o : 1y,
. 2053598 - 1 - "A voltage controlled variable gain circuit and a si j; £\~—/}
transnj ssion ‘circuit incorporating sane". The present invention ri& 3388
a®vektage contrplled variable gain circuit and a signal transm ssion : '
circuit®incerporating the sane. A voltage controlled variable gain circuit
is 5. shown i.n Figure 1 of the acconpanying drawi ngs in which the gain
I syvaried logarithmcally linearly i hctordance as the control vol t age Vc
- is Changed has been known as shown, for exanple, in a Japanese nmgazine

entitled NIKKEI ELECTRONICS (pp 118 - 140, . Novenber, 13,,.1978). 10,
I'n this knowha vebltggeceontsldlded #aeheblegalsy ARGl and ngesigRgLi nput

In this knowd, aIIdP U HITEFR| §aBA LS o P
nput ter i nal TN whi | 6 RSAASRIA & FRofLEC fkotbd=n CHIECERIET 0

earth. The oudfput [err] fromthe operational I5 anpliiter circurt 21
I's subjected to a level shift by batteries 22 and 23. Two vol t ages t hus
.Sshifted are appli-ed to emtter electrodes of PNP transistors [err] and and

~enmitter electrodes of NPMérg&-&is‘ézm sifh@éhtiofndellgitds tohe wiasagel eritrolins:
of the transistors [err] and [err] are 20 connected.to earth, whil st

the gain contjoliid YobiA98 s Yedst R’ 87s2gridl® d1A8furd SS16R%E R

incorporating the same.
A voltagé' contrblled Qariable gain circuit is
5 shown_in'Fiéﬁrg'l of the accompanying drawings in which
the gain is varied loga%ithhically 1ineérly in accordanﬁe
as the céntfol voltage Vc is chaﬁged has'been known as
éhown, for example, in a Japanese magazine entitled
NIKKEI ELECTRONICS (pp 118 - 140, November 13, 1978).
10 lIn this known voltage controiled variable gain
. circuit, the inverting input términal (=) of an
.6peratioﬁa1 amplifiér circuit 21 ig.connected to an

input terminal T, while the non-inverting terminal (+)

IN
is connected to earth.. The éutput Yl from the operational
15 amplifier circuit 21 is subjected to a level shift by
batteries 22 and 23. Two volééges thus shifted are
applied to emitter ele?trodes df PN? tra'nsistors_Q2 and
Q4 and emitter electroéés bf_NBF_transisto:s Q3 and Q.
The.base electrodes of the transistors Q, and Qg are

20 __connectéd to earth, whilst the gain controlling voltage

Ve is applied on the base electrodes of the transistors



N 2 - [err] and [err] Thus, the base-emitter connections of the"four,

ransistors [err] are forrned as a bridge circuit network between the * s
ircuit connection points [err] and [err]. 5 The‘collqctar,efgctrodes
of the transistors [err] and [er+] 2ame connected to each other afid also to
the inverting input termnal (-) of the operational amplifier circuit 2%~
The collector electrodes of the“transistors [err] and [err] are. \f
connected@%oandcﬂ ether and also to a load resistor [err]. 10 '
The rel ati Onship &etmeen the input current [err] and the output current

[err] in this known vghiggerk@Nbhgk-eaiitide dehiee®iord of rehet £68rgi ven
by the follow ng equation, provided that factors of the transistors [err]

such as err], (voltage differential befween base ;15 . and .
enmtter)- Eﬁ%%@%?ﬁse?zq]pu'rr 't?rﬁhﬁ’&a i%“fi%?g?:gslgﬁséus%ﬁ%%t?%ﬁweﬁh ent
[err], current anplification factor and so forth are equal. [err]

Ther ef or ebetweenutpet ciurowit ¢ennpctionipoipts2T,, T.J,od8giamdi Takly
linearly in accordance with the change of the cont}ol ol t dge Lerr?. Ve ,

i e Aoy deroass b bbb edeoes ) i 1
comnected to each other and also to the inverting input
terminal (~) of the operatioﬁalzamplifief circﬁit 21.

The collector eléctrodésbf the transistors Q3_and_Q4_are
connected to each other and also to a load resistor RL;
10 The'reiatidhship béﬁweén the input current.iin
* and the output cu;rént i a¢ In this known éoltage control
variable gain control circuit is given by the follpwing |
equatibn; provided th#ﬁ.factors of the transistors
Q - Q such as VBE(voltage'différential between ba;e
15 and emitter)-IE(emitter'current) charac;gfi;tic;
reverse saturation current 18 |

, current amplification
factor and so fdrth are equal.

fout q(-Vd)'_. o -
= exXp %7 o (1)

iin: |
Therefo?e;'the'outpﬁg current iout is changed
20 lbgarithmically'linearl§ in accordance with the change
‘of the control voltage V.. B -. |
We héye.found that wheh.this kﬁoﬁn.voltage__-

controlled variable gain circuit is formed into a semi-



conductor integrated circuit, the integrated voltage control variable gain
circuit, exhibits a‘high distortion factor because of the follow ng reason.
THe- Wavef or m of: .t he vol tages [err] at the 5 junction points [err] and
[err] in the circui®t of Figure 1, in response to the output [err] fromthe
operational anplifier circuit 21, take the sane phase, -as will be seen from
Figyres 2(a) and 2(b) of the accorfpahyTng drawi ngs. On the other hand, in

t he sem conductor 10 integrated circuit, the NPN and PNP transistors
are usually nmade in the formof,veytic type NPN transistor,.and | ateral
Fre PNp t GhRasesPT, dnrarraNad it 1200k . | ¥B] sinPekTARRL LIRS | curt - 1
-the formation of the vertical type NPN 15 transistor and lateral type

PNP transi scontirolaveniiableorghin wireniyrexbibitsca highs distostttigcmown to
those skilled in the art fromthe disclosure in United States Patent No.

3,197, 710 tpBgctBir Bee@isen off &%é)@&ii@wyﬁ%tfeaebntorning the P type base
regi on of vertical type NPN 20 transi stor and introduction of P type

i mpurity for formng tkﬁtega;%&?u 'téfrtﬁ%gvgf%gggovio Micrea)lcfg%e{ﬂ type ,

PNP transi stor are efféc aneous t ha?i tton of N

type_i rity for form.n err] t emtter region of vertical type NPN
YPhs P! idncRien pod s[Tl land "F,"fn the ciculc’of Figure 1, 'in

response to the output V1 from the operational'amplifier
circuit 21, take the same fhése, as will be seen from
Figures 2(a) and 2(b) of the accompanying drawings.
On the other hand, in the semiconductor
10 integrated circuit, the NPN and PNP transistors are
| usually made in the form of vertical type NPN transistor
and lateral type PNP tranéistor in a‘monolithic'semi-
conductor integrated circuit. |
In the formation of the vertical type NPN
15 transistor and lateral typé PNP ;ransistor in a semi;
conductor integrated circuit, as is well known to thoée
skilled in the art from the disclogure in United Staﬁes
Patent No. 3,197,710 the introduction of P type impurity
for formihg the P type base regibn of vertical type NPﬁ
20 tranéistor énd'introduction'of P type impﬁritf for forming
the P type emitter and collector of the lﬁter#l type_PNf_
transistor’are-effected Simultanéously. ” Also; the |
introduction of N type imﬁurity for'forming Nt type

N emitter region of veftical'typé NPN.transistor is made



simul taneously with the introduction of the N type inpurity for."the |
formation of [err] type base ohm c contact region of the lateral type*PNP 4
fransistor. It is, therefore, possible to forma plurality 5" = of .
‘vertical type NPN transistors and a plurality of lateral type PN®
transistors in a single sem comdickor integrated circuit by a conparatively
sinple method. On the other hand, in order to inprove various character-%

i stic paraneters .of the lateral type PNP transistor in 10 t-he -
‘i nt egr asésuditaneiousliy wikthoshe bintrodubtdiom » fhtlid i Bdtypeeinpurity PNP
transi stors having an inproved emtter injection efficiency by further

I nt rodugj ! VR LB *+arbigh ' It ; biet er
regi on. Eb&]'.'?'ktl:glePNP transil‘ét%fr algf gygigrg&??%éd;aﬁéliﬁcél)Sh@fog?b?he'

col | ector can _be forned usifg,. a substrate type PNP transistor which nmakes
use of gh@ 3aﬁﬁ&§¥nﬁ%ﬁﬁEﬁﬁfoFgénsgﬁgPﬁr integrated circuit as the
col l ector region. Therefore, the characteristic paraneters of a plurality

of NPN transistors Forked thereforascprssddbleo to faxmcaiplusaldty at a,
conpar atively high degree of accuracy, and simlarly, the characteristic

par anet gEsvertdcRllurtypd NP EhEnkiskairst and fLrpRicali teofnt egrat ed
~circuit conformat a conparatively high degree of accuracy. However, the

averagelgﬁaE%ﬁt%vﬁﬁjiﬂP tfaﬁkistqrs in a single semiconductor

integrated Qircuit by a comparatiﬁgly simple methbd,
On the othér_hand._in order to improve various character-
istic péraﬁeteré'of the lateral type PNP transistor in
10 ' ﬁhe_integrated circuit, it is possible to obtain a
' modified lateral type'PNP transistors having an improved
emitter.injéction efficiency by fur:?er introducing P
.type impurity at a high density into Fhe P type emitter
regioﬁ. The PNP transistor of a circuit type earthed
15 ét the collector can be formed using a substrate type
PNP transistor.which makés use of the P type substrate
of a bipolar integrated circuit_as_the collector region.
Thgrefore, the characteristic parameters of
a piurﬁlity of NPN transistors fdr@gd in the integrated
20 circuit conformlgt a c&mparatively high degree of
accuracy, and similarly, the characteristic parameters
of a plurality-qf'PNP_transisto:s fo;ﬁed in the
. integrated circﬁit cqnform at a comparatively high

degree of ascufacy. However, the average characteristic



paranmeters of a plurality of NPN transistors and a plurality of PNP
“ transistors do not ‘conformwith each other, because of differences in the
cdhstruction and the nanufacturing process. 5 . As the
exanpl es of.:disconformty of the charSictéeristic paramsters between the NPN
transistors and PNP transistors in the integrated circuit, it is possible
to {ist disconformties of characteristic paraneters which are quite '
i mpor t ant i npletenidtexdsrofla pluraditiytef SNBNCtremdistoser andi ag
resi stance rbb', forward characteristic between base and emtter (V -I
characteri sti | ro gy ' ' B s
e conmon- eni hqaﬂgu%%gn?éa?r%ﬂ ?’F(r:aglt%io%néé‘ggt g‘r’ grlir ]cocrlljftcf%?fwﬁzgqﬁgﬁgy [err]
and so forth. 15 Hkérmaknown,vol age control |l ed varia?hg
gain circuit ibpeaysecof diffexancRsi R Fhe GIRsSERECEigRs AR the
[err] is increased during the period of positive half cycle of the voltage
wavef orm [ er manmfidd teuringt peocessui t junction point [err] to permt a
col l ector current 20 [err] to flow through this transistor, whereas the,;
NPN t gansi stor [err] inckga ' ChEVHEEC [ negative
hal f ?ycle of the voLtagégmgégfgrn1Fepgf %gpP?fgﬁﬁféEEfﬁ?rggi?Bfunction

oint [err] t ermt fhe,collector current [err] ,to w t her et hr ough.
P [ ] é%é%acter{stic parameters beLwLen]the ﬁﬁﬁ trans?.storsgJ

and PNP transistors in the integrated circuit, it is
possible to list disconformities bf characteristic
parameters which are quite important in the bipolér

10 transistors such as basg spreading resistance rbb',
forward characteristic between bage and emitter
(VﬁE'iE characteristic, emitter dynamic resisténce.re),
common-emitter current amplification factor hFE’ cut-off
frequency fT and.so_forth.

15 | - In the known voltage controlled variable gain
circuit shown in Figure 1, the conductivity of the PNP
trﬁn;istor_qh is increased during the period of positive

T1 applied to the

circuit junction point T, to permit a collector current

half cycle of the voltage waveform V

20 i, to flow through this transistor, whereas the NPN
transistor_Q3 increases its conductivity in the period
of negative half cycle of the voltage waveform Vs
applied to_the circuit junction point T, to permit the

collector current 13 to flow therethrough.



“control |l ed variable gain circuit is constructed in the formof a .
sem conductor integrated circuit. The i nst ant aneous’ value of" the 5
collector current [err] of the EW%tJEHBIStOF " becones shal | ér than the
i nst ant aneous val ue of the collector current [err] of the NPN transistor -
[err], due to the discordance of the characteristic paranet'er between the/

PNP transistor and tfﬁéhf%ulb@ﬁ'éfﬁﬁféblgmgnaha1a¥%éd¥?ﬁ a%Qgtantaneous-

vol t ages of the p03|t|ve and negati've hal f cycles of | t age wavef orns

i§§§£6 The fol |l ow ng problens and di sadvantages occur when this known. voltage
®

[err] and er are I n cq. uence, hfllgstanta ous.values of
the waveP§& ﬁukneﬂprg' CONtHI LI ERFEFOLS BRdThositi ve
and negative half cycles are different. 15 The dlfference of wavef orm

of the octpeniduriseonstrustedsdn ttize pﬁem of ancsemigondaechakf cycles
produces, ‘across the load resistor [err], an output [err] having a high

distortignep & 0 Akl BY evqw'm@ﬁﬁhe i WAljé egECpRReS Which is

an even nunber tlnes as high as requency -of the fundanentall
e PR R 1. S R AN A e ema s

( ) o niggaigilgggnczﬁeei;itantaneous value of the collector
current 13 of.the NPN transistor Q3, due to the discordance
of the characteristic parameter between the PNP
transistor and the NPN transisfofs; even if the

10 instantaneous voltages of the positive and negative
half cycles of the voltage waveforms VTI and VT3 are
equal. In consequence,-the instantaneoue values of

ﬁhe wayeform.ofethe output current ioﬁt (= 13 + 14) in
the positive and negative half cycles are different.

