2061617 " 8EM, CONDUCTOR | NTEGRATED Cl RCUI T DEVI CE". The present invention <E;}

‘relates to a semiconductor ' integrated circuit device (hereinafter
referred to as.an 1C) and,. nore specifically deals mnth an I Cin which an
amplifier gcircuit is forned therein. 5 In an 1 C having

el ements that are forned on a substrate, it is necessary that the substrate
is fixed to earth potential so that the substrate is separatei%gggizii
erenents by the pn junction. On the other ‘hand, the reference 14 10
wiring (earth) of the. circuit forned in the IC nust be fixed to earth
potential by prOV|d|ng on the substrate a wire bonding pad for earthing the
circuit, and connecting the pad to an externally drawing lead of the IC
(herein- after often referred to as external connecting pin of the 15 I O
using a netal connector. In- general, the nunber of external connecting pins
of 'the I1Cis determ ned dependi ng upon the -2- construction of the
package formng the |IC. It is-desired to mnimze the nunber of external
connecting pins (external connecting termnals) in the circuit which is
produced in an integrated circuit form From

-1 -

"SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE".

) The present invention relates to a semioonductor'
integrated circuit device (hereinafter referred ro as an
IC) and, more specifically deals with an iC in which an
amplifier circuit is formed therein.

5 In an IC having eiements that are formed on a
substrate, it is necessary that the substrate is fixed to
earth po:ential so that the suoetrate is separated from
the elements by the pn junction.

| On the other hand, the reference potential

10 wiring (earth) of the circuit formed in the IC must be
fixed to earth potential by providiné on the substrate a
wire bonding pad for earthing the circuit; ehd eonneeting
the pad to an externally draw1ng lead of the IC (hereln- |
after often referred to as external connectlng p1n of the

15 IC) using a metal connector.

In general, the number of external connectlng

pins of the IC is determined depending upon the



55uch a point of view, the wire bonding pad for earthing’the-ci feuit®
aNd £ he wire bonding pad for earthing the substrate has previously been
formed on the substrate in the formof a common wire bonding, and the

common pad has been connected to an external connecting pin of the .10 I C
via a netal connector so as to mai nt ai ned at the earth potential of an

el ectroni c device which consists“of a printed board. However, we have found? .
the fact that when the ICis enployed for an audio anplifier circuit, the 7

15 1 O shackiaRcha e Whd Moo Amphifkormelteult iy daterioral ed by

the internal resistance pos connector whi ch connects the
connon re bandin ad to the ex rnal onnectin I n other words,

si nce- ag%ééF %C&PF%H%' ﬁﬁheEU? eﬁ?t?Fﬁﬁg EPBHF?Glnga ref erence
potential to wearth potentlal |n the circuit which is constructed in the

f or m of pinsi fex§eaned somneatingctextimahs) pot thei alirguddr goes vari ation
in the IC due to the internal resistance of the netal connector, whereby

the potghtichl ief produsedstimtan itntdgpatédi €lrcuit3foari at Fegm n the
substrate potential caused by the output current, reduces the quality of
thg out pytni'l PBEnUSR ARY, fird ﬁf&%n@yngnﬁsaa%wgeg%h%gOrt I on.
the circuit and'pﬁe wiré bonding pad fof eérthing the
substrate has pfe#iously been formed on the substrate
in the form of a coﬁmon wire bonding, énd the common pad
has.been connected to an'external'connecting pin of the
10 IC via a metal conneétor so as to be maintéined at the
-eartﬁ potential of an electronic device which consists of
a printed bogrd. |
| However, we have found the fact'that_when the
IC is employed for an audio amplifief circuit, the | |
15 distortion factor of the audio amplifier circuit is
deteriorated by the internal resistance possessed by the
metai cénnector which connects the.common wire bonding pad
to the external connecting Pins. In othér words,
since a heavy currént such as output cﬁ::ent flowslfrom
20 a reference potential to earth poteﬁtial in the.circuit
which is constructed in the form of an 1ntegrated c1rcu1t,
the refereﬁce potential undergoes variation in the IC
due to the internal resistance of the metal conne@tor,

whereby the potential of the substrate is also varied.



1f itlusttated in further detail with regard 5 to the I C which contai

.an audi o anplifier circuit having at |east an output anplifier circuit

portion and an input anplifier circuit portion, a reference potential |ine
in the output anplifier circuit portion is separated froma reference
potential line in the output anplifjer 10 circuit portioninthe ICin

order that the input side is not affetted by the variation in the reference
Yotential caused by a heavy current in the output anplifier circuit

Por L o kiR i e PAESs Arh bSE 0L £RPERELATRCRER AlRpRioY! o

substrate is connected to the wire bonding pad for earthing in the output
anpl i fi er CATT@RY, neducAR dihe canakhty fPbushenPBEBHEtt AR FBEaBUEdRnect or on
t he out put side and through the external connecting |ead. However, since
t he net al aiplifiemedimuicoriyi increseingl thesdishareionhe reference
potential line in the output anplifier circuit undergoes variation due to

the output current, a fIRStPstéd! BnPPLLPheR! dataflugdenoeRgarde same
vari ati on. Variation in the substrate potential is fed back by way of

o DR o SO Gl AN, e QTS BEBIEREE LEBLRT SR
at least an output amplifier circuit portion and an
input amplifier circuit portion, a reference potential line
in the output amplifier ;ircuit portion is separated
from a reference potential iine in the output amplifief.
"~ 10 circuiﬁ portion in the IC in order that the input éide

is not affected by the variation in the reference potential .
caused by a heavy current in tﬁe output amplifier circuit
“portion, and wire bonding pads and external conmecting
leads are provided to individually earth them.

