
positions F, Mand B of the attenuators [err] to [err],
and-the inputs to the

-13-- of the acoustic systemthus constructed are tabul ated

t he ‘fotati ona
outputs of the 25
| qudspeakers

the anplifier circuits 2'a and |
and [err].

respective anpl i &il@ws,

bositions fromthe centre point Mto the front F. 20
a anplify the signals R L at the
The rel ati onshi ps between .

As a

Tabl e L o vegeheh@Vactadhic! sgutlyl tHhan e@sgnmta ave tabuyl S84 Of

Each Anmplifie
LF LB(Ia (1 a RB 2L L-RF
L . l E&gg& i 811"&‘1@610“' RL-RL -R 2L-R
oL- RSLR “R---- cee 2 2 M RLRL --- ---
2R-.L 2R L 2 2 3R L 3R L
| Table 1
Output Signals of Each Signals of Each
Amplifier ~ Speaker
VR - |
" ?
P, Pe [B's | P LF LB
¥
(la){ (1b)Y(1'a)] (1'b) RF RB
~ 2L LR
F L -L |R |-R '
2R R-L
L R-L| R-L | =R 2L-R 2L-R
(31.-3) 31.-3)
2 2
M |
| R-LY(R-L 2R-L 2R-L
2 I\ 2 .
3R-L 3R-L
2 2
L=-R 2L
B L R .|-L | =R
| R-L

2R

In Table 1, the reference letteré F, M and B

indicate the front, the centre point and the back of the

attenuators VRl to

VRAf

The signals which are given in

brackets in the last two columns in Table 1 indicate the

case whgre the sliders of the move over the resistive




, _ 2 L-R 2L B L - R -L -RRL 2R In Tableg 1

' ae reference letters F, Mand B indicate the front, the centre point and®® e
t M@ back of the attenuators [err] to [err]. The signals which are given in

. brackets in the last two colums in Table 1 indicate the case where the

‘sl iders of the nove over the resistiyqs. -14- sections of the attenuators

so that the attenuations are linearly varied in proportion to the angles of .
rotation of the attenuatoys VRL to VR4. Since the fader control of the L
four-anplifitechions of ERg, athenmators,s& i@%&@n%ﬂ@%ﬁ%hed at =
the input unit, such attenuators of small power and size which are not '
‘practical inlineanlyyvavied inwproportiomader thentanglemoHexotationecaf out
at the output of high current flow, can be used so that the cost of

manuf act ure ge atténtatgrsaVvRy ted¥®ed. |t shoul d be understood that the
above descri bed power sem condaoctor ifMegrated circdts are not limted to

he Toregor i snoocmolch eigesne R O hd TAKABTEERICE MRCT ¢
0 v 5 2 ket obgn-godlher el ALl e il dndg LS
input unit, such attenuators of small power and size
which are not practical in known systems in which the
féder cbnﬁrol has been car:ied out at the output of'high
current flow, can be used so thaﬁ the cést of manufacture
10 can be greatiy reduced.
It should be understood that the above described
power semiﬁonduptor integrated circﬁt# are not limited
to the foregoing embodiments but can be modified to include
cases in which a two channel type circuit is used as the
15 powef integrated circuit anﬁ in which a circuit having_é

differential amplifier circuit as its input unit is used

as a one chamnnel power integrated circuit.



oCLAI M5. 1. An acoustic nonolithic power sen conductor
|ﬁtegrated gircuit including: (a) a first differential anplifier circuit :
for acoustic signal anplification having non-invert I ng
i nputs directly connected to first and second |nput”mmﬂmnllumﬂm
integrated circuit, respectively; (b) afifst_anpliffer®odtpdt &irtuit
having a non-inverting input supplied with the output.signal of said first
diFferential epmpimbier circuit within said integrated 10 circuit and an
i'nverting input connected to a first feedback term nal of said integrated
circuit for determni ag tbeugaiir awtholithic Dpéwetrexehiobndacdolri r st
anplifier output circuit, said first anplifier circuit having its output
term nal conneéntegrated tirsmidutimeludimgnal of said 15 integrated
circuit; (c) a second differential anplifier circuit for acoustic signal
anplification having fen-anfdmsitnglififterienkial ngmphpliierdcieculiy domect ed
to third and fourth input termnals of said integrated circuit,
respectivel y; agauspdc signal @mpk;ﬁﬁﬁiﬁtp%n%ﬁV¥n8rn@ntanvecﬁﬁ@ﬁi@anV|ng a
non- |nvert|ng input supplied with the output: signal of said second
differential "ARPErEing dppetist %rterﬁtrilssaﬁen%?Eggaﬁedférﬁéuapdaﬁ&caﬁld
I nverting input connected to a second feedback %frn1nal of said |nte%rated

circuit for 25NRBE b AT BLRG LSh & fgdiat i REDaLeD. BINFEVEl SESPgCHLvely

(b} a first ampllfler Qutput_circuit having a
non-inVerting input supplied with the output signal of said
first differéntial amplifier ;ircuit within said integrated