15 The difference of ﬁaveform of Fhe output current iout
between the positive end negative.half cycles produces,
aeross the load resistor RL’ an outpue Vout having a'.
high distortion factor containing even higher harmonics
of frequencies which is en even number times as high as

20 the freqﬁency of the fundamental wave, as shown in
Figure 2d -

A distorted waveform i having smell'iﬁsﬁante
eneous value i <+) 6f positive half eycie and'lafge'
instaﬁtaneous vaiue 1”(i).of negative ﬁalf Cfcle.is |

6



Al
- 7 - obtained.. This distorted waveformi can be devel oped into a FouH<;ik)
seriessat follows. ~ It will be seen that this distorted waveformincl udes
even hi gher ‘harmonics. [ERR] .Japanese Patent Publication No. 101, 859/73
proposes two gain dontrol circuits enp?oylng di odes, the two circuits being
connected to both inputs of a differential 10 anpllfler to cancel the
i nf{uences of higher harnonics, in order to reduce t he hi gher harnonic

distortion, RABEAARar!Y ThY & (y§8%g5§'§&9 ek *”céﬁebQ'QQGeEBg@d

vari abl e gain CIFCUIt maki ng use errore, a techn

simlar to t 1 osed by the e-nmentiqned J ese Pate t '
Publ i cati on §%‘9£5‘§%1 segigs o%%dg?gigﬂlst'ed §t%t%fggg§nﬁeen that
Speci fication No 4 155, 047. According to the present invention there is
provi ded a vdih.’esgedrst:brhbldedvamﬁmbh einaludeisr @even Aigherchasmondesd as a

sem conductor integrated circuit |nclyd|ng 8 (a) a first operational
anplifier circuit haV|ng an inverstina 4 nput teQKhnaI -inverting input
term nal and an qut %?gﬁb aI dbﬁﬁ lﬁﬁbrgln t@+h?nal neg%lng out |,
of said sem con uct%k ed circuit to 2
2(i, =1i,,4) : . -
5 . - (=) (+) .[cos 2ot + M + e
3 - 15 -
- Wt _
+ M"' '000] seese (2)
4n2-1 '

Japanese Patent Publication No. 101,859/73
proposes two gain control circuits employing diodes, the
~ two circuits being connected to both inputs of a differential
10 amplifier to cancel the influeﬁ;es of higher harﬁonics,
in order to reduce the higher harmonic distortion,
particularly the secondary distortion, of the &iode in a
‘variable gain circﬁit making use of diodes. |
Eurthermore,'a'technique siﬁilar to thet
15 proposed by the above-mentiened_iapaneee Patent
Publication No. 101,859/73 is disclosed in United States
Patent Specification No. 4,155,047,
According t; thelpresent invention there is
provided a voltage controlled variebie gAiﬁ circuit
20 eonstruc;ed as a semiconducter integrated circuit

includings



ct as a first input termnal of said sem conductor. integratedncjr@u!t,
#/d non-inverting input ternmnal being connected to a reference potenty al

- o side said semi conductor integrated circuit; (b) 8, second,-operati ona
anplifier circuit having an 10 inverting input termnal, a hon-inwerting
‘input terminal and an output ternminal, =& d inverting input term nal —~
| eadi ng out of said sem conductor integrated circuit to act as a second \,

input termipal of SaiidSEHrORSLEbAL 1 RinRaAred £ CEEFELL ¢ ﬁ%ivq.ngj%‘rj nverting

input termnal 15 being connected to said reference potential tside said
sen conduct Ak erRlieY alffiCi tErhinalG) a nodfidvéro8h _Eﬁg}iﬁolteﬁﬁfitdaol“

connected to the output term nal of 'the second. operafion anplitier

circuit w ahiananaiothtyRid cewhiCAQL , | BReQr AR of {581 1nple 2@rha%aig an input

termnal, a control input termnal and an out put- termnal; saidinput
termnal beeagialgediut ot |9aL@nsent edniructdrd invegrabed BRWL W] Eal of

said first operational anplifier circuit within sard sem conduct or
i nt egr & edactrasi B, fYaist cionpuol tenmihalleror nadidesogiebnauetioged for
connection to circuits outside said senmiconductor integrated circuit to &ct
as a firstisbegreltednmitrdwrt] ned iof neai-d nvemtcingluthpati peeaiaagd circuit;
(d) a second gain control section connected to the out put term nal of
t he secondbgpegapp@macugqﬂﬁ¢i@rreference_potential outside said
semicbnductor“integratéd circuit; |
_(b) a second operational amplifier circuit_having an
10 inverting input terminal, a non-inverting input terminal
and an output terminal, said:inverting input terminal
leading out of said semiconductor integrated circuit to
act as a second input termihal‘of said semiconductor
ihtegrated_circuit, said non-inverting input terminal
‘15 being connected to said reference potential oufside said
semiconductor integrated circuit;
(c) a first gain control section connected tb the.
0utput_termiﬁal_of the second. operational amplifier
circuit within said semicohductor integrated circuit and
20 having an input terminal, a control input terminal and
an output terminal, séid input terﬁinal being electrically
connectéd to said inverting input terminal of séid first
operational amplifier circuit within said semiconductor
integrated circuit, said control input terminal being'
25 prdvided”for'connecti;n_to_circuits_ outside said
semiconductor integrated circuit to act as a first con;rol'

input terminal of said semiconductor integrated circuit;

(d) - a Second gain control section connected to the



‘circuit withi'n said senmiconductor integrated circuit and having an input <z;i£/
tq;ninal? a control input termnal and an output termnal, said input -
terninal. being ‘el ectrically 5 conpected to-said inverting input terninal of
.sai d second ‘operational anplifier circuit wthin said sem conductor

integrated circuit, said control input gecm nal being provided for

conmeéction to circuits outside said sem conductor Integrated circuit to act

Craurt (o) SOtBSEERAuIRAL, LIS R R A PPEF AL oI Bkt Fhver L1 ng
nver i ng | nptt” C4A HAEHE ik ottt EGRFyClaRnaarabar &b el febbhi ana” ¢
i corated ciTRUPEaRl AOFRE HOUHAL s oF “EoRRERY ARl e SEETohRE: ae

bei ng conneci ol Ta-Rara RErihal, Yt bl ofPTndEe Tt e B T Ty
o arroui e oot oe®88, ¥R Satd Mty ot TRRTLnPaOF Rl ot Y fAREEEbRET

-out put term nseht $8hd 15 AMpAGNHUGE %iééﬁ%ﬂfﬁ&%ﬂiﬁi SQUid ﬁ{{gj?co%dé‘cwy” h

operational anplifier circuit having an 25 inverting ter

non-i nverti ngir g agkdaed ralidl REid BEShPRbL $abYt Q\éq"rrﬁjixﬂ:-rgl i fothe
term nal being electrically connect'ed to said output termnal of sard
"second” gai rprORided Fee! icomnddtidh SBb dc $RALERRAWLIYT dNtEH @t ed-
semiconductor integrated circuit to act as a second control
10 input términal of said semiconductor integrated circuit;
;(e) . a third operational amplifier circuit having an
ipverting input_terminal, a non-inverting input term;nal
and an output terminél, said inverting input terminal
being electrically ;onnebtéd to said output terminal of
‘15 said first gain control section within said semiconductor
integrated circuit and being provided for connéction to
circuits outside said sémicondﬁctor integrated circuit,
said non-inveﬁting input terminal being connected to
said reference pétential outside said semiconductor
20 integrated circuit and said output terminal being provided
for connection to circuits outside Said semiconductor
integrated cibcuit to act as a first output terminal of
said semicbnducﬁor integbated circuit;
(f) a fourth operational ampiifier circuit having an
25'inverting terminal, a non-iﬁverting terminal and an output
terminal, said'inverting iﬁput terminal being electrically
connécted to said output terminal of said "second" gain

control section within said semiconductor.integrated'_



circuit and leading to the outside of said sem conductor |ntegrated
‘fcuit, said non-inverting input term nal being connected to said .
téference potential outside said sem.conductor integrated Cirowit "and sai d
output termnal 5 bei ng provi ded for connection to circuits out-$i de said

sem conduct or |ntegrated circuit to act as a second output termnal of saji~d -

sem conductor integrated cifrcuit; and‘(kﬁ = a fifth operational anpllfler\r
circuit having an 10 ‘inverting input termnal, a non-inverting input
termnal gRg¢citoWrnutléLdThaato $aied Juneidé ngri BREY semTidbdld el 6

provi ded for connection to circuits outside said sem conductor integrated
circuit tengelgrate optcontl, saRdt niow-imadrt ngt hapaenteenduei or o
|ntegrated circuit, 15 said non-inverting input term nal 'being connected
to said r eéeh@mmmd at ooshsdde eTairck rsani potdnctian ionitagidd eshid rcui t,
and said output terminal providing an external ternminal to.pernit either

t he connesemde orrdudi tsmonimtegoated sdirtditf tdndpeaiti ondlpuwtnlerfmiaralircuit
to the 20 inverting input termnal of the second operational anplifier
circhit. belwgIpﬂnnygﬁeﬁoatednnhamﬂgpt&ma@secoitsheu&badesmmmh :
conponents constituting the voltage controlled variable gain circuit
constructeamasqmiunﬁ@mnuwtearazsd ciimcapitated actcaist 2 setand er connect ed

as outlined above,
output terminal of sa1d semiconductor 1ntegrated c1rcu1t°

/

and
(g) a fifth operational amplifier circuit haVing'an

10 inverting input terminal, a non-inverting input terminal
and an output'terminal,_said.inferting input terminal
being provided for connection to circuits outeide said
semiConductor integrated circuit to act as an optional
input terminal for the semiconductor integrated circuit,

15 said non-inverting input terminal being connected to said
'reference potential'outside said semiconduCtor'integrated
circuit, and said output terminal providing an external
terminal to permit either the connection or disconnection
of said fifth'operational amplifier circuit to the

20' inverting inpnt terminal of the second operational
amplifier circuit. |

It will be apprec1ated that by the use of the above

seven components constltutlng the voltage controlled
variable gain circuit constructed as a semiconductor

25 integrated cirCuit and interconnected as outllned above,

| the problems and dlsadvantages of the known voltage
controlled variable gain circuits with regard to

waveform distortionslare'Substantially overcome.



the problens.-and di sadvantages of the known voltage controlled variable(il\—//)
gyﬂrnchr&uits with regard to waveform distortions are substantially

over cone. " The present invention will now be. described in greater detai
by way of exanple with reference to the remaining figures of the
acconpanyi ng drawi ngs, wherein:- Figure 3 shows a signal transnission
cir'Quit using a voltage controlled gaiﬁlcontrol circuit in accordance with
a preferred enbodi nent of the present invention; Figure 4 is a waveform

di agram show ng t he 12 waveforns at various.points in the circuit shown

n Figure 3; Figure frie grdddsti indbagiom ofid Gy oL yOLLAgEogonver sion
circuit; 5 Figure shows a signal transm Ssion Circuit
using an i nt eqpapdacald aanLONtEP! hed ¥R edllnfp10aim Gl reukd randecepnect ed
to an external circuit network in a first configuration of connection;
Figure 7 showghanekhRriningati diPéSb8StAR accompanying drawings,

wherein: - |

5 Figure 3 shows a signal transmission circuit
using a voltage controlled gain control circuit in
accordance with a preferred embodiment of the present

invention;

Figure 4 is a waveform diagram showing the



- 10 circuit using an integrated-voltage controlled variaple gain-circuit

g anot her enbodi nent, connected to an external circuit network connected ™
-eﬁ'accordance with a second configuration of, connection; and Flgures 8, 9
)*ﬁ 10 show al ternative 15 enbodi npents of the invention. Referting first
to Figure 3, a first gain controlllngssectlon VCA equi val ent to the knowar~
vol tage control.circuit explained in connectlon wth Figure 1 is arranged’

ina first si n bet ween ap np ter nal TIN.and output *
e i al (S ES s L B8 Neiaie  poTnb S ah Fhe, marculthahoron i noot
termnal TIN and the output termnal [err], in paraIIeI mﬁth the first
signal |irRigure 3p second gain control section VCA' having an |nput/output
transmtting characteristic. substantially equal to-that of the first

gain control section )3‘ I%os)nfgcheg]_lrg dilte d;.ﬁ%\&nsbﬂnﬂ chriederr]. The

- first and second gain control sections VCA an are controlled by the

control voltage Vc applied to a, control termnal Tc. The galn
[err] isi?ﬂjﬁké ggﬁqﬁiﬁﬁlﬁ%FEBﬁPPol voltage Vc is applied. On the,

contrary, the gain is |owered as a positive control voltage Vc is applied.