15 In this case,'when the substrate is connected
to the wire bonding pad for earthing in the output
amplifier circuit, the output currentwflows through the
metal connector on the_output_side and through the
external connecting lead. However, since the metal

20 connector contains internal resistanéé, the reference
potential line in the output amplifier,circuit undergoes
variation due to the output current, and the substrate
potential also undergoes the same variation. Variation

in the substrate potential is fed back by way of



ri mposed on the input signals 5 whi ch causes the distortion to

ease. On the other hand, when the substrate is connected to the wire
bondi ng pad for earthing the input anplifier circuit, the | eakage current
flows into the substrate via a pnp lateral transistor which forns a 10

' LY
%Eégtrate in the above-nentioned region, and the thus fed-bactk signals are

quasi - conpl ementary push-pul | Qirgcut. The | eakage current flows through i;
the netal connector on the input side and through the external connecting
| ead. Here, since the netal connector contains resistance, the reference

potenti aparhBetic thﬁablim-ca“rWHifdterMiﬂ‘@utéd 15e twpent aopegiomar i ed by the
| eakage current which flows into the substrate, and the distortion is

| ncreasegnetl bRe! IARRRAIGE M0 U1 Mod s PEGRRDA LAACRRRON LO Provide a

seni conductor integrated ci it device use In audiro anplifier
Accor di nEuPBLEREepBsEHE. ARFNIA-IST LI | S BF 90t deRdatBenFhiduct o
integrated circuit device for anplifier.circuits including: a sem conductgr
subst r at fednbabkcisigmpilisf isaae suparimposed fomnthlei hinputi atggedsed -5-
circuit form a first - wire bonding pad which is forned

5 which causes the distortion to increase.

On the othgr hand, when the substrate is
coqnecﬁed to the wire bonding pad for earthing the input
aﬁplifier-circuit, the'leakage.current flows into thé
substrate via a pnp lateral transistor which forms a

10 quasi-complementary push-pull circuit. The leakagéf
current flows through the metal connector on the input | L
side and through the external comnecting lead. Here,
since the metal cﬁnnector contains resistance, ﬁhe
reference potential line in the input amplifier-circuit

15 portion is varied by the leakage current which flows
into the substratg; and the distortion is increased.

It is therefore an object of the present
invention to provide a semiconductor integrated circﬁit
device for use in audio amplifier circuits, which

20 circuits is designed to decrease the distortion,

f 'Accotding to the present invention théfe is
provided a semiconductor integrated circuit device for

amplifier circuits including: a semiconductor substrate

in which amplifier circuits are formed in an integrated



- on seid s®niconductor substrate to earth at |east one of said anplifier

"circuits; an external term nal which is separated from said senm conduct or
substrate and which is 5 el ectrically connected to said first wire.
bondi ng pad via a first conductor; a second wire bonding pad which is
formed on said sem conductor supskrate being separated fromsaid first wire
bondi ng pad, and which earths said sem conductor substrate; and a second
‘®onduct or which 10 electrically connects said second wire bonding pad to

sal d exteldied £t dah; THOEPESECU rpNKBALIAR Wald WIS danfindipd 1N
greater detal y way of exanple wth refererice to the acconpanying .
drawi.ngs, wherejn:- 15 : lgure 1 is a,circuit diagrampof one
preferred qrbrgrﬁjo‘? st conducter FﬁpégFg:éﬁd tp; pagith @é:\/iliceésdq:i‘g}ﬁ’é’ is a

pl an view of the semiconductor integrated circuit device shown in Figure 1
Fi gure 3 isakd coampbifteri ohutuirey oanasxternadnitempdmalc atdadt kse

semni conductor integrated-circuit device shown in Figure 2, taken along the
line Ill-lddpafatad efdomSsaidr sanicontutolr substratan L1 afgesh stal e of

t he sem conductor integrated circuit device shown in Figure 2, taken al ong
the'ﬂ'“?'éiééﬁrfE@hly &finmected to said first wire bonding pad via
a first conductor; a second wire bonding pad which.is
formed on said semiconductor substrate being separated from
said first wire bonding pad, and which earths said |
sémiconductof substrate; and a second'condﬁctor which
10 electrically connects said second wire bonding p;d to
said external terminal. |
The present invention will now be described
in greater detail by way of example with reference to the
accompanying drawings, wherein:- |
15 Figure 1 is a circuit diagram of dne.preferred
fprm of semiconductor integrated circuit device;
Figure 2 is a plan view of the semiconductor
integrated circuit device shown in_Figure 1;
Figure 3 is a cross-sectional view on an
20 enlarged scalé of-the semiconductor integrated circuit
device shown in Figure 2, takén along-;he line IIIffII;
| Figure 4 is a cross-sectionalhview on an
enlarged scale of the semiconductor integrated circuit

-device shown in Figure 2, taken along the line IV-IV; and
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‘Eigure 5 is a plan view of a second enbodi nent of a sem conduct or
' 9% egrated circuit device. The circuit and construction of the I C shown in
rgures 1 and 2 is for audio anplifiers. 5 The ICGis a
monolithic integrated circuit which consists of a single silicon .
sem conductor substrate. The portion surrounded by a chain dotted line is
formed in a sem conductor. chip. = 8ynbols P1 to P8 denote external %
connecting leads, i.e., external connecting pins 10 which are provided in"

the package of the @di%g65rﬂgmhtgnéﬁgyi@wloftQeSggghg afPbldiiemtci rcui t
consists of an input anplifier circuit Al for anplifying the input signals,

a drive ¢gigrcuit [.er ' receive he. t .the input anplifier
circuit §hdal§Em£%ﬁQ§@gﬁé¥L§§§%%gE§%%d%h?géfggggbéﬁg'an out put anplifier
circuit A3 which is driven by the drive circuit and whi ch produces’ out put
signal s. The input ) icdineuich rand (consbrucFioneefather A6 & anplifier
circuit which includes pnp 20 tramsistors [err] to 4, and is used as a
buf f er atml Figarefsorl tamd @ ide for camdid\amplifiiessconnected in the
subsequent stage. Darlington-connected pnp transistors and Q are
earghed at their COMRCUY i o4 idlEFithic! fREkgrated circuit

which consists of a single silicon semiconductor substrate.

