‘CMOS Anal og'Multiplying Circuit 5 : This invention relates to a
.analog mul tiplying circuit which provides a current outp Oéﬁ /ng%m:o:g
J s proportional to the product of the values of two inpu

stands for conpl ementary netal - oxi de- seni conduct or st ruct ure.

Anal og multiplying circuits are; of course.~ welLl known. One such circuit is
described at pages 1158- 1168 of | EEE Journal of Solid-State Grcuits, Vol.
SC-20‘~N0 6, Decenber 1985. This circuit, as do others, perforns

mul ti- QIJI cation of vari-abl es waMds amalplgemantlpmyﬁ.hg Cmrmﬁ){ differenti al
15 vol tages and can consequentty—be—handted—tby—ampH-ers—havt ng a
differential input. Such circuits are conceived to achi eve high precision
mul tiplicatPon of |rﬁhﬁs\RﬂVQﬂﬂ¥9?\Mﬂiﬁ§Q§ #® €afMPE posilppvmudtipdyangve;

i.e. they are faWaa4adiakn Iisa.iotwalelseascu%entooh?%tﬁ wa&génﬁaeﬁft@@é SI&,
the input 20 vari abl es, have to he volta nponent 1s of-

pr edet er ni ned FHIRETH tifedeta & 8§°618%Fe8tfl 'y"h?hgaaFFFe?En'ﬂ’%I ii‘Pl‘b’{:lt
anplifiers. Thivwadfiatlend (oS atlandsaforheohppemeritarabhesabayride-be
present in the form of. differential voltages constitute a drawback in

appl i cation. Sge%condu[Ctoé:cﬁ eve%fug&r- guadrant multiplication with high
pr eci sion, 18heir corfpabag ynuild diplgtinghicdlrqudgsl egeél nofekatuirsel ywhlghknown.

manuf acturing GRY Sudd disdfiys 1%ealers%@1§ehoaeragﬁes @19931%@(16@%“
mul tiplier which does not necessarily ac i eve recision, 30 which is

of 1 ow conpl exidapendd QhSdddnStetRasi FGWlﬁﬁanaét u??nﬁoceg?ssr December
Accordingly, theggwvemnhie direuidss ag Quostaa@bpgpautbrﬁkyma:gti:plmﬁlon of

0 f t, t h 1 | ectrod | egd t
ST st 1ot or e AN TR e tIah (RE RAgshe ey EhBaBoRRoF: AL gEPESRFtel ode |
coupl ed tolé f ivcslit dggsutamb e avinsgquentlyepeahandped byl amgbifiehs thaving
said first transire QORrahes ddie.t S shtho8e rb89tNar8 86£808ved to achieve

high precision multlpllgatlon'of input'variablesfwhose sign

“can be positive or negative, i.e. they are four-quadrant
" multipliers. Due to their working mechanisms, the input
20 variables have to be voltages whose DC compOnent;is of a
" predetermined value in order to bias correctly the
differential input amplifiers. This fact and the fact that
" 'the input variables have to be present in the form of
differential voltages'COnstituteia drawback in application.
25 'Also, to achieve four-quadrant multiplication with high
N © precision, their cdmplexity is high which results in
relatively high manufacturing costs. '
It is thus desirable to produce a one-quadrant
multiplier which does not necessarily achieve high precision,
30 which is of low complexity and consequently has low
manufacturing costs. ' ' '
‘Accordingly, the invention provides a CMOS analog
‘multiplying circuit comprising a first transistor having its.
_ current electrodes coupledsbetween'a first reference voltage
35 1line and a first node and its gate electrode.coupled to a
first input node having, in use, an input voltage such that
said first transistor.operates in its triode region,'a'sécond
transistor having its current electrodes coupled between said

first node and an output node, and a comparator for comparing



transi stor having its current el ectrodes coupled between said first node
and an out put node, and a conparator for conparing -2- a first voltage
at said first node with a second voltage [err] second i nput node and for T
controlling the gate electrode of 5 said second transistor to keep said o
first and second voltages substantially equa ,- whereby the current through
said second transistor is proportional to the product of the voltages at.

said first input_and second input nodes. |In one enbodi ment of the o

i nvention, the?chbhpsFarettage sonpridebizstingds enititila aqsidnd sroltageng jes
inverting i nplesOn@! £pe® A6 dnd StoRoskrersh i iy MY IGIMY W1RGEHYIE oF
coupled to_said cond 1 nput_node and ose output is coupled to the gate

of Said sefonddF n3FSPRY . EFAN AR gﬁ%-%i??e’ﬁ-%rﬁ%@Q%\F&ﬁq%,voc @ges
conpar at or 15 swosipantsisllby | eqgal ai vikerghy rthd dumreits ttnsoudh e aiet] s doamaed

by their sourge.glectsode B ' 3 1, Gl r.ent rce, .the
Gate of the r TTEREFbiOECEs AR FOUMAL 10 e BE 1 JAitagRe B1°
coupl ed to sai¥pi@chhEst nhRuhotrd seronmt Nt tiedessecond transi st or