Thé circuit arrangeneFigame dpeshowsnaofsigmal i tsansmilsshiers edamibii n

control 10 sections VCA, VCA are not described here, because they
using an integrated voltage controlled variable gain c1rcu1t

and connected to an extermal circuit network in a first
configuratidﬁ of connection;
” Figure 7 shows another signal transmissioﬁ
10 circuit using an integratedivoltagg controlléd yahiable.gain_
circuit of another embodiment, connected to aﬁ external
circuit network commected in accordance with a second
configuration of commection; and
Figures 8, 9 and 10 show alternative
| 15 embodiments of the invention.

Referring first to Figure 3, a first gain
controlling section VCA equivalent to the known voitage
control. circuit explained in connection with Figure 1 is
arranged in a first signal line 11 between an input

20 terminal T and output termiﬁal T

IN oUT"

line 1, is comnected bétween the input terminal TIﬁ and

T in parallel with the first

A second signal

-,

the output terminal T ou

signal line 11. A second gain control section VCA'

.having an input/output transmitting characteristic



are mat erially. identical to those of the known circuit shown in Fi gur

reerhor R S connected between the input termnal TIN and the invertrng
ifput termnal- (- ) 15, of. the operational anplifier circuit 21, in the
first: signal line" [err] Therefore, the following relationship is

est\ﬁlrshed between the input voltaﬁe VIN and the input current [err]
flQwi ng through the first gain cont section VCA. [ERR] In order to
obtain a | ow distortion factor, i's desirable to maintain the |nput

cur e (o Slndtalsh ke i, ete st F e FLeSEDERIR. Bkt aR o) 1

inverter circuit INV.is connected between the input termnal TIN and the
i nverting i sg@ttienr WCAals cpnaected dgerthe oseg¢ondpsignel éiﬂ@uﬂt-Zl in

the 5 second signal line [err]. The inverter circuit INV |s

constitut edriy Adrspeanti sedond @aii Qiomf@vléeééioﬁs VAU ankde ¥1GH 'or [err]
connected to the |nvert|ng |nput ternrnal and a feedback resrstor [err]

(-)

o or der Sﬁ%ﬁégr%s%%i* ér S DR GHE NI L BoE RERTLRR, £ e

;g\é t\%l ﬁg‘zc#ui‘% one ,Ithhe rafns‘;&r]; éerrksangc[:%rars]e‘{mve an
a negative control voltage Ve is applled. On the
contrary, the gain is lowered as a positive eohtrol
voltage Vc is applied. The circuit arrangemenﬁ and
operatiaﬁ of the first and the seeond gain control

10 sections VCA, VCA' are noﬁ described here, because they
are materially identical to those of the known circuit
shown in Figu?e 1. | |
A Tesistor R .. is connected between the

input terminal T., and the inverting input terminal (-)

IN
15 of the operational amplifier circuit 21, in the first

signal line 1,. Therefore, the following relationship

is established between the input voltage V... and the -

IN
input current iin_flowipg-through the first gain control

section VCA.
20 | v
: IN
iin = ~
100|

veose (3)

In order to obtain a low distortion factor,.
it is desirable to maintain the input current i,pata |

low level. It is'thérefbn% desirable to select the value



of " about 50 Kohns. Therefore, the operational anplifier circuit 15 . ., 24

pr ces at its output a signal voltage of an inverted phase to t he i nput ®
1% e [err] and of the sane anplitude as the latter. A resistor [err] s
C ected between the output of fhe operational anplifier circuit.24 and

the 20 - inverting input term (-) of the second gain control sectiom-
VCA'- and has. a val ue of resistance value equal to that of the resistor w/

Cont o 9BLEBTSGARES, I ind 4 Erbeb8 R ol kOIS JHUK OB00 "oBgRT 97 11

_ I nver sé0Phase to e rnput cureent [err]
flow ng through the first gai'n coptrol sectiqgn VCA and of the same anpli -
tude as the Iatter.HR%%RMﬁ?Qﬁrt%ngH¥EUEN§u3§eﬁPﬂR99ﬁ34rQﬁFVﬁSnS E
- first gain control section VCA has a waveform of a high distortion factor,

due to dtheoirdpute tefrutimall bhewtawvetritd dg°N dputn stetminahd t he PNP
transistor, as shown in Figure 4(a). The voltage waveform[err] and [err]

)
at the 10.) ofl YRa! oo ftrtal Cipl 28dekeEilrc¥ittl IE1 Spodegai n control

section VCA' have inverse phases tb the waveforns [err1 andT3 at the p
J§nction PoLRES s %&ghif¥%éei£1 Ofné"Enbetier circuit INV is
constituted by an operational amplifier circuit 24, an

input resistbf R101 connected to the inverting input

terminal (-) and a feedback resistor Rloz'éonnected-
between the output and the inverting'input_terminél (=).

10 In order to make.the Qditage gain between the input and
output of the inverter circuit INV equal to one, the
resistors R101 and Rloz-have an equal value of resistance

of about 50 Kohms.
Therefore, the operational amplifier circuit
15 -24 produces at its output a signal voltage of an inverted

and of the same amplitude

phase to the input voltage VIN

as the latter.
A-resistdr R'100 is.connécted between the
output of thé operation;l amplifier circuit 24 and the
20 inverting input terminal (-) of the second gain control
section VCA' and has a value of resistance value equal
to that of the resistof R | .

100°

Thefefo:e,-the 1nput current i‘iﬁ

flowing
- through the second gain control Section_VCA"has'én



gai n, control- section VCA, and anplitudes equal to-those of the latter. méé;}i//
Tﬁerefo?e, in the second gain control section VCA', the NPN transistor >
[ criases its tonductiyity in the period of negative half cycie of the
waveform[err] to permit the collectqr current [err] to flow therethrough,
while the PNP transistor [err] incr¢ﬁ§es 20 its conductivity in the
peglod of positive half cycle of the voltage waveform[err] to permt the
collector current 4 1o flow rethr h...The, output,cukLren err}. from

t he second Yﬁrﬁﬁnﬁ‘ﬂfesg& ftg% mu%g%su%&lﬁvbj_netf})ﬂgéggr gp%f’i"&#‘to t he

16 output current [err] fromthe first output control section VCA The
charact eri sthe fhrakegein epntmelNmeatianiiChrandcof] thed sgmer lampli-he

- second gain control section VCA are materially identical to the
charact eri stude Sas thepdagtergrs of the NPN transistors [err] and [err] in
the first gain control section VCA Al so, the characteristic paraneters

“of the PNP transistors S akn cogLral ction
VCA' are materially i dté(ﬁ{af‘gg?ﬂgd tﬁ?gsceg%éﬁlﬁue%g??a%eut gtrrgﬂx t-j.x(;l%nd of ,

the first %?, ggin control, section VCA. Therefore, the collector

curr®ent [erk3Tsh gainnpRREERdsisechians YGA ihaeracwarafarmepk: imokigh  he

col l ector current [efr] of the NPN
distortion factor, due to discordance of the parameter

between the NPN transistor and the PNP transistor, as

\ shown in Figure 4(a).
-I.
Ty 294 Vg
10 junction points Tl' and T3'.of the second gain control

The voltage waveform V' at the

section VCA' have inverse phases to the waveforms VT1

1 and T3 of the first

gain control section VCA, and amplicﬁdes equal to those

and VT3 at the junctioﬁ points T

of the latter.

15 ) Thereﬁore; in the second gain control sectidn'
vCca', the.NPN transistor Q'3 increases its conductiviﬁy
in the.period of negative half cycle of the waveform

V.TB to permit the collector current i', to flow

3
thérethrough, while the PNP tramnsistor Q'a increases
20 its conductivity in the petriod of positive half cycle of

the voltage waveform V', to permit the collector current

T1
1'4 to flow therethrough.
- The output current i'out from the second gain

control section VCA' has an inverse phase relation to the



transi stor and has an anplitude equal to the latter, while the collegtor

“(iggizent [err] in the PNP transistor 15 [err] is in inverse phase 8

tion to the collector current [err] in the PNP transistor” [err] and has
sane anplitude as the latter. In consequence, the output current [err]
f.rom the second gain control secq n VCA has a waveform 20 as shownTn

Figure 4(b). This output current [err] is applied to an inverting input_\g

termnal (-) ‘of an operatlonal anplifier. circuit 25 in a current

subt r aCtd@ﬁpﬁtrﬁuri:eﬁﬁCl A fronglletek ££8881 outPut contrwlnesseriont ween
t he out put and the i nP&% i ng |nput (-) of the operatlonal anplifier

circuit _ | So p mﬁap anpllfler
circuit is gl ven %H-ttaﬁ\eegtxtg] oW %&e“g% %g% -Q g’r% resistor is
“connect ed bet yween t he,out gf th eration ifier rcuit 25 and
t he inveF??%@*gﬁﬁﬁF ﬁéqm4$§ Q-3 Qﬁaéﬁ#cﬁﬁﬁﬁPaoﬁéggaﬁ&qqq circuit 26.
The -si gnal currentAEerr] flomrng t hrough 10 the resistor [err] is

det er nmi neek bionh¥CAJ| larei m;ﬁankalkyrid@etltaklMOeﬂHQEQhanaptﬁrietictan¢e
of the resistor

S parameters of the NPN transistors Q1 and Q3 in the first
gain control section VCA. Also, the characteristic
paraneters'of.the PNP transistors Q'é and Q', of the
second gain control section VCA' are materially identical

to those of the PNP transistors Q2 and Q4 of the first

10 | gain control section VCA. Therefore, the collector
current 1'3 in the NPN transistor is in ihverse phase
relation to the collector current i3lof the NEN
transistor and has an amplitude equal to the latter,
while the collector current 1'4 in the PNP transietor'

15 Q'4 is in inverse phase relétidn'to the coliéctor
current'i4 in the PNP transistor.Q4 and has the seme
amplitude as the- latter. | |
| In consequence, the oﬁtput current i' .

| fron the second gain.contrdl"Section VCA' has a waveform-

20 as shown in Figure 4(b).

This output current iﬁout-is applied to an
inverting input terminal (-) of an operational ampiifier
circuit 25 in a current subtraction circuit CSC. A

feedback resistor R103 is connected between the e#tpﬁt and



[ers] is selected to be equal to the value of resistance 15 of the
resistdr [err], the value of the signal current out is in inverse rel atiof:
#or ;Ee out put ‘current ferr] fromthe second gain control section VCA', as

sho I n Fi-gure 4(c). A signal current [err] which is the sumof the 20
output current [err] fromthe first—gain control section VCA and the

siggnal current [err] in the reS|sk R104 flows through the terminal
[err] of the inverting input (-) 18 of the operatlonal anplifier circuit
26 of a cu o ¢ﬁp&y St £iBg ed NE positive
hal f cycleegg ?ﬁ?gkgﬁgﬁhﬁ' urrz%?y[errfyé ?%éasﬁﬁlo gﬁlé%tor 5

current [er f e NPN.transistor d th Iector curre [err]

of the PNPCH"SHS ﬁgr‘ [ey’h B i R Y‘%ﬁtéé?aggs 8 S$h& ’?Q}'g eis

the sum of the collector current [err] of the NPN tran5|stor [err] and the -
col | ector empléfiiefreciresrit S AP givemi byothgefolllowdng As
has al ready been described, the anplitudes of the collector currents [err]
and [err] eqaagﬂbggantially equal to each other, and the anplitudes of the,
collector currents [err] and [err] are also substantlally equal "to each -

ot her. Therefore, the anplitudes of 15 positive and negatlve hal f

1
cycSes of the sVgaak R,oaed' o | cecsase (4)

A resistor Rioé_is connected between the
output of the operatiopal amplifier ;ircgit_ZS and the
inﬁerting‘input terminal_(-)'of'an operational amplifier
circuit 26. The.signal current i"out_flowing through

10 the resistor'R

104 1s determined by the following
eduation:- |
- st | R103, 'ii_' EE s .
Out- = . out D NI IS I A Y )
R R - . _ .
104' 104

Since the valﬁe'of-resistance of the resistor
R104 is selected to be equal to the valué-of resistance
15 of the resistor R103; the valﬁe of the signaludurrent

i is in inverse relation . to the output current i'

out out

from the second gain control section VCA', as shown in
Figure 4(c).
A Signal current.IOUT.which is thé sum of the
20 output'chrfent iéut from the éirét gain contiol section
VCA and the signal current i"out in the rgs;sgo: R 06

flows throughlthe'éefminéiffs of the invertiﬁg input (=)



T

so that it is possible to obtain the signal current [err] havrng a
S distortion factor. 20. ' An_out put volst age given' by t.he
follomnng equation is obtained at t he output termnal [err] of the«tircuit,
because of the presence of a resi{®or [err] connected between the output .~
terminal and the inverting input termnal (-) of the operational anplifiend
circuit 14 26. OQUT 105. QUT_A frequenc characteristic which is flat

ct [err] are substantially equal to each other as shown I n° Fi gure
4

over a wiethecqperationale amplibfies: ainsyity o0k @ itrLTent capacitors |

C103 and C105 each having a val ue of capacitance of about 30 pF (at |east 2

PF) in pasdthge vonver¥iowxbiteubtRIVE.and RI05. A peaking will be
generated at a high frequency range unless t hese capacitors are provided in

the circuit. Thi s meak roud%f giQag%pﬂalﬁ)éigiée@fage of high

frequency current flow ng I'stors and [err] via a .
ol cot r odEBLst StgBal, [e[saH”‘“s%SS?SrE SHffy Oforie (QLLSHEST  and t e,
Spit s e i ) e o contr
collector current ih of the PNP transietor Qa; whilst
the current-of the'negatiVe'cycle is the sum of the
collector current 13'of the NPN transistor Q3 and.the
cdllector'curren't.fi'A of the PNP transis tor Q’a.
10 S As has aiready been descrited: the amplitudes
of the collectar currents i, and'i'3 are sutstantially'
equal to each other, and the amplitudes of the
:collectqr currents i, and i', are also substantially
equal to each other. Therefore, the amplitudes of .
15 positive and_negetive half cyclee'of the signal
current I ... are substantially equai_to each ether as
shown in.Figure 4(d),_so tnat it ié possiblelte ebtain
the signal cufrent IuUT naving a small distortion |
factor. | | | “
20 . |  An cutput voltage giuen by the follouing _
equation is obtained at the output terminal.T - Of the