The portion surrounded by a chain dotted line is formed

in a semiconductor chip. Symbols Pi to.P8 denote

external connecting leads, i.e., external comnecting pins

10 which are provided in the package of the IC.
Referring to Figure 1, the audio amplifier

circuit consists of an input amplifier circuit'A1 for

Jamplifying the input signals, a drive circuit A, which

receives the output of the input amplifier circuit and

15 which drives a subsequent stage, and an output amplifier
circuit Aq which is driven by the drive circuit and
which produces output signals. -

The input amplifier circuit A, comnstitutes a

1
differential amplifier circuit which includes pnp

20 transistors Q1 to Q&’ and is used as a buffer amplifier
for the drive circuit AZ which is connected in the
subsequent-stage. .

Darlington-connected pnp transistors Q and

Q2 are earthed at their collector_electrodes.~_ Input



' -7-‘5ign§|s,VIN‘are applied to the base el ectrode of the transistor Q
t hrough an external connection lead P2. Simlarly, Darlington-connected
transistors . and are earthed at their collector 5 el ectrodes, and
t he base el ectrode of the transistor is biased to zero volts (earth
potential). The enmitter electrode df=the transistors Q is connected to the:
remtter electrodes of transistors and G through respective resistors R10

‘ahd[err],.mhilst . 10 the enmtter el ectrode of the transistor is
connect e¢ignalfc Veni 1axg aprkieddee theibaasi siersrpder paAndhenr ough
respective resistors R and R, - The transistors [err]and

consti tutm:amstiis‘ﬁdrenf | through | an eéxtdbral otbrakorieheteadd® of a
constant-current 15 transistor [err] is connected to conwo%'y connect ed

base el ectrodes of tdwn{y 'Stﬁ'fkfﬁgeaﬂ-ésﬁﬁkctzae ggse el ectrode of the

tonstant-current transistor {err as-a constant voltage applied thereto

from di ode-connected transisfors Q a whjch are, 20 connected .in
seri es, ﬁﬂ@F@Bﬁqﬂﬁ§ J%ﬂé(éae?ﬁ%t?%ﬁgg?é?§Epﬁh?éa ﬁP@ﬁegteﬁhstant current
mhicg is determned by the resistor R that is connected to the emtter

el ecfr odelesitnade somndirthe basnteleansedeopf She] transistoanQant current
I's supplied to the commonly connected base.

is biased to zero volts (earth potential).
The emitter electrode of the tfansistors Q2 is

connected to thé emitter electrodes of transistors Qs

and R

- and Qg through respective resistors R whilst

10 11’
. 10  the emitter electrode of the ;rahsistdr Q3 is connected
to the emitter elgctrodes of traﬁsistors Qs_and Q7
through respectivé resistors R12 and R13. " The transistors
$Q5 and Qsiconstitﬁte a differential amplifier. :

The collector electrode of a constant-currént

15 transistor-Q9 is connected to commonly connected base
electrodes of the transistors Q6 and Q7.

The baée electrode of the7constantfcurrent
transistor Q_9 has a constant voltage applied ﬁhereto from
diode~-connected transiétgrs_qlz.and Q13.which are

20  connected in series, whereby the collector electrode is
supplied with a constant current which is determined by
the resistor R2 that is conﬁec;ed to the emittegfelectrode.
of the constant-currenﬁ transistor Qg.  The éénstant

current is supplied to the commonly connected base .



N el ectrodes of the transistors and which formpart of the ‘

g&fﬁ_rential amplifier. A voltage source V is applied to the cc commonly
conpected col |l ector and base el ectrodes of the 5 di ode- connect ed

nsistor Q via transistors Q and QL1 The voltage source V - is

also applied to the resistor [err] which is connected to the emtter _
el ectrode of the const ant - cur r 8n8 fransi st or Q, and to |load resistors N
[err] and R of the differential transistors 10 and [err] respectively, :
via transistors [err] .a [err], .The | oad resj stor r nd r] are

provi ded 9%“?5%&%& J,ECEgF EF r"g&8§so?2d6t l‘?émhlsd]‘ e‘%é{ﬁi a%oﬁpaﬁéfét ors and
[err] in order to obtain anRIified out put signals of opposite phases. 15

Di ode- corm@cthel dififierensialQampddfderand resistors R and R12 that are

provi ded between the base el ectrodes of the differential transistors (b and
[err] and the enitten ¢biehpedesurice Ve t riandppbied (Roathle@ and operate

so that the apparent current anplificati%n factor 20 of the differential
transi sto d. R t ' rded (4 a1l j Er et A2 - 4
consi sts %@mgé%?gs?%n%;é}%g tc;)%lg%ﬁaﬁ'ﬁc ud?;é'éfér/a%]é{f%gégaglﬁft gH err] a
difffrenté

| ,circuit whi.ch incl,udes feed- back transisto
f%de-connected trans:.stor%12 é&aekransfgtors 610 and

Q4 The voltage source Vcc-is also applied to the
resistor Rz which is connected to the émitter electrode
of the constant-current traﬁéistor Qq, and to load |
resistors Ri and R3 of the differential transistors Q5

10 and Q8.respective1y, via transistors Q10 and Q11°

| " 'The ioad resistors R, and R, are provided for
the collector electrodes of the differential transistors
1Q5 and QS’ in order to'obtain amplified output signals
of opposite phases. o | .

15 . ' Diode-connected transistors Qg énd Q, and
resistors R11 and R12 that are provided between the base
electrodes of the differential'transfgto:s Qs'and Q8 and
the emitter electrodes of the transistors Qz'and Q3 and
operate so that the apparent current amﬁlification factor

20 of the differential transistors Qg and Qg is set to be
nearly unity.