L or m ngf sai dd2]9_ | ?m§-baé! &gbaaiz?eb@!gﬂlawpi@ﬁ?ﬁtgi&a,! Gk%é réémﬁwkﬁcioxfj hte
rain of sai irst,transi of said |ong-1ai ai r being coupled to
Che 1 nput 101 FUWFRES 1 19 br ESRREth R T LS JrEa o Heha AHeRtPGr Hopmt
second transi séauipbéd stad dsa b gf 1 i it | reskiepaarnd ithe rbretimvafrtdaigd isgaand :

transi stor of i ongs & aj A onst it ut] t he output af the
conpar at or anaé %ééj]r'\ggéc%%p%]%ﬁa ?%)é%g%&g’a pe‘ﬁ-'elne‘%: F St ecp-%fhossael 'é)ust%&‘&ng's coupled
transi stor. |rta phefgatedfndpdid nsegcond transiaten.d on, said output node is

coupled to a SecondIﬁe£e§§EGﬁd|éﬁ@o&iﬁe@tggfréﬁg fﬁ%eﬂgféﬁv'the-comparator*‘J :

15 comprises a iong—tailed pair of transistors, the node formed

by their source electrodes being coupled to a constant
' current source, the gate of the_fitst of the transistors
forming said.1ong-tailed.pair_being_coupled to said second
'ihput node, the gate of the second transistor forming said
20 long-tailed pair being coupled to said first node, the drain
' of said first transistor'of said long-tailed pair being
coupled to.the input of a current mirror whose output is
. coupled to:théddxa;n-of the second transistor of said long- .
. tailed pair, the drain of said second transistor-of said
25 long-tailed pair conStituting[the Qutpﬁt'cf the comparator
and being coupled to.the'gate electrode_df;said second J
trahsistor. . L ; . S ~
. In a preferredfembodiment of the invention, said output ‘
node is coupled to a secondfreference;line via a current |
30 mirror.. ' . . B |
_ It will be appreciated that the yoltages applied to the
_input'ﬁodes'may constitute the inpﬁt variables or that one or
both of them may result from an:appropriaté-conversion of
_ current to vbltage if the variables to be multiplied are
35 currents. ' ‘



«,

It wll be ‘appreciated that the vol'f age"s .appl led to the input nodes may

_constitute the input variables or:that one or both of themmy result from
-an appropriate conversion of current to valtage if the variables to be

multiplied are 35 currents. The inventidn will now be nmore fully
described by way of exanples with reference to the draw ngs of which:

Figure 1 shows a sinjd: firﬁﬂer‘(@iéﬁ%‘iﬁ. Roi'be ﬂﬁfeoﬁuﬂ'irtdgs&r Qe{i'BgU%

according to-the invention; |gure erred enbo
of thgsconpar &for® % Wi-.%hﬁ%%m g%‘i‘% aray sa°§aWFh?hon of the
circuit of Figure 1 mémmmheeaa@imﬂﬁie&uvéf@iohaufns emus! dfalog

4" shows a1 ur ChETC R T4 Co P DAEAREHRY 0P B0 By B R oviding an

out put curr®nt whi ciFiDrpRRskevs oa preferredsenbodimentanfcthduct ance of

further trans'cﬁﬁa%at'%}'%séd‘eiﬁ £15e S{pEntfofi gure 1 a sinplified version
15 of ‘a CMOS anal’og I"gﬂtlé)#l g circuit acc rding to the inyention, This

circuit conprises a¥® W A Varjakion of ckhe| eireuit PE Fogpredlto
a first volt agmgdits gesdide camnsutbwt cotrpent cheeingde valaaupkedebn t he

clectrode of ERPRRARETRARTET 0SS orfadefetRifer,vahial aiE rode b

The gate el®ctrode dfigure t4 sshows oo fursheoupariation bfrthel opucusbdefC
dth t t t
an e ga e; Pt %{""é)df fBr %&%&@%6 it t COUPLEAL 911?913 BH{r{ththeé

conpar at or |s co rting I nput
conpar at or whEota Farsat ions %Lﬁ#%d“&'@‘ﬁ?%mﬁ%t?ﬂ?%r?f-nﬁuﬂﬁbaF