OouT

circuit, because of the presence of a resistor R105

connected between the output terminal and the inverting

input terminal (=) of the Operational amplifier circuit



t he conpensati-on capacitors [err] and [err] provide bypass paths for ‘t %23,'
Bigh-iﬁequency currents, the peaking is elinmnated to perm.t the frequ
haracteristic.to. becgne flat.  Instead of applying the control voltage
Vc, it ispossible to apply a voltage -Vc of the reverse polarity to the
base el ectrodes of the transistors [err] and [err] and [err] and [err]- 5

Fillire 6 illustrates an enbodi ment of the present invention applied to a
monol i t hi ¢ seni conductor integrated circuit. Al'l of the elenments shown
within the broken line IC are forned:-on-a silicon chip. In particular,
the NPNtransistors and the PNP tranff\stors 1o are forned so as to have
known vertical and | ateral. type constructions. In Figure 6, the same
reference nunerals are used to denote the sane circuits or circuit elenents
to those shown in Figure 3. Ref erence nunerals within circles show the

termnal Nos. of the integrated 15 circuit. In this enbodinment, the circuit
net work outggde the integrated circuit is connected in a first _
configuration of connection, in order to obtain a small distortion factor. ,
20 An operational anplifier circuit 21 is connected in the first

si.gnal line hvaU%eémggggjx%ﬁgput' ,........(6)

A frequency characteristic which is flat over
a wide frequency range can be obtained by commecting
5 capacitors C,,, and C, each having a value of
capacitance of about 30 pF (at least 2 pF) in parallel

with the resistors R,.., and R

103 105°

generated at a high frequency range unless these

A peaking will be

capacitors are_provided in the circuit. This'peaking

10 is attributable to the leakage of high frequency current
flqwing through the resisto:s R103 and'R105 via a stray
capacitance Cg (not greater than 1pF) between the
collector electrodes of the input transistors Q and Q2
(Ql' and_Qz') and the output tramsistors Q, amnd Q,

15 (Q3' and Q,') of each gain control section. = Since
the éompensation capacitors C103 and °105 provide 
bypass paths for the highrfreQuengy currents, the peaking
is elﬂminated.to permit the frequency characteristic to

become flat;



and output terminals [err] and [err]. Theoper ati onal anpl i fier crrcurt
21 is constituted by differential pair transistors [err] and [err], * ]
.g@Qstant current transistor [err] current mirror transi®tors [ernr] and
r)], transistors [err] and [err?tfonnected in Darlington configuration,
gonstant current transistor [err] and a level shift resistor [err]. The~
pase el ectrodes of the constant current transistors [err] and [err] CareNE
control l ed by a bias voltage generated by a constant vol tage and current
regul ator 27. The regulator 27 i.s constituted by transistors 10 [err]
"and resistors [err] and operates to adjust various biasing voltages and
biasing currents in the integrated circuit. The base el ectrode of the

transi stor [err] i s connected_to o e.end f t{€h§F§%Stor [err] through a .15
termnal 1 as therriRﬁﬁ?%@ Pﬁpﬁ?p gﬁﬁﬁuﬂ e operational anplifier

circuit 21 tor elec des the triansigtors [err]
and [err] g?igﬁ%%f %’g% Bﬁg ?e q fP Yﬁé‘ttﬁ%ee ‘?g +$ode of the
transi stor i's connected to earth through the 2 terminal 2 as the

non-i nvert Fhg reyersepolarity) tor the hasee ael Gﬁ&EQﬂﬁﬂ|Qfeﬁ ircuit 21.°

Since a constant current flows in the collector of the constant current

t ransi st or trhAkhktord Qo|éﬁQeQ gﬁaIsQ eramdaqQd’l.err] of the same phase
but different |evels arezgenera ed at respectiv

5 Figure 6 illustrates an embodiment of the
| presenﬁ invention applied to a monolithic semiconductor
integrated circuit. All of tﬁe:elements shown within
the broken line IC are formed on a silicon chip. 1Imn
pa:ticulaf; the NPN transistors and the PNP transistors
10 are formed so as to have known vertical and lateral
type constructions. In Figﬁre_G; the same reference
numerals are used to denote the same circuits or circuit
elements bo_these shown in Figu;e 3. Reference numerals
within circles.show the terminal Nos. of the integrated
15 circuit.
In this embodiment, the circuit network
outside the integrated ci:euit-is connected in a:first_
configuraﬁion pf‘connection, in orﬂer-to:obteiﬁ a small
dietortion fastof. o | |
20 . An operational'émplifiér'circuit Zi is
connected in the first signal line 1, between the input

and output terminals TIN ?nd'TbUTé 'The .operational



22 ends .of the.level shift resistor [err], and are transmtted to the

junctipn-points [err] and [err] of the first gain control section VCA 9

i the case of-the knopn circuit, the 5 first gain control section VCA -

has four bridge transistors [err] and [err] connected between the four

junction points of the circuit. Ser%f§ connected diodes [err] [err] and

[em%) are connected to the emtter IO el ectrodes of the four

transistors [err Since the A,C. resistance, of these series_connected
dhEtezanti

di odes supﬂ¥@%%1%iﬁxv%i?ﬁ@étggﬂniﬁoFQﬂﬁ?#ﬁHEﬁg t geRkiale@ade t he -

base el ectrodes of the four transistors [err], it is possible to obtain a -
hi gh 15 tténx&&tévaniéeandtQﬂ.,Eachqnsnantﬁcumméa$ transdsedrdi odes
together with its associafed tra di'stor make up a chain of four transistors

cont ai ni ng g hr e EALAEAAPLEbE" %:%9&1%{4\‘@%&%&8 Oy Efahlidsthird S

possi ble to'kdtain a goo mat chi ng 103 t age- CléT ent aracteristics

~in the forward digection between the _grqups, irres tive of the dispersion
of char act\fgfj_s;t p Iefrr‘é?Bchﬁth 2 i%%t%?@ggmrpﬁ Prafsi stors in,

the integrated circuit. The distortion factor of the output is further
constant current transistor Q17 and a level shift resistor

Ri. The base electrodes of the constant current tramnsistors
| le,and.Q17 are controlled by a bias.voltage generated
by a constant voltage and current regulator 27.
The regulator 27 is constituted By transistors
16 'Q18 _.st and resistors Rz, R3 énd operateé tg édjust
various biasing voltages and biasing currents in the
integrated circuit. | |
The base electrode of the‘transistor Qld is
comnected to one end of the resistor'Rloo tﬁrough a
15 terminal 1 as the.invertiné'input ﬁerminal (=) of the
operational amplifier circuit 21, as well as to the
collectér'electrodes of the transi;tors Q and Qz of
the first gain control section VCA. The'base'eléctrode '
of the transistor Q4 is connected to earth'through tﬁe
20 terminal 2 as the non-inverting input terminal (+) of.the
operational amplifier circuit 21. Since a cdnstani |
current flows in the cqllectof of the constant.éurrent

transistor Q17, two voltage signals VT1 and V.., of. the

T3
same phasg but different levels are generated at respective



@duced by this matching. I n general,. when an equival ent di ode constjtuted
"N pieces of NPN transistors is connected in series to each of emttler ®»
ectrodes of the PNP transistors, an equival ent- di odes constituted by (N 1)
i.eces of NPH transistors and one PNP transistor shoul d be connected to the.
emtter electrode of each NPN tpglsi stor ~and @B. The base el ectrodes .of
the transistors [err] 10 and Terr] are not directly connected to t he™!

juncti OQ&E!;E'G'@E [lﬁ{é]leﬁgdgﬁgfha§§f§|s%tf qdes ﬁ{dtgfet ransi stors [err] ‘and

are not y “Connec the junctionIoint [err]. Level shift
transistors [err are connected,.to the hase, el ectrQdes_of.the transistors
[err]. tnm%&ﬁéefk to thee Bans'QP ?ﬂ%ﬂ i ?[dns‘?% ofg ?f'ne-}:gei s a danger -
that the gain control is not achieved conpletely. If these |evel shift

t ransi stfdmstargaioricantrahdseasionh¥Cgui val ent di odes constituted by N
pi eces of transistors are connected to the emtter of each 20 bri dge

transistor [err], Ad&ejgophéota¥e! bFItHeeWdovieceEs@ait]OEhabtaining a
-1 0dB change of gain between input and output sides is given by the /

Gol | ow g SV YA confFél section VCA has four bridge transistors

Ql? Q2,-q3.an¢ Q4_conpected between the four junction
p&ints of the circuit.

'Seﬁies cépnected diodes Q,g - Q31,.Q32--'Q34;
Q3.5 - Q37 and Q38 - Q40 are connected-to the emitter

10 eiect:oées of.thg four transistors Ql_- Q,+ Since the
A.C. resistance of these seriesléonnected diodes
suppres$ the voltagé gain for the noise voltages

generated at the base electrodes of ihé four
transisto?s_q1 f'QA, it is possible to obtain a high

15 signal-to-noise ratio.

Each groﬁp of seri§s connected diodes together
wiﬁh its associated transistor makélup.a.chain of four
transistoré-coﬁtaining three NPN transistors and one PNP
trdnéisto:, so that it is possiblé to obtain a good

20 matching of voltage-current characteristics in the forward
difeCtiqn between the groups, irrespective of the
dispersion of_cha:acteristic parameters of the NEN

.transistors and PNP transistors in the integrated circuit.

- The distb:tién:féctor of thé output is further



Suppqse that the nunber N of transistors is four, the above-nentioned
cont ro| vo]tage I s"about 150 nV/|1 QdB, so that the control voltage has toégéga'
cManged within-the range of between 1.8 and 2.1. volts for 5 obt ai ni ng

a charge of:.gain over -120 and -140 dB. On the other hand, the D.C
, potentials of the collector electrq§%§ of each of the bridge transistors
- ,are substantially equal to ear potential, so that the transistor

S rlven tg. t a y such 10 @ a large control voltage
and, in sonk® 9§§8§ %ﬁrg%ﬁﬁpF%ﬁgggﬂ§£1arge current flows through the base

junction of the transistor QL Assune that such.a Ievel shift transistor is
omitted, a positive codfy @engrakgavhenaneguivalgni,diede s which is
nore than twi ce of the forward voltage of the collector-base junction, is

~applied to tbaskitatededy Mpidcddcof rNPNi transfistolrs dis tcvamedieed
base-col l ector junction of the -transistor [err] and the coll ector-base

junction of 4hNge}Sice Wadi'dd fc@éfs§ﬂeeerbaasf YENaE ENECt i on. 20

Due t.o the or war iasing o ase coll'ector junction of each of the ,

oot or o ehebnoat Lt ooy SEARE" SLAYS! XohahaEBet sepreftyy {1002
t he base-col |l ector junctions of these transistors [err] and [err]. '
pieces of NPN transistors and onme PNP transistor should
be connected to the emitter electrode of each NPN
transistor Q1 and Q3.
The base electrodes of the transistors Q1
10 and_Qajare not directly comnected to the junction point
T&’ and the base electrodes of the transistors Q2'and
Q3 are not directly connected to the junction point Ti;
N Level shift transistbrs Ql’1 - Qas-aré connected to the
base electrodes of the transistors Q1_--Q4. Without
15 these level shift transistors there is a danger that the -
~gain control is not achieved completely.
| 1f these level shift trénsisﬁors are omitted
~ and that the equivalent diodes constituted by N pieces
of transistors are.connecﬁed to the emitter of each
20 . bridge transistor Q1 - Qh' ;he control voltage Vc neceésary
for obtaining g.-lodB éhange'of gain between input and
output sidg§ is given_by the following equation:-

KT

Ve = ';—-x (N + 1)103 10 —= 10

20



wilarly, if a negative control voltage of about -1.8 volts i's-applted,
1&- atively large D.C. currents flow through base-collector junctioms of 4
g transistors [err] and [err]. The termi.nal voltagge at the 5 : '
ction point [err] is clanped at a voltage level of 1.8 volts or -1.8
volts due to the flow of such céﬂﬁaratively | arge D.C. current, so that i+
becones inpossible to achieve a further gain control. The | evel shift L

transistors Q41 0 n [ e . velLtage which
limts the control %geb?ean%%ggf gﬁﬁeﬁ%}‘ sﬂgq{ﬁgﬁltﬁ%f%?g?grg%ce bet ween
t he maxi_nmum gain and m ni mrum gai n can be _increased., A conparatively |arge
const anfousnr &he @bone-menbipnedsopatrpli vodtags ke 2BeREandOcurrent

transistors [err] are connected to the |level shift transistors
[err] mV/10dB3ndd ethdt e contredt voltage Hdsvemdbe hehangedhese
constant current transistors [err] can be set by the bias 20 current