The drive circuit A, consists of a biasing
circuit which includes transistors Q, to Qg @

diffe;ential'circuit which includes a feed-béck transistor



. -9-.eand & driver circuit which includes transistors @0 and Q@1 connecteésze//
. in Darlington configuration, and drives the output anplifier circuit A3 :

which is placed in the subsequent stage. 5 - Emitter el ectrodes’

of a pnp transistor and an npn transistor Q are conmonly

connected, the collector electrode @f.the transistor Q is earthed via a
resistor [err] and the collector electrode of the transistor [err] is
‘connected to the junction between the transistor [err] 10 and the

transi st 0Q,Ql1 afde Hidgihvemnpirdud whight snobadéesedransistbesi nput

anplifier di® cui t [err]is applied to the base el ectrode of the transistor

[err], ang anaﬁef 351] % AR c:i.éd'pmoba&fﬁwgtaﬁeceﬁkigg&gggghgc @de of the

transi st or 205 transi stor QL8 operates ack a direct
current, and its bhase el ectrode jis. connected to a middl e-poiknt pot.ential of
Che oot pultivins e Sl (S S EROREELEEr 1 Rp v B, o Bhatsd aRnck
circuit which 20 consists of resistors R and R and a capacitor [err]
that are &henshtbaequant detage. | C, whereby the niddl e-point potential of

the output anplifier circuit Ais controlled to a predeterm ned potential. -
- Emitter electrodes of a pnp transistor Q17 and

an npn transistor Q18 are commonly connected, the collector
electrode of the transistor Q17 is earthed via a resistor
‘Rjg) and the collector electrode of theltransistor-le
is-conneqted to the junction between the transistor Q10
. 10 and the transisto; Qll'.

One of the amplified outputs obtained from the -
input amplifier Eircuit A1 is applied to the base
electrodg_of the transistor Q17, and an output signal is

produced on the collector electrode of the transistor

15 Q17.
The transistor Q18 operates -to feed back a
direct current, and its base electrod® is conmected to
a middle-point potential of thé output amplifier circuif.
A3 through.a terminal_P4 via a feedback circuit which
20 consists of resistors Ry and Rg'and a capacitor G, that
are coqnected outside the IC, whereby the middle-point
potential:gf the outpu;'amplifier circuit A3 is controlled

to a predetermined potential.

The above feedback circuit operates. as a



. . . .
The above feedback circuit operates as a -10- negative feedback circuit
‘alternating currents. Referring to the Darlington pair consisting of

transistors [err], the base el ectrode of the transistor Q20 has applied

1't, the out put signal fromb5 the collector electrode of the
ansi st or of the differential circuit. Qut put signals are produced
on the collector electrodes of ¢hE0t+¥ansistors Q and Q wth the %

constant-current transistor QL9 as the load. A capacitor C which is

connect efleekacen degégﬂél-h k IBSGuft eFdF ngce{—nabﬁn B 8Qtrdhts (20 and the

col l ector e transistor 1 1s provided to prevent
oscillation of the ¢ U|t The @%guﬁ gP Ller C|rcuit A gansists of a
quasi - conpl ement ary agkington pair copsishinig, s and

@ connected in Darllngton conflguratlon have applied to their base
el ectrode€, thee taemaiis tagmdl 5, oand R, s | bhecbasei elaesrade obdinee

positive A .C. output signals on their emtter electrodes. A transistor
for obt akgiangikegat Q. 2@ hds afpliedtpotitigohbsoqrpuat edgnala fowipl enent ary

manner with respect t9 the transistors [err] and [err] and has applied to
| tsgbasefeeeh13¢Rtad! A¥dMiodd WE! trd EPSnQiis\‘_Sr'Q” of the
differential circuit. Qutput signals are produced on the
collector electrodes of the transistors on and Q21'with
the constant-current transistor Q9 as the load.
A capacitor Cl-which is.connected between the
10 base electrode of the transistor on and the collector
electrode of the transistor Qél is provided to prevent
oscillation of the circuit.
The output amplifier circuit A3 consists of
a quasi-complementary push-pull circuit.
15 Transistors Qg and Q) connected in Darlington
configuration have appliéd to their base electfbdes,
the output signals of the drive circait Az, and produce
positive A.C. output signéls on their emitter electrodes.
A transistor Qzé for obtaining negative A;C;
20 output signals operates in a complementary manner with
- respect to the transistors Q26 and Q27, and Has applied
to its base_glectrode, an output signal of the drive
circuit A, via a pnp transistor Q23 which forms an

inverter stage.



ccireuit A2 via a pnp transistor @3 which fornms an inverter stage. - @

- Diodes [err] to [err] and a transistor constitute a circuit for \—+
bi asing the output transistors [err] and [err]. An audio output signal is =«
obtained froma 5 poi nt at -which the emtter el ectrode of the transistor

[err] is connected to the collectgr.electrode of the transistor 28 via an
external termnal P8 1In this circuit, reference potentials of the input
“afiplifier circuit A and the drive circuit A2 are 10 eart hed via an

earthing wire bondingi®dds3D(FeeuDg ahdon tthensiptbornsigle aishitit@re
external termnal P3, a refefence potential of the outﬁ%& anpllfler circuit

[err] is | gogn Wy d ure on the

out put SI%Z(E{{'%S]]\'/'IYG. a% ‘ég é?’ﬂgl ngr hqﬁr%gﬁq'[ !j &%f%: C?231’e Strate is
eart hed vj a a 5 bondi ng pad 6'. (Figure 2) for the substrate and via the
ext er nal | *7%he | C construction of the audio anplifier circuit is

|IIustrated in Figure 2. 20 ’ In Figure 2, the sane portions as
~ those of Figure 1 ar&ndaudiedobypuhesagnalsﬁmbdh;alned from a