10 circuit and an inverting input connected.to a first feedback.
terminal of said integrated circuit for determining the
gain and output D.C. level of said first amplifier output
circuit, said first amplifier circuit having its output
terminal connected to a first output tgrminal of said

15 integrated circuit; '

(c) a second differential amplifier circuit for
acoﬁstic signal amplification having non-inVerting and
inﬁerting inputs directly connected to third and fourth input
terminals of said integrated:circuit, respectively; and

20 - (d) a second amplifier output circuit having a non-
inverting input supplied with the output_signél of said
second differential’émplifier circuit within said integrated
circuit and an inverting input connected to a second | |
feedback terminal of said integraied circuit for

25 determining the éain and output D.C. leyel of said

second amplifier output circuit, said second



. nd QEE%LLLEL;QQLQML_CLLcuit, sai d second anplifier output circuik,’.

AlYd second anplifier circuit having its output term.nal connected.to a A
cond ou [nuumuH“Lsai d integrated circuit. 2. An acoustie

“monol i t hi Hmﬂ Bictor 5 integrated circuit according ot Claim

1, wherein*the f4rst isnput_ termnal Jdsijgsupplied with either the left or the-

ri ght stereophonic signal and the thir8 input ternminal is supplied with the

t her st honj c._si gnal d wherein the first oytput.termnal is 10 vy
connected t o 2R ETeT oRHEBERK SIS tin S Akt FREORE pREP LT HeRal i s 7

d d ker. .3. . | | i thi
Co e 1o AR AR IR st e n e BURRE GRS POV
i nput term nglg t9Ge BETEQrﬁyﬂglt WA drce ﬁ%% auegkh%QeMth an
i nput signal, and wherern a | oud- Speaker TS conngc &8 between the first

output term nal and thEnSSEQGQtQ%tHHh&f%ﬂHiEﬂpbﬁer semicORdMcRSH | C system

conprising the first and second acoustic nonolithic power sem conductor 20

i ntegratged Cifipikdgda 86408 drRaAiLO a@ﬁ'ﬁaﬂndg vhereifimhe,f uheredwouHd C :
nonol it hi ¢ power sem conductor integrated circuit has its first input

term nal supptiresk Widputi termifhanndls isuyppl segnmitandithersenenddmput
termnal supplied with a bias voltage, wherein said 25 first acoustic

monol i t hi c pawertisentightuster eiophegrial esi gnaTruahd bhRe ithdridodrgut nput
term nal supplied with o _ _

terminal is supplied with the other stereophonic

signal, and whefein'the first output terminal is

10 connected to a first loudspeaker and the secohd’outpuﬁ
terminal is Cthected_to a second loudspeaker.

3. An acoustic monolithic_power semiconductor
integrated circuit according'to Claim 1, wherein the
first input terminal and the fourth input terminal-

15 are supplied with an input signal; and wherein a loud-
speaker is'connected between the first output'}grminal
and the second output terminal.

4, ' An acoustic system comprising the first and
second acoustic monolithic.power semiconductor

20 integrated circuits according to Claim 1, wherein the
first acoustic monolithic power semiconductor integrated
circuit has its first input terminai'supplied with
first channel input signal and its second input
terminal supplied with a bias voltage, wherein said

25 first acoustic monolithic power.seﬁiconductor integrated

circuits has its fourth input terminal supplied with

the first channel input signal through a first attenuator



‘the figst channel input signal through a first attenuator =17 - and i{s. 6~
thi%4 i nput _term nal supplied with second Channell' ' ough a
third attenuator, wherein the second acoustic m)nd“mmmmﬂuﬂmﬂm . _
sem conductor integrated circuit has its-first input ¢erum Mal Ssupplied with
the 5 second channel input signal through -a fourth attenuator and its
second input terminal supplied with the'fiTst channel input signal through
alssecand attenuator, wherein the second acoustic.nonolithic power

sem conduct or andedtat sdicidr dmputhderninabusupplipdt wishniseaionsiumlame 110
with the second channel input signal and its third input term nal supplied
with a bias voinpyé, sigaadhéhdiougme fthird attenuatenir yhgneinokhen
attenuators are arranged so that the signal attenuations by the first and
fourth attenuaf®fSndracpasitdcomanals ¥nbs cPeWerhsembcondystond imteans e
attenuat ors. n acousf.ic systen1accorghn2 to Cl.aim4, wherein a

first Ioudspe2§§F°P§tcBﬁﬁeéﬁ§jﬂiﬁ%&xﬁpﬁ%ﬁ teraing d?EBE&ﬁGdoMﬁﬁh the
Circut, 520  SRREPE; FNAREE oA R CLHEIRE, ERESHER B FBET BB, ASSFRREGH rot
output_term nofegls L hsChohl S0 CoPIRki {HUeobRus! EH sRUAAL.
Toudspeaker 1 <cheRfEL SHOHE, S1arRi i Gleh 4 Cbebonti QBB 4 25
wherein the second acoustic monolithic power semiconductor
integrated circuit has its fourth input terminal supplied
10 with the second channel input signal and its third
input terminal supplied with a bias voltage, and wherein
the first, second, third and fourth attenuators.are
arranged so that the signal attenuations by the first
and fourth attenuators are reciprocal to those bf the
15 ‘'second and third attenuators. _
5. An acoustic system according to Claie f,
.ﬁherein a first loudspeaker is connected between the.
first and second output terminals of the first acoustic
monolithic power semiconductor integrated circuit,
20 wherein a second loudSpgaker is connected between the
first output teﬁminal of the first écoustic monolithic
" power semicohductor integraied circuit;and_the first
output términal.of the second acoustic monolithic
power semiconductor integrated circuit, wherein a third
25 loudspeaker is connected between the first and second
output termin#ls of the Seéond acoustic monolithic power