\/ _ ~ transistors.
Thus, there is shown in Figure la s1mplified version
15 of a CMOS analog multiplying cirouit acoording to the
invention. This circuit comprises'a first transistor 1
. whose source electrode is ooupled to a first voltage
reference line and whose drain electrode is coupled to the
source electrode of a second transistor_z via node B, the
20 drain electrode of the second transistor 2 being coupled to
an output node D. The gate electrode of the ‘transistor 1
is coupled to a first input node C and the gate electrode
of the transistor 2 is coupled to the output of a
_ comparator 3. Node B is coupled to the inverting input of
. | 25 the comparator whereas node A is coupled to its
N non-inverting input. _ .
‘ - The comparator. 3 ensures that the voltage at node A
and that at node B are kept substantially equal by
.controlling the gate of transistor 2. Due to the fact that
- 30 tranSistor 1l operates in triode region, for an input
| voltage Ve the current through transistor 1 will be
proportional to VA'Vc provided that the voltage V,
is noticeably higher than the threshold voltage of
- transistor 1. The current ID through transistor 2 can
35 then be fed to other parts of the oircuit by means of a
- current mirror formed by transistors'a and 9 as shown in
Figure 3.



The conparator 3 ensures that the voltage at node A and that at’ node B are
kept substantially equal by controlling the gate of transistor 2. Due to
the fact that 30 transistor 1 operates in triode region, for an input
voltage [err] the current through transistof % will be proportional to
[err] provided that the voltage [err] is notlceably hi gher than the
threshol d voltage of transistor 1. The current [err] through transistor 2
can 35 then be fed T8 onh¥rrpaprtively: fowcpregision hasnFobe raalisead

mirror formned tﬂetéﬂﬂéuitoshoﬁnaﬂﬁ haaraheweahnb'a GH s comphrdto

relatively lo eci e reali e circyit; shown in Figure 2
can be usgd aghgg iﬁ 3°?HP§15PFcalPa§6hﬁE %ﬁitéaﬁ trafnpistans 4
transistors 4 amdl 5 uhose gates are coupled to mn&e Bfﬁnrt‘l:ramﬁtﬁrSS

d deg A
glrJ]IOIO][ IOeSOb§5 Coénlgt an%aﬂéaét & fér t&ﬁgqg%n 4sourﬁlee g transi sc{ﬁor I# Yrtedd

coupl ed to t hetrapsisteryg éarsenplﬁﬁﬂr by FWm@%mentemmmg tThe
output of the &wﬂﬁraf%raﬁssauaked e coapded Ftcpftﬁé am‘;uai W£ 2 aifriénhd 0

the gate aof trapsisto circyit -of Fi used a nunber

of agpl | cat i OTLEESF e sHARRS OREDRE GRErSESRIMRY FhY RHLEUE Bh S ho

out put currentcohpabatopr ientoupﬂ.edrt& thes dyplire bt radrs imtior 8 dd otgh

transi stor C b j e any val ue between zero and a val ue
e dats, B R

- predeterm e curren n this arrangenent, the i-nput. current
[err] is mi rrored byThecgirenitnpfr Figure 3 Mlhﬁallﬁﬁdeim g erunbemnrafigh

'E;?pf'ahgr 12. apdPciLibfle abnaodach prhi@%ﬁ@dﬁ“¥§'sHBﬁntihtﬁEgurEr§”“ J
' where the output current of the current mirror 8; 9 s
supplied by the current through transistor 2 can be
15 'adjusted to have any ‘value between zero and a value _
'predetermined by the current Ig. In this arrangement,'
‘the input current Io is mirrored by a current mirror 13
to provide- current I, through transistor 12. The voltage
" at node A will be proportional to the current Io when
20 transistor 12 is biased by a supply voltage on the second
reference line whose value is noticeably higher than the
threshold voltage of transistor 12 so that it operates in
its triode region. The input voltage Vo is supplied to
‘node C'via a transistor 14 acting as a transmission gate
25 element. The transistor 14 is coupled in parallel with a
' further transistor 16 connected as a diode and supplied by
a current IT‘ This configuration allows ‘the voltage Vo
whose value varies between 0 and that of the supply voltage
Vbp applied to the second reference 1line to control the -
30 value of the output current at node D in ‘the range between
'approximately 0 and a value determined by Iy regardless
of the threshold voltage of transistor 1.
| A second application of the circuit of Figure 1l is
shown in Figure 4. In this case ‘the circuit is used to
'35 control the transconductance of further transistors in the _
' eireuit by supplying them with a current whose value varies
with process and temperature variations.