/
5  point at which the emitter electrode of the transistor
Q27 is connected to the collector electrode of the
transistor Q28’ Qia an external terminal Psw
. In this circuit, reference potentials.of the
input amplifier circuit A1 and the drive circuit A2 are
" 10 earthed via an earthing wire bonding pad 3 (Figure 2) on
~the input side and via an external temminal P,, a | .
reference potential of the output amplifier cireuit A3
is earthed via an earthing wire bonding pad 6 (Figure 2)
on the eutput side and via an external terminal P6, and-
15 the substrate is eartﬁed via a wire bonding pad 6' |
(Figure 2) for the substrate and via the external
terminal P.. ' -
The IC construction of the audio amplifier
circuit is illustrated in Figure 2.
20 In Figure 2, the same portions.as those of
Figure 1 are denoted by the same symbols.
A portion surrounded by a broken line Al

denotes the input amplifier circuit portion, a portion

surrounded by a broken line A, denotes the drive circuit



A portlon surrounded by a broken line [err] denotes the input’ anpllfler
Ci4cuit portion, a portian surrounded by a broken line A2 denotes the drive
uit - 12 - portion, and a portion surrounded by a broken-line [err]
tes the output anplifier circuit portion. Reference nunerals 1 to 8
denote wiré bonding pads which are ﬁgnnected to predeterm ned external 5
termnals [err] to P8 via netalliT nhector wires 11 to 18. An earthing
Wre bondlng pad 3 is provided on the input side, and an earthing wire
bondi ng LS p V|ded n the out but Th cCORstruction al so
el udes BAES3ARGo Bk b por ok it Ahada By, frBrakel TkeliA g he
sem conduct or Chl 20. Figure 3 is a cross-sectional view on an enl arged
scal e ofd anﬁﬁstA%QMQRQQUG(ﬁﬂﬁk@ﬁ*%@l@thHiéhPP§tFQﬂned in the input
anplifier circuit portion of the 15 sem conductor chip along the |Iine
I11-111 of Figure 2Refletdricpimnumerals Lross8sdehbueakivieebondiaty enl arged
scale of the wire bonding pad for substrate forned in the output anplifier

cireult BAHS QRIRHNEd i détdd Lo Prede geERifed?8xternal The

sem conduct or I p shown |nc

5 terminals P1 to P8 via metallic connector wires 11 to 18.
An earthing wire bonding pad 3 is proQided on the input
side, and an earthing wire bonding pad 6 is pravided on
the output side.

The IC construction also includes a'semicondﬁétoé

10 chip 20, and a tub 10 for securing the semiconductor
chip 20. |

Figure 3 is a cross-sectional view on an
enlarged scale of ‘a pnp transistor forming region which is
formed in the input amplifier circuit portioﬁ of the

15 semiconductor chip along the line III-III of Figure 2,
and Figure 4 is a'crds#-sectionai view on an enlarged
scale of the wire bonding pad for subitrate formed in the
output amplifier circuit portion along the line IV-IV of
Figure 2. | |

20 The semiconduétor chip shown includes a
substrate 21 (P-SUB), an n-type well region 22 for forming
elements that is separatgd ffom'a'p+;type isolation
region 21' by a pn junction, a p-type région 23 formed

in ‘the well region 22, an n+-type region 24 formed in the



. substrat® 21 (P-SUB), an n-type well region 22 for form ng el enents thatééé}
separated froma p -type isolation region 21' by a pn junction, a p-type .-
region 23 fornmed in the well region 22, an n -type region 24 fornmed in the .
- 13 - well region 22 or in the p-type region 23, a first insulation |ayer

- 25, a_ first alumniumlayer 26 which serves as an el ectrode for the
el enent s t hat are fornmed on the ~sd sfrate, and which is used for effecting

~predetern1ned 5 CIrCUIt connection, a second insulation film 27 which is

provi ded on fir n|u Ia er ng I pLum | ayer 28 for
effecti ngw?ﬂédg? gg §| r&‘w % §%l°%rotfie}pse%g¢?0p%¢um nium | ayer
28 is. |nsulated fronlthe first alun1n|un1layer 26 by the second insulation
10  fil rinsulapionslayaneddedar £isd mlumindumyilayes |28 avhdshit hr ough
holes that are fornmed in thée second insulation film27. A section 9' of the
first al userves hayan @leatdotke foecahd @lemeriusntlmera®s formednonct ed by
a 15 conductor 9 as shown in Figure 3, and the extension thereof is

connect ede i@ §1DSSE‘£‘HP.QE“' a?rgr negr:h%is%s@cglfoer %éf&%@f@&@'ﬁ&hﬁin&{- The

pnp transistors I'n the i nput anplif cult portion

[errg ar € {rcu bééﬁ%&%c&&ﬁe a second lnsulatlon film 27 which is

prov1ded on the first‘aluminium layer, and a second
aluminium layer 28 for effecting predetermined circuit
comnections. The second aluminium layer 28 is insulated
from the first aluminium layer 26 by the_second insulation
" 10 film 27, and is connected to the first aluminium layer
26 through holes that are formed in the second insulation
film 27. |
A section 9' of the first aluminium layer 26
and the second aluminium layer 28 are connected by a
15 conductor 9 as shown in Figure 3, and the'gxtension
thereof is connected to the aluminium layer 28 of Figure
4 through a cohductor Iv. T
‘The pup transistoré'Ql'to Qa'formed in the
input amplifier circuit portion A, are the substrate~type
20 pnp transistors in which the n-type well region 22 serves
as a base region, the-p-Eype':egion 23 serVéS'as an
emitter region, and the substrate 21 serves as a

collector region..

The second aluminium layer denoted by 6' serves



. : ¢ &
20 pnp transistors in which the n-type well region 22 serves as a base *
r&gi qn, the p-type region 23 serves as an emtter region, and the substrate
In&eyves as a collector region. The second al unmi nium | ayer denoted by 6

S - 14 - as a wire bonding pad for the substrate. A netalbic
ector wire 16' is provided-joihcpnnecting the wire bonding pad 6' to
the external termnal P6 which is earthed. The netal lic connector wire
16' is made of 5 gold wire. The substrate 21 is connected to the wire
bondi ng RAd 61 HdHii t i hgubstghtal um A wataM8c and is -
earthed.g cgby F%B to Eﬁgggﬁggdﬁ%%n?h?l?ﬁs??a?ed I n ?b E?ghres 1to 4,

the output current fromgthe putput fransistor 8 iL.ch nst._tutes the

out put aﬁﬁPPﬁQ5°§ﬂW*ﬁﬁtf%LH*? Y?N%d?ﬁrgﬁﬁthﬁgeggabg|%§%MW%§%KNMing pad
6, the netallic connector wire 16 and the external termnal [err] 15

Ther ef or bondiag @ashté ‘al tofthe e dterRahgtarméngdn&nyhi&d ds/aries rel ative

to the potential of the external term nal P6, depending upon the resistance
(for exagpthedd N IMmhmtallidecorhattor whreed6dr iw mades.of /

5 gold wire.