semiconductor integrated circuit, wherein a fourth



8

tegrated

signals. 6.

second and

guadr ophoni ¢ system 7.

are "left"

signals i n aetmimaphofii theyseewnd3.acoustic Amonobishic powelri tsiemi-powner
sem conductor 20 integrated circuit according to any one of the preceding
clainms B to nducter nistegratedr ciinguitputwhérsdndther Siratpland erecandgut

circuit is

t put t er mi nal-s—of—t1e second acoustic nonolithic power sem conductor . .
circu neggh a fourth 18 | oudspeaker is connected betwee
he second“ mgnml[\m‘\]of the first acoustic nonolithic power sem -
-conduct or 1M cisrcuit and the second output term nal of the second
-acoustic nonolithic power sem- 5 conductor integrated circuit, wherein
the first and second | oudspeakers arel&ised for the first channel signals
whereas the third and fourth | oudspeakers are used for the second channel

| loudspedRe ACPYS EohnBEteNAOGH &l NEh& OsEL 8L A Butplgwherein the
first and third I'oudspeakers are used as the front

fapdind DugsPERkErs rafte deub i hdfoleBhikopdaRpalsdnii N a

signals and said second channel input signals are "right"

connected to said first feedback term nal through a first

f eedback resieundspeakers anesused fiadyrthedirsturhannglcsagsalsd to

10

15

20

25

-whereas the third and fourth 1oudspeakers are used
for the second qhannel signals. |

6. " An acoustic system according to Claim 5,

‘wherein the first and third loudspeakers are used as

the front'loudspeakers whereas the second and fourth

) loudspeakers are used for the rear loudspeakers in a

quadrophonic system.

7. ~ An acoustic system according to any one of '
the preceding claims 4 to 6, wherein said first channel
input signals are "left" signals and said secoqp'
channel input signals are "right" signals'in a
stereophonic system.

8. An acoustic monolithic power Semicondudtor
.in;egrated circuit according to any one of the preceding
claims ‘1 to 3, wherein said inverting input of said
first amﬁlifier output circuit is connected to said
first feedback terminal through a first feedback resistor
formed in said'integrﬁ;ed.circuit and connected_to

said butpui terminal of said first amplifier output

circuit through a second feedback resistor formed in

. An acoustic system according to any one of
15 the preceshiductar "EndegPatedVtdrajuitsadnld fthet sebandebuitpuitt si gnal s

X

| oudspeakers whereas the



25 ,.%pbck out put terninal of said first anplifier output circuit through a Cé;;;

amorein card inverting | nput o said secondampi | FIHAEMIEINERAR:  °7S

connected to said second feedback terninal through*a %hi'rd"f eddback
resistor formed in said integrated 2 qgci_rcuit and connected to sai d output
ternthal of said second anplifier output circuit through a fourth feedback
[ eststor formekaiy siitedrd eedatedcaitUahd Sherein Ay ACPHFEEELARNO! I Lhic
power sem conductor integrated circuit constructed substantially aS herein
10  described wingut esfreare s$econd ampirhilrysi Jutdbdt) ey ljsor Figure
4; or Figure 5 of the acconpanying draw ngs. 10. An acoustic system
utilizing a serdomrekiddrto nsepdasedonir Ceieldbais tudiaifth BUPSsanghakl y as

herein 15 described with reference to and as illustrated in Figure 2 of
t he acconpanyi tidrdavierdbatic resisvbrt fermedciini caiidnintegricea
reproduced by photocopying the applicants original typescript. [t may

~contain adfew &intdigntandutennactedi £bi salid omtipartd.terinEnal | gf nghid

typescript containing these amendnents nmay be inspected on the prenises of /

the Patent O fiS@ond amplifier output circuit through a fourth'

' feedback resistor formed in said integrated circuit.
9. An acoustic monolithic power semiconductor
integrated circuit constructed substantially as herein
10 'described with reference to and as illustrated in

Figure 1; or Figure 4; or Figqre 5 of the accompanying
drawings. '
10. An acoustic system utilizing a semiconductor
integrated circuit constructed substantially as herein

15 described with reference to and as illustrated in

Figure 2 of the accompanying drawing.

The text of 'tﬁe specification has beemn reproduced by photocopying the g

] pplicants original
typeseript. - It may contain a few amendments which are difficult to read, The original
typescript containing these amendments mey be inspected on the premises of the Patent Office