- 11 owl NOyh Bhit e chedtorigd o B8 Ehedfid 1 8f %-z.ﬁh.U%oe sPEegItling a

conparatively large constant current thr the lev ‘transistors,
§or 1) BBRSR s habled " QM VAR AL X P 0 S BB
PS¢ ol Eie other hand, the D.C. potentials of the collector
electrodesaqf_each_of the bridge t:ansiétors Qi -'QA are
- substantially equal to earth potential, so that the
transistor Q1 is dri#en to thg s§tgratian-region by such
10 a large control voltage and, in some ﬁases, a domparatively
| large current flows through the base junction of the
transiétor_dl.
Assume that such a level shift transistor is
omitted, a positiVe contrdl-vol:agg Vc of about 1.8 volts,
15 which is more than twice of thé forward voltage of the
coilector-base junction, is applied to the base eléctrode
of the transistor QI’ so tha; the base-collector junction
of the transistor Q1 and the coilector-base'junction of
the transistor Q, are biased in the forward direction.
20 Due to the forward biasing of.the-base-collector'junctioﬁ

of each:of.the transistors_Q1 and QZ’ a comparatively

large D.C. current flows from the junction point T, to

earth via the junction point_Tz,_and the base-collector

junctions of these transistors Q and QZ'



and [err] through the termnal 3 of the integrated circuit and a resi st
circuif rnetwork [err]. The inverter circuit INV arranged inthe 5

s®cond signal line 12 js constituted by an operation anplifier circuit 24,
an knput resistor [errﬁ and a feedback resistor [err]. The operation
anpl.ifier circuit 24 is constitute differential pair transistors [err]
anqh;err], a constant current tran or [err], current 10 mrror

trafsi stors [err] and [err], transistors and connected in Darlington .

configuration, idling Gimidriagj Ubfi adndgatdtve bontkodn&dltidde &Fconstant
current transistor [err] and push-pull output transistors [err] -and

connect ed t808HE 1o SOV B RN 2 GpBarb EvELY 2k D1 o (ne

non-inverting input termnal (+), of the operational amplifier_circuit 24.
The out put FREFEDAS éﬂ%tqwzla@wﬁ@fiessem jupctions of Ehginected to
the junction between the resistors [err] and R102 through the term nal 5.

The ot her ettanbistteorseq.stand [%a:] i Theobeemindlt bodigipe ket tethari nal 6 of
the integrated. circuit t the base electrode of the transistor [err]

8, IHL R BB T Y | ol a1 B vk kP 0Tl
' 1.8 volts or ~1.8 volts due to the flow of such |
comparatively large D.C. cﬁrrent, so that it becoﬁes
.inpossible to achieve a further gain control.
The lével shift transistors Qq -'Ql‘8
10 conveniently enhance the clamp voltage which limits
thé controllable range of the gain, so that the
| difference between the maximum gain and minimum gain
<can be increased.
A comparatively large constant current of
15 about 50uA flows, since constant current tfaﬁsistars
Q49, QSO’ Q51,-Q52_are connected tq the level shift
transistors Qs Q%30 QUsr s Uugr Yy 4 Yuge
The constant current flowing through these constant
cur?ent transistors’Q49 - Q52'cah be set by the biés
20 current flowing in the trahsisto:s Qg4 and QSA; Thué,
by permitting a comparatively large constant current
through the level shift transistors Q41 - QAS’ noise
- produced by the four bridge‘transistors'can'bé further

sﬁppressed. In this éase;;the control voltage Ve is.



(i

.'/ '
trol section VCA' . .The operatlonal amplifier circuit 21' "i s: equival ent
t he operati onal anpllfler circuit 21 which has been descri bed above ang
second gain control section VCA is equivalent to ¢he.first galn;

eontrol section VCA which has .been described above, so further explanation

S

unnecessary. The output signahy,  fromthe second gain out 10 =~

control section VCA is applied ¥o the base el ectrode of a transistor o

as- t he i nverting |nput termnal (-) of the operational amplifier circuit 25
in the gwpldeid Yottlestbase celectiodss. of Hhe ttransbstorsaqQy 8 of the
~integrate CIrCUIt constitute the inverting input 15 term*“nal and the
out put 0. a | if | r sivel y. A
det ai | e%ﬁ p‘?I{ o&"tg? ?ﬁée %%gl:’ﬂ?{\l grr]rgl o q{hflitetgﬁgéjﬁégie? ?g'rlgm tted
-because the Iatter has nst uctlon S|n1Iar to that of the oper ati onal
anpl i i @Pdcig &GgL %ﬁ???ﬁtﬁgrﬁﬁ t netwodk &, T Byt INV. As has been
previously described; the termnal 9 of the integrated circuit, i.e. the-
terminal [err] of tPhe | tweertey cipouit IS arwangadainobhe arrpl ifier ,
circuit 26 in the current vol tage conversion circuit CVC receives t he

i gnal  gEcop igﬂdl viigé 13 lBecéh@t@.ftﬁﬂtQi By Path §peeatibaut fromthe

I rst galn contr

10

15

20

section V@A and
amplifier circuit 24, an input resistor R101 and a

feedback resistor R, ,. The operation amplifiet'eircnit
2% 15 constituted by differentiel'pai:.transistors Q55
.and Q56,_a constant eurrent trenSiStor Q57, current
_mirror transistors Q58 and Q59, transistors Q60 and Q61 |
connected in Darlington configuration idling current
adjusting diodes-Q62 and'Q63; a constant current
transistor Qs and push-pull output transistors st'
and Qgg- : " |
The base electrode of the transistor Qsé is
connected to earth through.the terminal 2 of the
integrated circuit as the nonrinvetting input terminal '
(+) of the'opetational emplifier circuit 24. The
output ftOm the opetational amplifier circuit 24 is
conmected to the Junction between the resistors R' |

100

and R through the terminal 5.

102

The other end of the resistor R',00

connected through the terminal 6'of“the_integiatedf'

is

circuit to the base electrode of the transistor Q40



the signal current [err] in the resistor [err]. The operati onal
anpllfLer circuit 26 of the current voltage 5 conversion circuit C

pfoduces at ‘its, oquut,tern1naI 10, an output voltage VOUT expressed by the

abowe eguat-i.on (6) having a small distortion factor. The operati onal
anplifier circuit 26 is not describel™{n detail, because it has the same
co structlon as the 10 oper ati onal anpilfler circuits 24 and 25

3 . 24 al
descCri bed a , LY ceive
positive an ‘P@Q%ﬁ‘gg ti% é}‘%ﬁg‘jtiyg h{l;eus%g%?{.ﬁf? fg ?n abfgower
source (not shomn) As will be clearly understood, fromthe above 15
- description, th#]eoﬂﬁgﬁbiﬂléﬁ amplifdeshicd neatkthe2d | sl nthej sacendr gadayistic
bet ween the ‘i nput signal and output signal of the first gain control

section VCA gomtel csacelbadvCA'the Waip&mt:tm&loanpltﬁﬂet CSC, by the
di stortion produced by the second gain control section VCA' having a

transni ssi O&f{lﬂifftfi'sihceﬁﬁ& AT R ) ccgéeégcwﬁalbsapmib&e i nput

and out put Inverter circui garn controf Section VCA
obtamed.  Elreult 21 Whichonasn bren e sarLied :FBeve0sEndl Ehfo orove
the noise Ch:erjgrtxg régiaccgglrz?.e sfe(cj‘.lt'.li(;vrml ngc.t{ eais;) nequ:.valent to the
first gain control section VCA which has been described_
above, so fu:ther explana;ion is unnecessary. |
~ The output signal i’out from the second ggin
10 control sé;tion VCAf is applied to the base electrode
of a transistor Qq; as the inverting input terminal (-)
‘of the operational amplifier circuit 25 in the current
subtraction circuit CSC. Thé terminals 7 and 8 of the
.integratgd circuit constitute the inverting input
15 terminal and the output-tgrm;nal of the operational
amplifier circuit 25, respectively._ A detailed
descriptioh_of_the operatibnal amplifier circuit 25 is
omitted'bepaﬁse the la;tef has a construction similar
to "that of the operational amplifier circuit 24 in the
20 invérter_circuit INV;
As has been previously described, the terminal

9 of the integrated circuit, i.e. the-terminal-T5 of the

inverting input (-) of the operational amplifier circuit

26 in the current voltage conversion circuit CVC receives



</\J8% follow ng equation for the maxi mum voltage 5 gain GV is derived
’6n1equations (3) and (6). ~ This nmaxinumgain is twice as-large as the g
maxi mum gain GV [err]. [ERR] In contrast, the total nogse.voltage [err] is
giv%n by the follow ng equationir1%mich t he noi se vol tages produced by the
first and second gain control sec#¥Bns VCA and VCA' are represented by s~
[err]: and [err], respectively. 15 Thus, the total noise voltage [err}«
is-only ggrrL ti_mes as Iarge as fhe nqise_voltage of.a,single gai n
control &hetisdgnal curiemy)lperryhiahs 1 thesisymniof othei @etPutio can be
reduced to 1/ [err] of the conpared.one in order to 5 ~inprove the
noi se chafigaladriist i c.frim hielse bftpsdegainbedrnthmie, sedtion p¥EAI Ahd to obtain
a signal transm @%%n circuit of low distortion factor and | ow noise | evel
by using € gl r ad, 6 %t age conhr ehbke rd gain cipgpuit and
connectiﬁggag&gﬁterﬁgagT%Qé t @utcg?teh%t%§$2%é§%i 104t co%ﬁgction
configuration.  t i;s al bssi ble to. ohtai si.gnal transnission circuit
capabl e 8PeZAtional, Wﬁgbgﬁ%n?lgﬁ}lﬁ%?ht P(rﬁ 3"}’& GURreRbuYOLF88S s by
using the ' ' _ _ :
S ’ conversion circuit CVC produces at its output terminal

i

OuUT
equation-(G):having a small distortion factor. The.

10, an output voltage V expressed by the above
operational amplifier circuit 26 is ﬁot described in
detail, because it has the samé chstru¢tLoﬁ-as the

10. operational amplifier circuits 24 and 25 described above.
The*terminals”ll, 12 of the integrated circuit
receive ﬁositive and negative-voitages +Vce And -Vee, |
réspectively froﬁ a power source (no; shdwn);
As will be clearly understood frdm'theféboﬁe

15 -description, the diStortiOn.attribuﬁgble to the |
transmission characteristic between the inpﬁt signél
and.output signal of the first gai;'conﬁrbl section VQA':
can be cancelled in the signal subtraction circuit csc;
byﬁ ﬁhe.§istorti§n produced by the second gain control

20 section VCA' having a transmission charactefistic'
'materially=identicgl-to that-Bétween the input and output
of the invertef;circuithNV and first gain control section

VCA, so that a signal transmission characteristic of

small-distortion can be obtained.-’



i,ntegrated voltage controlled variable gain circuit and 15 . connectlng<§igzj
the external circutt network in a second connection configuration. A

v8 t age control varialje gain circuit shown in Figure 6 in the formof a

nmonoti t hi c -seri-conduct or |ntegrated circuit can be used as a variable gain

-circuit 20 for stereophonic-ins ments. As shown in Figure 7, two
thel signals 31 VINV' IN representing the left- and right S|gnals of

t he™st er eophoni ¢ instrument are applied to two input termnals [err]. The

channel signal [err] ajgu ik tochd® hand] ier fsnall sbeipolsgible apgnmitted to

the output 5 term nal [err] through the termnal 1 of the integrated

circuit, hefir, ontr ol

section vcﬁim§%§ peraléﬂga %¢§¥$$Eé£§%F% F°§e$§%1ﬁﬁ%§§%§#§na| 10 of

the integrated circuit, as one [err] of the Ie?t and right output-signals

of the 10 rea§P§r'eophonic i nstrument . The ot her channel signal [err]

applied to the input termnal [err] is transmtted to the output term nal
“[err], through the ter Thelfdlldwing equagiencfior the maximmopsHageal /

anplifier circuit 21', the second gain control section VCA', the

oper gt i onal gapn G'very iddPrved rﬁb&x 8éu§as!oh§e (391 i (6) of tierg

|ntegrated I'rcuit, as the other [err] the right and 1eft output
maximum gain is twice as large as the maximum gain GV

(= Ry55/R100) -

Vourl _ Tour * Ryl
|V | I*1n * R100 |

G'V =

l(ii.n 1n") % Rygs|
tin ® Rygo]
Plyy X Rios| o ‘Ryos
0 _ _ w2 X e—— eseee (7)
! Fin * Ri00| * TRygo

In contrast, the total noise voltage Vyr is

given by the following equation in which the noise voltages

produced by the first and second gain control sections

VCA and VCA' are represented by V.

15 Thus, the total noise voltége'VNT is only v/i—; times as

and VNZ’ reSpedtively.

large as the noise voltage of a single gain control section.