The substrate 21 is'connected to the wire
bonding pad 6' foi the substrate via the first aluminium.
layer, and,is earthed.

According to the embodiment illustrated in

10 Figures 1 to 4, the output current from the output
transistor Q28 which constitutes the output amplifier
circuit Ag flows through the earthing wire bonding pad 6,
ﬁthe metallic conmector wire 16 and the externmal terminal
Pc. |

15 Therefore, the potential of the earthing wire
bonding pad 6 varies relative to the potential of the
external terminal P6’ depending upon the resistance (for
example, 50 miliohms) of the metallic connector wire 16.

However, the earthing wire bonding pad 6 is

20 connected to the external terminal P6 in such a manner
that a wire bonding pad 6' for the substrate is separately
provided, and the wire,bonding.pad 6' for substrate is

connected to the external terminal P; through a second

metallic commector wire 16'.



.'Fbmévef,’the earthing wire bonding pad 6 is 20 connected to the externa(;%ézy
termnal P6 in such a manner that a wire bonding pad 6' for the substrate—
is separately.provided, and the wire bonding pad 6' for substrate is
connected.to the external termnal P6 through a second netallic connector
wire 16'. - 15 - Since the wire bonding pad 6' for the substrate is
.connected to the external terminat L&re]variation in voltage is not
Ytansnmitted to the substrate no matter howit is varied by the resistance

in the metallic conngcter 5 wire and the output current of the output
circuit. Consequent|§ine@ethst whtrabondinge pagh$t'r fior ithenubstrate by t he
above-nentioned variation in voltage, and no variation is fed back to the

i nput  si gl comye¢ bed paoashei excepaallt zeeminalc P exivedrd fxsitoreein t he base
region 10 22 of the pnp transistors Qo in the circuit portion A. and

the substygleadd {Hens€otLandhiEteelNBoPRBC! SABYHAAES rg;egrﬂtéé;r @ e
th e rom be

f or med. Theref or e, e Input signal's can be prevent ei ng
col | oot ort s ah Ve Led oy FHRC PR SFAlEE 16"l ol i PPeChRal
transi stor 23 which constitutes the output anplifier circuit A3. VWhen
ther® is wireandethe output current of the output circuit. '
Consequently, the potential in the substrate is not varied
by the above-mentioned variation in voltage, and no
v;riation is fed back to the input signals by the .
pa;asitic capacitance which exists between the base region
10 22_of the pnp transistors Q1 to Qa in the circuit portion
A1 aﬁd the substrate in the region where the_pn§ transistors --'
Q1 to Qa are_formed. 'Therefore, the input signals can
be prevented from being distorted.
Furthermore; a parasitic vertical transistor
15 with its collector serving as a p-type substrate is formed
in the pnp lateral transistor.Q23 which coﬁstitutes the
output amplifigr circuit Ag. - When éaere is a leakage
current i as indicated by a broken line in Figure 1, the
leakage current i flows from the substrate to earth via
20 the wire bonding'pad.G' for the substrate, the metallic
connector wire 16' and the external terminal Pg, so that
the potential in the substrate varies primarily due to

the great resistance of the substrate. With reference to

the pnp transistors Q to Q, which are formed in the



current i as indicated by a broken line in Figure 1, the | eakage current i

f fromthe substrate to earth via 20 the wire bonding pad 6' for the
{Eg;frate, the metallic connector wire 16 and the external term nal P6 so
t the potential in the substrate varies primarily due to the great
resi stance of the substrate. Wth reference to the pnp transistors [err]
to Q4 which are formed in the _ 146z input anplifier circuit A that is
susceptible to the substrate potential, the substrate in the regi on where"
the pnp transistors [err] to 4 are forned is connected to the wire bonding
pad 6' WRifdhtl Sanfi¥ i sk té pe@hE aAUNthatMs suseePuilbdies % el 9 that have
resistaﬁ@gﬁaﬂ%ch isinuch smal [ er than that of the substrate. Accordingly,
the variation.in the te.q I,0 e sgghors of
the | npuB T FrEoRfHREL bE Ly shE bHBsREREe T HES A RRALARTERE TS B
| eakage current.- i which flows into the _substrate of the p_| ateral
transi st @ &srgnsistggs Ror kO Rpearfpber@eghdiss conng df_t ¢ ed by the
feed back through the parasitic capacitance:. Furthernore, the w re bondi ng;
pad 6' tavinte doridingi padodhewhiédht e earshest dhirpuglpalueinivmm t he
earthing wire bonding pad 6 which is maintained at a reference

5 conductors 9' and 9 that have resistance which is much

smaller than that of the substrate.
] Accordingly, the variation in the substrate
iﬁ the section where the pnp transistors of the input
amplifier circuit are formed, is very little affected by
10  the leakage current i which flows into the substrate of
the pnp lateral transistor Q23. ~ Therefore, the input ’
.signals are less distorted by the feed back through the
parasitic capacitance.
Furthermore, the wire bonding pad 6' to which
15 is connected the substrate is separated from the earthing
wire bonding pad 6 which is maintained at a reference
potential of the output side and sep;;ated from the
earthing wire bonding pad 3 which is maintained at a
reference potential on the input.side.' The wire bonding
20 pad 6' is comnected to the external terminal Pélon the
output side. Therefore, the leakage current i which
flows into the‘substrate, does nbt flow through the wire

bonding pad 3 fof‘earthing on the-input side, thréugh the

metallic connector wire 13 or through the external



. poténfraf of theé output side and separated fromthe earthing wre bondi %ﬁ g
pad 3 which is nmaintained at -a reference potential on the input side. 16
wire bonding 20 pad 6' is connected to the external terminal [err] on

t he out put si de. Therefore, the | eakage current i which flows into the
substrate, does not fIOM/througb-iye_mﬁre bondi ng pad 3 for earthing on the
i nput side, through the netallic Connector wire 13 or through the external
=17 - terminal P on the input side. Consequently, the 3 reference

potentimtéfﬁfﬁhfﬁPtkﬁgi?ﬁgtiﬁggtigigé.cir@ghgeaﬁgqqigjutﬁgive circuit

[err] are not varied e reSistance of the ne connector wire 13 or
of the 5 external termnal.[err]; e i,nput signals can ,be prevented
fromlmﬂrﬁfﬁﬁ%ﬁ?ﬁ?e@?£?$€%?g %gp?ﬁugﬁrgﬂgsl %?%c&ﬁ$iﬁﬁ;ﬁﬁrﬁﬁﬁc Fihe audio
anplifier circuit of Figure 1, i.e., illustrates on an enlarged scale a

portion % tanrd skhe cdniveteireulp 4gtarsf npfe Viariegr Hvedhd rcuit, and the
1

sanme portions as those of Figures 0 4 are denoted by the sane reference
nuner al s.rdsistguce &f the mevhidbducbanechior wideudss can ofarghd ng wire |,

bondi ng pad to which is : _
5 external terminal P3; the input signals can be prevented
from being distorted.

Figure 5 illustrates a second embodiment in
the audio amplifier circuit of Figure 1, i.e., illustrates
on’ an enlarged scale a portion of the seﬁiconducéor chip

10 of the integrated circuit, and the same portions as
those of Figufes 1 to 4 are denoted by the same
reference numerals. |

In Figure 5, the semiconductor chip
includes an earthing wire bonding pad to which is

15 comnected the reference potential of the input amplifier
circuit A1 and the drive circgit Az, an external terminal
'P3 which is connected to earth potential, a metallic
connector wire 13 which conneﬁts the'earthing wire
bonding pad 3 to the externally drawing lead P3, a first
20 aluminium conductor 9' which is connected to the
substrate, a wire bonding pad 3' for the substrate which
is connected to the first aluminium conductor 9' and a

metallic connector wire 13' which connects the wire

bonding pad 3' for the substrate to the external terminal



15 connected the reference pot enti al
"the drive circuit [err], an external terminal [err] P3 which is connected

g\ earth potential, a netallic connector wire 13 which connects 't he
thing wire bonding pad 3 to the externally draw ng | ead
rst 20 al um ni um conduct or 9'q4gMj ch is connected to the substrate,

w re bonding pad 3' for the substrate which is connected to the first

al um ni um conductor 9' and a netallic connector wire 13" which connects the
ing pad 3' for the substrate to the external term nal - 18-
B& wire bonding pad 3' to which is connected the substrate is

separ at ed fronlthe rthi,n bondi ng pad n t side and
on the output side, gﬁ 12 \g?%&?cgd?t oé? h“e’ﬁlgg?e%ga g?ﬁq%%a P3 via
the metallic connector wire 13'. Therefore, even when the o current of
the tranthet subgtgaite tlise sepasiatathpirom ck hejeapthing Wizks EEBG@%
nmetallic connector wire 16 and through the 10 external termnal [err]

the subspadke3pendnti ain dhes imputunslideoandront the, ontgutheiideputars gnal s

wire bo
[err] 3

are not
5

10

15

20

di storted.
is connected to the external terminal P3 via the metallic

connector wire 13'.

Therefore, even when the output current of the
transistor Q28 in the output ampl;fier circuit A3 flows
through the metallic connector wire 16 and through the
external terminal P, the substfate-pbtential does not
undefgo variation, and the input signals are not distorted.

Furthermoré, when the leakage current i flows

~from the pnp lateral tramsistor Q23 which constitutes the

output amplifier circuit A3 into the substrate, the
potential varies very Little in the substrate in the
region where the pnp transistors Q1 to Qa of the input
amplifier circuit A1 are formed, and “the input.signals
are prevented from being distorted, since.the.

substrate in the region where the pnp transistors Q1

to QA of the input amplifier circuit A1 are formed is
earthed via the first aluminium conductor 9', via the
meﬁallic connector wire 13' and via the external terminal

P, on the input side, that have resistances which are

3

extremely smail_compared with the resistance of the

[err} a

t he

s 0,
of. the input anplifier circuit A and

a

v



Fur!hé?ﬁbre, when the | eakage current i flows fromthe pnp | ateral

transi stor 23 which constitutes the output anplifier circuit Ainto the
substrate, the 15 potential varies very little in the substrate in the
region where the pnp transistors [err]Jto Q4 of the input anplifier circuit
A are formed, and -the input signals_are prevented from being distorted,
since the substrate in the regioﬁ'mh%ré the .pnp transistors Q 20 to 4 of
“he input anplifier circuit A are formed is earthed via the first

al um ni um subdteciate Yetwden tthe meegioncwhermeether prpr d ak2rznd via the
external termnal P3 on the input side, that have resistances which are
extrenely lg 3 ed Wi eghat e sthe o ; strate

bet ween t h§%§il§%@1mﬁe¢2@3 méerﬁ)én’gﬁ?%t%gl e?reaﬁg g'tbglr wherei ?}eoﬁgg and the
regi on where the pnp transi stors 0 are formed. In an alternative

f orm of apﬁFiaﬁlétlis%ﬁ,rse\@ns"‘:? QAVM %ﬂﬁmﬁﬂp transistor in the input
anplifier circuit Ais a lateral pnp transistor, variation in the substrate
1 potential is fed badi tan talterpativegnipsmhpf: ppldcadiiion, @yerritance
bet ween the base region and the substrate. By applying the principles
outlibed akhedr the pnp transistor in the input amplifier circuit

Ay is a lateral pnp transistor, variation in the substrate
potential is fed back to the input signals by the
parasitic capacitance between the base region and the

substrate. By appl?ihg the principles outlined abowe

10 distortion can be avoided.