-Si gnal s of the stereophonic instrument. The gains of the first and second .

qain control sections VCA and VCA' are .independently 20 controlled by
pans of the control voltages [err] and [err] applied#go the- respectlve

termnals 3 and 3' of the |ntegrag§€>C|rCU|t The nonol i thic senmconduct or
I ntegrated circuit shown in Figur can provide a variable gain ciroet
having a | ow distortion factor and high signal- to-noise ratio, by g
connecting the external peripheral circuit in the manner shown in Figure 6.
On the other hand, by connecting .the nal  peri pheral cigguit 5 - in
t he formasvshownglv FIOW & / 2It=|§ée’c()5' Nl e to obtai'nt*a t\wd- channel .
vari abl e galml cir Nlhavi nd‘] retiuced cost of -manufacture. Accordingly,
the nmonolithic sem conductor circuit shown in Figure 6 has a high
practicality because 10 it can be used in two different ways by
changi ng the connection configuration of the external peripheral circuit.
The change of the external perlpheral circuit can be made in a
conparatively si npl € tggV 9d 15 - vol t age contr ol variablq
gain circuit has a hlghiﬂl|lt al so omthis point of view The first and
second gain control sections = - S

Thus,_the signal-to#noiéo ratio can be
reduced to 1/ /2 of the compared one in order ts
5 . improve thé ooise characteristic. |
As has been described above, it is possible
to obtainla signal transmission circuit of low distortionm
_ factor and low noise level, by using the integrated voltage
' con;rolled variable gain circuit and oohnecting an external
10 circuit network in a first'coﬁnection configuration.
It is also possible to obtain a oignal
transﬁissioﬁ'circuit'capable of offecting independent
gain controls of two iﬁput'signals'By using the
integrated voltage:controlled'variable gain circuitland'
15 connecting the external circuit network in a second
connection configuration. |
A'voltage control variable gain circuit shown
in Figure 6 in the form of a.monolithic semiconductor
integrated circuit can be used as a variable gain circuit
20 for stereophonlc instruments. - |

As shown in Flgure 7, two ohannel signals



need. not, be always conposed of four bridge transistors. For instance, 'tAl '

possi bl e:-to use a gain control - 20 section of differential current
s t ehing type-gain cqptrol section, as shown in Figures 8 and 9. Figures 8 . °
and 9 show.podifications of the basic circuit in which each have a
~differential input anplifier circuitpl FF. The differential input

amplifier

di fTferenti

[err]

and

circuit DI FF conprises a constant current source CS or CS2,

Hen o o bOPReSBRELAEL Rl Tane, id p1 R a9BaTS)BE W L O

of 5

t he sane phase as the input voltage [err] a g;ied to the input term nal

[err].

Atstereepheonicninsirumendt! axe t

dtte bwpoinpvtphase is

delivered to the second signal line [err] by this differential input

amplifier cteemihaDsFE
of opposite phases on gﬂe fi

, TThe .anpitiie dtearmie] hol gual sVgnabppdiedoen 10
% | neg .

t ‘and second signal | [err] and [err]

current 11 oot ieps BaPnthATl Tog 4 GGG FRRA PbaTkRE BERAE 1 010

1, th t [ | | t 15
Eale:arc-Jtrode o?gé‘ﬁtngiailgggﬁﬁh\égpggﬁg rtarinal Do orhecintegratacing 1 ne

base electrode of the transistor [err] of the second gain control

VCA' .

10

15

20

as

€ CO r "diNectr o transistors-|err] and

are applied tgo the base

Theeietubt pf thHasoperationall amplifier circuit 21, the first

gain control section VCA, the operational eamplifier
circuit 26 and the terminal 10 of the integrated circuit,

as O‘BQ ou

stereophonic instrument. The other channel signal

T of thé left and right output signals of the

V' .y applied to the input.terminal T' g 1s transmitted

IN |
to the output terminal T'

I

OUT’ through the terminal 6 of

‘ the integrated circuit, the operatioﬁal amplifier circuit
21', the second gain control section VCA', the operational
amplifier circuit 25 and the terminal 8 of the integrated

ciréuit,'as the other V' of the right and left ontput-'

OUT
signals of the stereophonic instruﬁent.

- The gains of the first and second gain
control sections VCA and VCA' are independently

controlled by means of the control voltages V. and V'

C
applied to the respective terminals 3 and 3' of the

c

integrated circuit.

The monolithic semiconductor integrated

circuit shown in Figure.G can provide a variable gain

section



f“turrent to the differential transistors is changed by 20 .~ means: of the

' ntrol' voltage Vc applied between the control terminals [err] and [err]
O, control the magnitudes of the signal voltages. genefgted-acrgss the,.
resistors [err] and [err]. In them nodification shown in Figure 95 two

si.gnal vol tages of different phé&E%-on the first and second signal |ines.=
[err] and [err] are applied to the base el ectrodes of respective . L

“transistors &err] and [err] of the first and second gain control sections
VCA andcixpuitshaving @ thaw 4igkertionr facsom end diigh sienabror

el ectrodes of the transistors [err] - and [err]. The ratio of .

di stri byphnsice variv, By rcorndetingf eheneixterusdnypetiphetalcontrol | ed by
the control voltage Vc applied between control terminals [err] and [err] so

that th it " > L&t Lo
Lorr] SGEPaE) 1°TH mehner SHAMIPLLCRIZUIRIE.S POF RS o bREE DS 1D e

gain contrql section in which the ratio,of. cyrrent-distfribution.to the
di f f er ch@ndy P¥,cOnRESting G QXtESHP;oPﬁﬁﬁﬂheqqﬁa?#EF%#Fion of out pu

signal is extremely small when the control voltage Vc applied between the
sont r ol ihethenfiosw ax |showh [EnrFigureufst dtt ks Ipog=dible bbaause the
characteristics of the differential pair transistors coincide with
each. ot §gtain HOWW6chelinel variable gain circuit having a
reduced cost of manufacture.
Accordingly, the monolithic semiconductor
circuit shown in Figuré 6 has a'high-pradticaiity because
10 it can be used iﬁ-two'different ways by changing the
connection cOnfiguration.of the external peripheral
circuit. | |
‘ The change of the externai peripheral circuit
can be made in a comparatively simple way. The integrated
15 voltage control variable gain circuit has a high utility
also from this point of view.
The first and second gain control sections
need not be always composed of four bridge*tréhsistors.
| For instance, it is poSsibie to use a gain control .

20 section of differential current switching type gain
| control section, as shown in Figures 8 and 9.
Figures 8 and 9 show modifications of the
‘basic circuit in which each have a diffefentiél input

amplifier circuit DIFF., The differential input amplifier



20 - the control voltage Vc is increased to cause a | arge change of <?%%29.
distripution'ratio'to the differential transistors, the output signal
c8ntai ns di stortion cogponents of even higher harnonics, due to the

i nf lwuencte of the base Spreading regigtance and the emtter series

resi st ance. The nodifications s in Figures 8 and 9 incorporate a
vol,t age subtraction circuit VSC containing differential pair transistors
[(N#ﬁ or [err] The voltage subtraction circuit VSC cancels the 5 = -

di storti onsCERuis DI FF comprises aneoastenl gurweddnSIre®G3pns VCA and
VCA'" with each other. It is, therefore, possible to obtain an output :
signal [errpr CSf,adﬁﬁﬁdraﬁtiaittrmnéﬁstotsaqlbae mnﬁeqﬂmgal [err].
According to ano@her nodi fication shown in 10 Fi 10, gains in.

the first apd sec ' lgsectigns Vg rVCA gcan controlled
discontinuogiﬂ9’by t gigg%tro %o 1032 €%03 8?he1ﬁﬂwﬁlinéﬁﬁhe second gain

control sections VCA and,VCA.. are constituted hy anal,o W t ches | ncLudi ng
N channel - VESRATETE. 8 tht T ssEnal' ThRELTY aEhalsaltres $Eand
[err]. In each CMOS anal og switch, the sources (S) and drains (D) of the

N chnnel akhepsemenpiiaseosrETeher inputnvnlyagenNggs appliad ttat thee
source-drain path of the N channel MOSFET and t he Source-drain path of the

P channel Mphpat tetndiathl T20.  Avathél sbme thnRqcha igiaklwobrhge first
signal line [err] IN _
of the opposite phase is delivered to the second :

signal line 1, by this differential input amplifier

2
circuit DIFF. The amplitudes Af the two signal voltages

10 of opposite phases on the first and secbnd'signgl'lines
.11 and 1, have to be equal to each other.

In the modification of Figure 8, signal

current flows in the collector elect;odes”of tﬁe
transistors Qloafand Q'104’ as these two sigﬁal voltages

15 are abplied_to the'base eléctrode of the transistor
Q104 of the first gain control section.VCA and.the-Base
electroqe of the transisto:,Q'loa Sf.the-second gain control
section VCA'. The,ratio"of'distributionfbf signal -
cuﬁ:ent to the differential transistors is changed by

20 means of the control voltage Vc applied between the control
terminals T

_ c1 8¢ Ty
signal voltages generated apross'the'resistors:Rlo and

to control the magnitudes of the

[}
R 10°

In the modification shown in Figure 9, two



K

of. the

channel

term nal Tc through an inverterglstrr]. The differential input anplifier :

secohd signal line [efr]. The gates of the N channel M3SFETs [err]
and [err] and the gates of the P channel MOSFETs [err] and [err] ar

MOSFETs [err] and [err] are connected also to the control

circuit DIFF.is constituted by a source resistor [err], N channel 5

differential MOSFETs [err] and [err] and | oad resistors [err] and [err],

and i s signajesoltagels dicffexentrphasegnan thee fiarsg andi gnal vol tage
of the sane phase as the input voltage [err] applied to the input term nal
[err]. d8€oflr s4ighal ARmisd dedmae1§ aréi applied toeckd Basd0

opposi te phase-as the input Vbltage err] to the second signal line [err].
By selectin val [ St . ad resistors [ggr] and
[err] -t%iﬁgggéggf ?gg}c%eo‘{‘ﬁ%@ ??gﬁéf%géggbmm ag'gt%S(é hblhrr‘gf'i"t udes of

si gnal voIt%ges 15 of opposjte phases on the first and sigopd si gnal
lines [Ehe]fixat] and saaandgain GorETalL 68 Sifed . aRBeVCA eontrol |

vol tage Vc of high level is applied to the control termnal Tc, the

Shannel s¢/OERATs signel aurfents fhow inrthd coliedtor mieutrédes t he 20
inverter [err] of low level, while the output fromthe inverter [err] of

high Teygl che! Ban NdPR L), BiiEQ® .. The ratio of

10

111"
distribution of signal current to differential transistors
is controlled by the control voltage Vc apélied between.
control terminals'Tc; and T., ;o.that the magnitudes of
the voltages generated acrosé the resistors R,, and R'17'
are controlled.
In the differential current switching type

-

gain control section in which the ratio of current

- distribution to the differential transistors is

15

controllable, the distortiom of output signal is

extremely small when the control voltage Vc applied

‘between the control terminals TCi and sz is‘sﬁbstéﬁﬁially_

20

zero,lbegause the chargcteristicS'of the differential

pair transistors coincide with each other. However, as
the_control voltage Vc is increased to cause a large change
of distribution ratio to the differential transiétors,

the output signal contains distortion components of_eveh'
higher harmonicé,.due‘to.thg influence of the base

spreading resistance and the emitter éeries.resistance.

e’
connected to each other through an inverter IN2, and ‘ighe qateé,of,the P

P



p—

[err]-and [err] on. I n consequence, the first and second gain contr I‘Z' -
sections. VCA'and VCA' pernit the signal transmssion between the input : :
o8t paty si des to, producg: at the output termnal [err] an output signal

[err] in response to the input signal [err]. When the control voltage Vc

of lowlevel is applied to the cont termnal Tc, N channel MOSFETs [err]

and [err] are turned off, 5 as |1 as P channel MOSFETs [err] and

[egFi, so as to prohibit the delivery of the output signal [err] to the

out put term nal [erﬂl.#ﬁﬁﬁﬁgyifﬂgﬁfiégg_ghgﬂﬁ Enchqgg%%§N@§E§ﬁ§ of the

- CMOS anal og switch are on to permt the signa ~transm ssion
fromthe input termnal TIN.to the aqutput_ termnal di_ st oft gd
wavef of m halBRGTOPTRER ghaio HASR PUSEERLFEPRLFATEYLE VoG Sartkatnine
harmoni ¢, is produced. The voltage subtraction circuit VSC, including 15

t he source déffsmcnqiaﬂ]painjqzﬂnsishanaeQﬁﬁbﬁfaﬁggtMm.Q%fgiﬂQ}%grr] and
vol

[err], act to pernmt the distorting conponefits of "the outpu ges of

the first amhes¢oltthg@diguliarid©losestteastVE8caednéeAs tii ch are ‘
generated across the resistors [err] and [err], to cancel each other.

5 distortions generated in the first and second gain
control sections VCA and VCA' with each other. It is,

-therefore, possible to obtain an output signal VOUT of

a small distortion factor at the output terminal TOUT'

According to another modification shown in
10 Figure 10, the gains in the first and second gain
control sections VCA, VCA' can be controlled discontinubusly-
by the control voltage Ve. The first and the second |
gain control sections VCA and VCA' are coﬁsﬁituted by

analog switches including N channel MOSFETs T, and T'

15 and P channel MOSFETs T, and T',. In each QMOS amalog

switch, the sources (S) and drains_(D) of the N.channel
and P channgl MOSFETs a?é commonly csnnected:such that
thg source~-drain path of the N channel MOSFET and the
source-draip path of the P chahnel MOSFET.éxtend in |

20 parallel with each'othef along the fifst.signal line_l1

or the second signal line 1 The gates of the N channel

20

MOSFETs T. and the'gaﬁés of ;he.P channel MOSFETs

3 3

Ta and T' , are comnected to each other throuugh' an inverter

and T'

IN2, end the gates of the P~chanmel MOSFETs T, and T', are



Al MS. 1. A vol tage controlled variable gain circuit construgt- ed
em conductor integrated circuit including; (a) a first operationale
3 fier circuit having an inverting input term nal, ga non-Fnverting input
términal 5 and an output termnal, said inverting input term hal |eading
but of said sem conduct or integgg;ed circuit to act as a first input 7~
termnal of said sem conductor Integrated circuit, said non-inverting ihﬁht
term nal being connected to a reference potential outside said 10
senm cosonnestadtatsat ke thecepntred) terminabnkc oparaugbnan anplifier
circuit having an inverting input termnal,a non-inverting input term nal
and an ignietie st ) hal, said inverting input termnal |eading out of said
sem conductor. integrated circuit to 15 act as a second input term nal  of
said sem conduct orThdt g9z 24 entl b3 iinputal dabe | 83 e L ERALLNBIFE er M nal

r ntia '

bei ng connected to sai ef erence pot out st de sal d sem conduct or
integrgted circuit: a first gain control, sectjon, connected to the 20
out put HHQﬁﬁith?égggeEOﬁﬂuﬁﬁ r &6% OEU&QQTi%rCBPPESﬁt within said,
sem conductor integrated circuit and having an input termnal, a control

5 nput ddififieren MOSEEFat Ty eamdndl,, and dloauresbstionsl Raging el ectric-
ally connected to said inverting input termnal of 25 saidfirst.

- oper at ig@aIR AP drid ef s Chkedhged i deddive 5 eto COREUEL @bt BigMadl ed circuit,
sai d cont rol24 nput R -

*

line 1, a signal voltage of the same phase as the
input voltage VIN applied to the input terminal-TIN.
The circuit DIFF also delivers a signal voltage of an

10 - opposite phase as the input voltage VIN

to the second
signal liﬁe 1,. |
By selecting the values of resistance of
‘the load resistors R,; and R,, to be.equal to each other,
it is §ossible.to set the amplitudes of signal voltages
15 of opposite-phases on thg first and second signal lines
11 and l2 substantially equal to each other.

When a control voltage éb’of high level is
lapplied-to the control tg:minal Tc, the P chamnel
MOSFETs T, énd_T-a.a;e_turned_on by the output from the

20 inverter IN1 éf.low level, while the output from the
inverter IN2 of higﬁ level turns the N channel MOSFETs
T3 and T's'on. in consequence, the first and second

gain control sections VCA and VCA' permit the signal

transmission between the input and output sides to produce



term nal .being provided for connection to circuits 39 outside said <giz;}
sqpicondUctor integrated circuit.to act as a first.control input term nal ™

of " sard ,semi conduct-or igitegrated circuit; (d) a second gai n-control

section connected to the 5 output terminal of the second operati onal

anplifier circuit within said senicoggﬁftor integrated circuit and having

an gpput termnal, a control input t i nal and an output termnal, said

“input termnal being electrically connected to said i.nverting input

termnal 10 ff g Gupeseede@paiahlopal anpl ighi | &G ¢t hinssaid
sem conduct or integrated circu?t% ngHTbgﬁtPgéﬁ#ﬁ;ﬁl$éé%¥%0UTb%?ng
provi ded for_connection {0 circujits,outside said_geni cqonductor integrated
circuit to JGCPRRSE @ e HWBI s?"SBGj' t'emyti nal‘ﬁlﬁn s@?ﬂ SeAFEBhduct or 15
-integrated circuit;dée) a third operational anplifier circuit having an
i nverting i ¥oditages Mh0f lowohevaeleisi applied tcertheratomomokn out put
termnal, said inverting input termnal being electrically connected to

sai d out put teamfimel T, Al chafnél' HOSFRTS TONtdrd TeCtifd Vhihbl §Fied ;
sem conductor integrated circuit and being pﬁbV|Qed f%r connection to"
Clroglls OUEd GRITds PUEMNEE AOSFRTRIT ST, so 988 Y8 OBroRYBLY Y

I nput term

the delivery of the output signal VOUT to the output

terminal TOUT'

However, when the N and P channel MOSFETs of
the CMOS analog switch are turned on Eo permiﬁ the signal
10 Eransmission from the input terminai T;y to the output
terminal TOUT’ a distorted waveform having even higher
harmonics, particularly a large second harmonic, is
produced.
The voltage subtraction circuit QSC,'including

15  the source resistor R and N channel differential

23
MOSFETs T5 and Té, act to peruit_the distorting

components of the output voltages of the first and second

gain_control-sectioné_YQA and VCA', which are generated

24? to cancel each other.

across the resistors R243aﬁd.R'



g connected—to——sait—+eference potential outside 25 said seni-canduct or

? egr ate - ' id output terminal being provided for connedfhpn *
ci rcui ?M“mm ’ Bﬂ ﬂ m conductor integrated circygt to act as a first
out put .te I I conductor integrated 40 circuit; (f) a

fourth operational anplifier circuit ?&*ing.an inverting termnal, a —
non-inverting termnal and an output t®Pm nal, said inverting input e
termnal being electrically 5 - connected to said output termnal of said

"second" GaATIMNtrol section within said sem conductor i ntegrated circyit
and | eading to the outside of said sem conductor integrated circuit, said
non-invertli.ng i Mpwoleagenabniteiold exbnneei £0l1&0gadnd cliefarienceowot patt al
outside said 10 = semi conductor integrated circuit and said output termna
bei ng proeddes faorsemhoentduomnoiro icitregrd tedut $rdaisaiitcdad pomduct or _
integrated circuit to act as-a second output termnnal of said sem conductor
i nt egratedadi rc@ tfinsy QEera¢gpnakadMﬁlhfb@eraﬁbouan arptiigeancircuit -
having an inverting input terminal, a non-inverting |qut_ternrngl and an
out put teARVEALinginpPuyeterngnadputa teomt havebeing dneuitdete foinal
connection to circuits outside said sem conductor integrated circuit to act
as aP opt Bpfa@n output terminal, said inverting input terminal
leadiﬁg out of said semiconductor integrated circuit to
act as a first input terminal of said semiconductor
integrated circuit, said non-inverting input terminal
being connected to a reference potential outside said
10 semiconductor integrated circuit;
(b) a second operational amplifiér'cibcuit having an
inverting input terminal, a non-inverting input terminal
and an output terminal, said inverting input tebminal'
leading out of said semiconductor intégrated_circuit to
15 act as a second input terminal of said semiconductor
integrated circuit, said non-inverting input terminal'
being connected to said reference potential outside
said semiconductor inpégrated'circuit;
(c) . a first gain control section connected to the
20 output terminal of the second operational amplifier'
circuit within said semiconductor integrated-circuit-and
having an input terminal, a control input terminal and
an output terminal, said input terminal being electric-
ally connected to said inverting input terminal of
25 said first operational amplifier circuit within said

semiconductoh'iniegrated circuit, said control input

terminal being provided fgr connection to circuits



20 I nput termnal for the sem conductor |ntegrateu crrctt—Sa Xﬁ?“
nop- i nuerting inpuf term nal being connected to sai tentla

ol si de said sen condugt-or integrated circuit, and m 8 Bim naI
provi ding an exterrnal terminal to permt either th

di sconnection of said fifth operational - lifier circuit to the |nverting
input, termnal of the second operational anplifier circuit. 41 2. A

S|gnal transm ssion circuit incorporating the voltage control | ed variabl e
gain circuit auésidendaisd gemicandushpri dnt@enaped chreuyhatoi Aptit

term nal |ocated outside said 5 sen1conductor |ntegrated circuit and
arranged to re€ePvdidFh MRARELRPYNENPUL| Fermingl Qf i$if $RBLISPBAVLSOAL ed
out si de said semi conductor, integrated circuit and connected between said
signal input P@Fﬁgﬁﬁt%ﬂuf¥ﬁﬁ%F€nverting input 10 . terminal of said first

t I Lif d
Ut 51 de sai d- LB cgﬁéuﬁsle{)#“q%t%%#ét caREFRIoE Y £SEASLRRaLRRTLRL L o
si gnal ut te n1na| and s rt|n put term nal g fifth ;
oporati ondl - aRBEPHEo: I o % ' §8Eon qpeeé"aaotalc?wes?@ﬁi L8t ed

outside said 3em GeRIYG {14 L&Y aggglg e ﬁ%gk sted 2$¥%%§Q and

~having an input terminal, a control input terminal and
an output terminal, said input terminal being
electrically connected to said inverting input terminal
10 bf said second operational amplifier circuit within
said semiconductor integrated circuit, said control
input terminal being prbvided for connection to circuits
outside said semiconductor integrated circuit to'acf'
as a second control input terminal of said semiconductor
15 . integrated circuit;
(&) a third operational amplifier cirtuit having an
inverting input terminal, a ﬁon-inverting input'términal
and an output terminal, said inverting input terminal
being electrically connected to said output terminal
20 of said first gain control section within_said'
'semiconductor integrated gircuit~and being provided
for connectidn to circuits outside said sémicpnductor
integrated circuit, said non-inverting input terminal
being connected to said reference'potential outside
25 . said semiconductor integrated circuit and said output
terminal being provided for connection to circuits
outside said semiconductor integrated circuit to act as

a first output terminal of said semiconductor integrated



- sald outpuL—LeLnLnaL—gL—saLd-flfth operational anplifier circuit..and 'sai d
er i Iﬂnﬂ termnal of the sane; (1) a third input resistor |ocated ¢
'ffg utp l

Hul"rl rm tHMlJctor integrated circuit andgeconnected between

d fifth operational anmplifier circuit &nd said
rting |nput tern1na| ‘of said SEC%PB operational anplifier circuit; (m
a second feedback resistor |ocated o | de said 25 sem conduct or integrahed
circuit and connected between ~ said-output termnal of said third
operat i orfatTaWpFrfier circuit and sald inverting input ternminal of the
sanme; (n) a third fg dback re5|st? iated out.si de, sa?d sen1conductor
integrateﬁfklrcﬁlf Uhd P QRREA L CRRLWBER 13 18] £ it RR_YHPBaPTof sai d

Lhe sanc ARG £onE CRFMARAT, (hotbnr 4EVEr bt it 1L <F B8 € futPlt

of 'sard TEthENIEhe %?t‘?aﬂaa‘:“%ﬁﬁﬁ?ée?n%'ﬁﬂﬁ?c i e " hoBkERRg i

termg nal Of,3aLdehNid Qngy a&ﬁ@?fﬂcﬁgmn' E:aelr o7 '$Hd - "§econd"dga1ﬁ si gnaj

tramsm ssSTON e Fedi t cadcord wher el n sai d secon nput

resistor %Fr? Fé‘idsEUtitorf Qﬁﬁﬁ?ﬁ‘f §§§HS§%¥M ¥R de Pﬁtégﬁé%ﬁnce 15

subst anti y equal to each other, sai rst input resis and said third
input resi sLoniPayRavaldsRfiml to the outside of said semiconductor

integrated circuit, said non-inverting input terminal
being.cbnnectéd to said reference potential outside said
10 semiconductor integrated circuit and said.output
términél being provided for”connection to circuits
outside said semiconductor integrated circuit to act as
a_second'output terminal of said semiconductor intégrated
_circuii; and
15 (g) a fifth operational amplifier circuit having an
invertiﬂg input terminal, a non-inverting input terminal
and an output terminal, said inverting input terminal
being provided for connection to circuits outside said
semiconductor integrated circuit to act as an optional
20 input terminal’fdr the semiconductor.integrated circuit,
‘said non-inverting input terminal being connected to
said reference potential outside said semiconductor
integrated_circuit; and said output terminal providing
ah external terminal "'to permit either the connection |
25 of_disconnectioh of said fifth operational amplifier
circuit to the inverting input terminal of the second

operational amplifier circuit.



resi stances .substantially equal to each otheF\*‘Hﬁmﬂﬂ$4ﬁnJ1Lig§dback
r_rejsi stoi* ‘and said fourth input resistor have ”” W resi stance whi
shibstanti al1y equal, 2Qto each other. 4. Aﬂa w nt.ssi on
circuit according to Claim3, furthef conprising:e t
conpensation capacitor connected i-n rallel with said secortd f eedback
resistor outside said 25 seniconductor integrated circuit; and (9) a

second_conpensal i ony capaghtOF GHNAAC £k Ne PRE Bl kel ntighlp itk g itk

f eedback resistor outsSide sa| sem conductor integrated circuit. 5.

A signal rajsihastoRoftieyd REAPSRLI paihheiBeute lsagraomg ot ed
variable gain circuit accor |ng to daim conprising: (h) a first

si gnal |nputC$§{?1$alcbasgggqn@yt5|de said sem conductor integrated circuit
for receiving a irdt input signal; 10 (i) a second signal input term nal

| ocated outsigle saigd seghadndughey idvporaledocated outwidemiydng a
second i nput signal; gha first input resistor located outside said

Se”‘COW#“”(EemﬂéQHBQEEQrChhﬂééréﬂ&hC@DﬁeaﬁedaMHn&ﬁnangﬂdiﬁwrmecs1gaal ;
i nput termnal and said inverting input termnal of said first operational

anplifier CIé@Uiﬁput signal;

R ).