. . . . | g % oy
10  distortion can be avoi ded. 20 CLAIMB. 1. A sefi conduct or
rtlegrated circuit deviece for anplifier circuits including: a
i conduct or substrate i-n-which . anplifier circuits are forned i-n an

eggmumr““uu m a first wire bonding pad which is formed on said
sem c 1 ESR! to earth at |east one of said anplifier circuits; _
an extetndl term nal which is'%é%hrated from said sem conductor substrate

and which is electrically connected to said first wire bonding pad via a
first cogﬂgg&gr; a second wire bonding pad which is forned on said

sem cond Substrate being separated fromsaid first wire bonding pad,
and which earths said seni conductor substrate; and a ,second conductor which
eIectric&LIy'connecﬁsSﬁﬂh&QﬂQﬂﬁﬁPﬁM#Qﬁ%ﬁﬁﬂF%@ ohpcubtsdryiset fora
termnal . 2. A sem conductor integrated circuit device for

anpl i fi eampli€ietrs cdrewidinddaluding? | , avbenitondacdodegubs titateher

I ncl udes an elenent formng region tor formng a pnp transistor that

const! LULASyAILH AMI'EiRl: Cildlides S2tdl POAHEA! 1hOBH BYckgEpRpe NG
formed in sard sem Co ndu

nductor substrate, and a third conductor which
I ricall n h m con r I | @ _whi.ch
el ect C%ir&u?.% I%%%ns, ' 3 £iTst Owi?'#é: t'gongfr?gtpg ewﬁxcw]J.% formed

on said semiconductor substrate to earth at least one of

said amplifier circuits; an external terminal which is
séparated from said semiconductor substrate and which is
electrically connectéd to said first wire bonding pad via
a first conductor; a second wire bonding pad which is
formed on said semiﬁonductor substrate being separated
from séid first wire bonding pad, and which earths said
semiconductor substrate; and a second cpnductor which
electrically comnects said second wire bonding pad to
sald external terminal.

2. A semiconductor integrated circuit device for
amplifier circuits éccording to Claini1, wherein said
device further includes an element forming region for
forming a pnp transistor that constitutes said amplifier
circuit, said element forming region béing formed in said
semiconductor substrate, and a third conductor which
electrically connects the semiconductor substrate in which
is formed said element forming region to said second wire

bonding pad.



. i s.f &l said-element formng region to sai re -bondi ng pad. <§£§j>
b

-21 - 3. A seni conductor -i ntegrated cir ﬁ“l anplifie T
circuits according to daim2, wherein said- am‘ “m ncl udes an-
e

output anplifier circuit portion and an i nput ruci fcuft portion
which is connected to the input §|de of said output anmplifier circuit
portion, and said elenment formng'region forns at |east: a portion of said
~¥nput anplifier circuit portion.. 4. A sem ¢onductor integrated

circuit dgyice for agpkimigbnaubedir %.n%%%%fﬂe’lﬂ dir @l raéua@ef@fn sai d
ext er nal tern1na| I's provided for earthi sai d output anplifrer circuit

portion. 5 conduct I_ntegrat |t device, for anplifier
circuits %B%?’E?‘ﬁﬁ ?@ré"gk M §°¢ gt"@ign té’al(‘gagﬂ?r %Fﬁﬁrha? *‘i provi ded -
for earthing said input amplifier circuit. portion.

seni condudRBEL %?Eg?hF%HlélFéﬁlﬂdﬁévﬁ@eOM&Pq%nﬂmﬁlkﬁlQﬁrQ&#%%léccordlng to
any one of the preceding Clains 2 t6 5, wherein-said third conductor is

eIectrica¢¢yti@nnandedntmnpatdamp&ifdnducﬁmmu@ﬁxﬁdfﬁibﬁrwhiﬁh*ﬂés-forned,
said elenent formng region, and is conposed of a
connected to the input side of said output amplifier-
circuit portion, and said element forming regioh forms |
at least a portion of said input amplifier circuit
portion. | |
b4, A semiconductor integrated circui; device for
amplifier circuits according to Claim 3, wherein said
extefnal terminal is prdvidea for earthing said output
amplifier circuit portion.
5. A semiconductor integrated circuit-devicé for
amplifier circuits according to Claim 3, wherein said |
external teminal is provided for eartﬁing said input
amplifier circuit portiom. |
6. A semiconductér integrated‘circuit device for
amplifier circuits accordiné to any one of the preceding
Claims 2 to 5, wherein séid thifd ﬁonductbr is electrically
connected to said semiconductor substrate in which is
formed said element forming region, and is composed of a
metal layer which is formed on said semiconductor'

substrate between the element forming region and said

second wire bonding pad.

«



E- 1 e
sai d seni conductor substrate between the

Iay
: ion_and said second wire bondi ng pad. *C L M 'S
2 - “ui“u I U H!lconductor integrated circuit device -  for
'-Ilfler ted substantially as herein described-wth

ref erence to and as |Ilustrated in Figures 2 to 4 or Figure 5 of the
acconpanyi ng drawi ngs. The text 22 ¢he Specfication has been reproduced by \J
phot ocopyi ng the applicants original typescri pt. It may contain a few
amendnents which are difficult to-read. The ori gi nal typescr
cont ai ni g /these amendheifmic @RS“%EP?n%BEQGEGtBﬁ Fﬂ@CH#Gmdéy é&k Pat ent
Ofice

amplifier circuits constructed substantially as herein
described with referenéé to and as illustrated in
Figures 2 to 4 or Figuré 5 of the éccompanying dfawings.

The text of the spoeiﬁ.aﬁ.an- has been’ reproduced by pho'toeowing the applicants oxiginal
typescript. It pay contain a few amendments which are difficult to read. The original
typescript containing these amendments may be inspected on the premises of the Patent Office