(1) a first inpﬁt resistor lodated outside said
semicondu;tof integrated circuit and connected between
'said signal input terminal and séid inverting input

0 termina; of said first operational amplifier circuit;
(j)_- a second input resistor located outside said
seﬁiconductor'integrated.circuit and connected between
said signél input terﬁiﬁal and saidliﬁvefting inputﬁ
‘terminal of said fifth 6peratidﬁal amﬁlifier circuit;

s (k) a first feedback rggisﬁor located outsidé said
semiconduétor integrated_circuit and connected between
said output terminal of said fifth operational amplifier
circuit and said invefting input.terminal of the same;
(1) a third input resistqf located outside said

20 semiconductor.integrated ﬁifcuit and comnected between
said output'tgrminal of said'fifth'operational amplifier
circﬁit and said inveéting input.términal of.said
second operational amplifier circuit;

(m) a second feedback téSistor'ldcétédioutside said

",25 ‘semiconductor integrated circuit and connected between



|nput or | ocat ed outsi de said seni conductor -i nt egr at ed

idd en sai d second signal input term nal and sai Y
AN, of said second operational ‘sanplifier circuit,
(1) a f| "t eedback reS|stor | ocadeea-out si de sai d sem conduct or o

i nt egr at ed CIrCUIt and connected between said output term nal of said thisf

operatlonal aay heéei &ﬁ#ﬁﬁf gpdséghdtPg&aWéggydgg%gaieéﬂbmgklg} t he

sane; and eedback resis ed outside said semn -

conductor int t Cig t e %gmgéwﬁghéplgfogggugahern1naI of
said fourth? 5§g%gt§g€aldwﬁ |er€g? CSP and said i nverting term nal of :

the same. ?6- a third %éé 1t F803EkSH A f&di suescaedsagdato daim5,
further conpfising: 6n I rst conpensation capacitor connected in

paral | el Ao f@@&@@&k egh i tanthd aCen £c peisbee weaind
semconduc?EH ?abegrated circuit, gn 6 o). a secon% conpensati on

capaci tor sabdeot&puitn teamsinal mftbamd(fdumbhdopeeémadnakﬂampkitiennd
| ocat ed-out si de sai d semi conductor integrated circuit. 7. : A si gngl

nput s gralEeare ped R A% gﬁ?“?n”ffﬁ"r*@?%?gﬁnﬁ?‘o £ O i o

I nstrunent ereby t he Ieft and ri ght chapnel t put
(o a fourth input res1stor cate outSLde said

semiconductor integrated circuit and connected between
said output'terminal of éaid fourth operational amplifier
10 circuit and said inverting 1nput terminal of saldthlrd
peratlonal ampllfler circuit.
3. A signal transmission circuit according to
Claim.z, wherein'said second input resistor and saié
first fegd_b_ack resistor have values of resistance .
155ubstaﬁtiélly equal to each other, said first input
resistor and.said third'inpdt resistor have values of
resistances substantially,eqﬁél to each other and said
third feedbaﬁk resistor and said fourth input resistor
have valﬁes of ﬁesistance which are substantially equal
20 to each other.
4; -... A.signal transmission circuit according to
Claim 3,-further compfiéing£: 
(p) a first_compensation capacitor commected in parallel
with saidisepoﬁd feédback resistor outside séid |

~ 25 semiconductor integrated ciécuit;.and



signals are derived fromsaid first and second out put term naI s of said @
seni cqnduct or Integrated circuit. 8. A voulni ll ﬂ ari abl e
gdl n g’lnrcwt 20 accord*ng to Claim1, wherein eac , Mﬂﬁ"mﬂ, H md second
~gain control sections Includes at |east tya first junctfon*pd nts & second
junction point, a third junction poin?fa%.fourth junction point, a first
transi stor a second transistor, a third transistor and 25 a fourth .
t ransi stor, (dyaengt§§%°§aegbhggg%aﬂldﬁu¢hpacBEonndoandct@drum1nanﬁikﬁbrs
. bei'ng connected to said first junction point, the base el ectrodes of said
second andtdhﬁﬁigéﬁ@stﬁiﬁﬁsfbéd@gdmnﬂuxismbrooaasddseeandJaﬁmﬁqqnﬂ$ﬁﬁ¢w,
the emtter electrodes of said third and first transistors bei ng connected
to said thirghqe apedt o8 porotitt.he base el ectrodes of said first and fourth
transi stors belng connected to said fourth junction point, the collector
el ectrodes obfe.said f|rstAaaﬁgséboﬁaansmmssxonscuma%}&annmxp@rablaacﬁh
other within said sem conductor integrated circuit and further electrically

connect eds Wi {83 Ba gé' d oReFoAARALICt Qarinitsls ag8¥NnC Gl t asc 68+ dihgPtb ‘
term nal sald Irst gain control section-or said second gain contro
section, vert| t termnal of said first operationa
anpllfler C|§§ %ﬁ%ﬁgéggﬂg ‘operational anplifier circuit, the

col l ector eIecSrodes of said third, - ] e
' a first signal input terminal located outside said

semiconductor integrated circuit for receiving a first
input signal;

10 (1) a second signal inpﬁt terminal located outside said
semiconductor integrated circuit for receiving a second
inputisignal;

(j) a first input resistor locatéd outsiae said

_semiconductor-integrated.circuit.and connected between

15 said_fi;st.signal input terminal and said inverting input

‘terminal of said first operétiénal amplifier circuit;

' (k) 'a second input resistor located outside said
semiconductor integrated circuit énd connected between
said second signal input terminal and said inverting

20 input terminal of said-second”operational amplifier
- circuit; ”

(1) a first'feedback resistbr'loéated outside said
semiconductor integtated circuit and connected between
;aid_outpu£ terminal of said third operaﬁibnal ém@lifier

25 circuit and said inverting"input terminal 6f the same; and



and fourth tTansistors Délng connected to each other within sai-d -

aWi conduct Ok i imguit and further electrically connected w¥ hirg.
d sem con*"ﬂmﬂﬂ"mﬁmlm ﬂi circuit, as said outputaterrinal, of said
st gain conrtrel section or second dajgn control secti‘on, to sald o
verting input termnal of said third operational amplifier circuit oriz_
said fourth operational | fi ' ' sai t ' 0 Ld™™
first (4‘9 ‘opet af?%ﬂﬁfi g%%ldibfaicgr rgélérg%F{)Po?gggit%%s%ngdﬁ{)é;eﬁ%?o%_glﬁﬁ .
anpl i fi er condudtioPeingegerated afitoutti dnld cunmactédi bdtiweeet isaidoints
electrically within said sem conductor -integrated circuit, said second

junction poij el - t UESJ of | L £0 . @l Nt egrated

LiToui T SHEBy P HEERRE, B, SIS EPLET oY 4 A R SR

sem conductor integrated circuit to act as said control input term nal of

sai d firspy$§Q$Qxﬁﬂﬁoﬁaéécﬁﬂﬁﬁﬁﬁlgﬁi§e§E@6Hﬂ-g&?dﬂyénﬁﬁﬂposection. 10 9
A voltage controlled variable gain circuit according to Caim8, wherein

each & s&i,d first ang stgaal oatansefbsdors editau t uatbording wdes: (h)

a first level shift elenment connected between the emtter electrode of said

first tra@iéiéw%;i §€Egrt@&ﬁbfigfﬁéon point; (i)  a second level shift
cted be = ' _

el ement con Ween t he

(n) .é first compensation capacitor connected'in_
parallellwith said first feedback resistor and located
outside said semiconductor integrated circuit, and

10 .(o) a second compensatién'capacitor connected in'
éa:a}lel wi?h said second feedback resistance and
located outside said $emiconductor integrated éircuit.
7. - A.signal.trénsmission circuit according to
Claim 6,_wherein.said first and second input signals are

15 lefﬁ and right channel signals.for a stereophonic
instrument, whereby the left and right ;hannel output
signals are derived from said first and second output
terminals of said semiconductor'integrated circuit.
8. | A Qoltage controlled variable gain Circuit

20 according-tb Claim 1, wherein each of'said'firét and
second gain control sgctions includes at least a first
jungtion point, a second junction point,.a.third
jﬁnction point, a fdurth_junction point, a firét
transistor a second transistor, a third'tranéistor and

25 & fourth transistor, the emitter electrodes of said



~
eWItter el ect.r ode of said second transistor and—sard—f++rst—funrectton p0|nt<gE?;)

é _a third |l evel shift el ement connected be ter

ctrode of " sai.d thqu transi stor and said thl ﬂﬂﬂg Hﬂgghht (k) a
fourth | evel- shift ‘el ement connected between t ode of said
fourth transistor and said first jund+®»n point; 47 (1) afifth |evel

shi Kkt~ el enment connected between the base el ectrode of said first transistor
and said fourth ncti,o i ot a sixth | evel e . £onnect ed
bet ween t he S %ééeaﬁgeg?ﬁ &B 5#%&%%? %?%ﬁ%?%ﬁ%?géﬂdk§ gﬁégcond
junction point; (n) a seventh |evel shlft el ement .connect ed between_ the

base el ect r offerst §undtlhnr@OunﬁnSMhﬁnbaﬂﬂjQkﬂ@tgﬁééﬁdofuﬁéﬂﬁoﬁq&ﬂﬂﬁ; and
10 (o) an eighth level shift elenent connected between the base el ectrode

of said fouréﬂmttﬁﬂﬁdstehn%ﬂ@t%&lsd VPedtid heonec ted poi Baidl@econd A .
vol tage controlled variable galn circuit according to daim8, wherein said

fourtn e h e boh BBERE, Othel eh NI 'ETRL E1088s B! baLaS Bl RpCond and

fourth tran ors ar ’tran5|s or sS.

and first transistors being connected to said third
junction point, the base electrodes of said'firét and
foufth transistors being connécted'to.said fourth
.junctioﬁ point, the collector electrodes of said first
and second transiétors beinglconnected to each other
within.said semicsnductor-inﬁégrated circuit and further.
éiectrically conpected within Faid semiconduétor
integrated circuit, as sai?ﬁinéut'terminal of said first
gain control section or'sﬁid second.gain control section,
to said inverting inﬁut terminal of said first
operational amplifier:circﬁit or said second operational
amplifier circuit, the c;liector electrodes of said third
and fburth transistors beiﬁg connected to ‘each other
within said semicdndﬁctor integrated circuit and further
eléctrically connected within Said-semiconductor
integrated.circuiﬁ, as.said output terminal of said
first gain control section or ;econd gain control sectiom,
 to said iﬁyerting input terminal of said third |
operational amplifier circuit or said fourth operational

amplifier circuit, said odtbut terminal of said first
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~ the outside of said semiconductor integrated circuit,

A signal transm ssion circuit incorporating a voltage cortrolled

structed substantially as herein descrl bed vm‘rh )
laﬂll“rmmjlnﬂ;"“”mntrat ed in Figure 3, or Figure-6, or -Fi gure 7,
*or¢Filgur®e § or Flgure L%f t he acconpanyi ng dramnngs “The text
peC|f|cat|on has been reproduced by photocopying the appllcantsf“\
t ypescr,i pt'. contain a few anendnent s ich are dlfilcm
owﬁﬁa@a-p@aiamrw terpeizsiid mgsahésée&ﬁ@%mﬂ%a%we
d an the prem ses of the Patent O fice

amplifier circuit being connected to said first and
third junction points electrically within said semiconductor

integrated circuit, said second junction point leading to

said fourth-junctiqn point leading to the outside of said
eemicondgctor integrated circuit to act as said control
input'eer¢ina1 of said fiﬁst gain control.sectiqn or
said second galn control sectxon.

9. A'voltage controlled varlable galn 01rcu1t
accofdiﬁg to Claim'S, wherein each of said first and
second gain control section further includes:

(h) a first level shift element connected between the
emitter electrode of said first transistor and said
third juncﬁion.point;

(i) a second level shift element copnected'betweén the
'emitter'eleetrode of said second transistor and said-
first junction. point;

(j) a third level shift element connected between the
emitter electrbde'of said third transistor and said
third_junctioﬁ_poiﬁt; .

(k) a fourth level-Shift'eiement commected between the
‘emitter electrode of said fourth transistor and said

first junction point;



- gz e
T

F

(1) a fifth level shift element_tonnected between the

base electrode of said first transistSr and said fourth

junction point;

(m) a sixth level shift element connected between the

base electrode of said second transitor and said second

- junction point;
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(n) a seventh level shift element connected between the
Ease electrode of said third transistor and.said second
junction poiﬁt; and

(o) an eighth level shift element connected between the
base electrode of said_fourth transistor and said fourth
juﬁction point. |

iO.-' A voltage contrplled variable gain circuit
according to Claim 8, wherein said first and third
transistors are NPN tranéistors, whilst said second and
fourth transistors are PNP trahsistorsf

11. A signal transmission circuit incorporating a
voltage controlled #ariabie gain circuit constructed |
substantially as herein descfibed with_referencé to and
illustrated in Figure 3, or Figure 6, oxr figure 7, or
Figure 8, or Figure 9 or Figure 10 of the accompaﬂying'
drawings. ’ |

. The text of the specification has been reproduced bymbmammumﬂnammuunsmﬂgmu
typescript. It may contain a few amendments which are difficult to read. The original
typescript containing these amendments may be inspscted on the premises of the Patemt Office