’ 20 transistor 12 is biased by a subpfy volfage on the second reference line

- e

whose value is noticeably higher than the threshold voltage of transistor

12 so that it operates in its triode region. The input voltage [err] is

supplied to node Cvia a transistor 14 agtinng as a transmi ssion gate 25
element. The transistor 14 is coupled in parallel with a further
transi stor 16 connected as a diode and supplied by a current [err]. This

configuration al | owgHeenadctgridctidnces o r al terarifsoPainges 0 and

t hat \ gf the sggg%% OLta%ﬁﬁigﬁﬁ%ﬁf lied t the second reference line to
control the 3 I or RES urrent at node D in the range between
approximately 0 and a value determned by [err] regardless of the threshold
vol tage of transistgr Zl. q%_i;ec’@md application of the circuit of Figure 1 is
shown in FLgure 4. In E%'s se the circuit is used to 35 control the

t ransconduttance of further transistors in the circuit by supplying them
with a currenfafhdSe e¥RLNRSSAS %% with process and tenperature variations.
The transconductance [err] of a transistor whose current is described by |
= K(V-VT)[err] 5 can bg_gggrﬁgsed as [ERR] where Kis a constant of the
transi stor dependin&ﬁbﬁ'i *ID geonetry, on process paraneters and on the
tenperature. Vis-the voltage on its gate electrode and VT is its threshold
vol tage. Chanyberef K dr |a ianstanh mbsheortrangistoxrdependingtémnitsan be
compensat ¢ f g annr O ighiceddl gt "G dn ¢hé BShFBEatSEL] OF

be achieved if current ] _ ..
is the voltage on its gate electrode and Vp is its

; threshold voltage.
Changes of gﬁ due to process or temperature
fluctuations_can be compensated for by appropriate control

3 of current I. A constant g, can be achieved if current I
varies inversely to K. Such a current I is generated by
‘the circuit shown in Figure 4. o _

In this circuit the input current Id is constant or
very nearly so. Currents I, and'I3 are provided by

20_ current mirrors 13 and 19 so that they are proportional to

current I,. The voltage V, at node A is given by

I _
Va » - 1
2K32 - (Vpp~Vy)

Thus V, is in good appiOximation proportional to
1/Ky5. In the same way V., is given by '

Ve 4 Vg
c-v — . T
30 - g7 Vpp=Vp) |
: - Now, the value of the control current I, is given
by S _
35 | S |
I, 21,
T << T
12 17



varies inversely to K Such a current | is generated by the circuit shown
in Figure 4. Inthis circuit the input current [err] is constant or very
nearly so. Currents [err] and [err] are provided by 20 current mrrors 13
and 19 so that they are proportional to current [err]. The voltage VA at
node Ais given by [ERR] 25 Thus VA is in gaood approxi mati on proportional
to 1/[err]. In the sane way [err] is givén®y [ERR] 30 Now, the val ue of
the control current [err] is given by [ERR]: 35 For [ERR] -6- so that .
[ERR] 5 For tran%ﬁogductance [err] of transistor 18 one can wite [ ERREA10
For [err] we tR8s“H8Ve that f ERR] 15qbhus the transconductance of a

transi stor supplied mﬁtq:a urrént pr portﬁ@hal_to [err] is then

proportional to the squakerrigqy_ oy Yy O&T KRvaf ue nultiplied by 20
[ERR] i.e. independent or vdry RPar®ydinddfendent of process and

5 For transconductance gp,g ©of tranéistor 18 one can write

I, . [k, K
Imig =2 [IKqg__1_ [/ _1 18
v Voo Vr [ Ki2K47

10 For VﬁD>>VT we thus have that

15 . _ . , :
Thus the'transqonductance of a transistor supplied
 with a current proportional to I, is then proportional to
' the square root of its own K-value multiplied by -
20

i.e. independent or very nearly independent of process andk,/
25 or temperatﬁre'variations. ' : |
' The circuit thus mirrors current I, by means of
transistors 8 and 9 and passes this mirrored current to
transistor 18 or to other transistors not shown whose
| transconductance will now be held constant. B
30 It has to be pointed out that the current I, which
controls'the_transconductance of a transistor of type n
(transistor 18) depends exclusively on the characteristics
of transistors of the same conductivity type. For this
reason the control does not depend on the ratio of
35 threshold voltages of the n and7p type transistors.
~ Although the above description of the invention only
describes how the multiplication of two parameters can be
achieved by using n-channel MOS transistors which operate



*25 or tenperature variations. The circuit thus mrrors current [err] by
~means of transistors 8 and 9 and passes this mrrored current to transistor
. 18 or to other transistors not shown whose transconductance will now be

hel d constant. 30 - It has to be poimtZed out that the current [err]

whi ch controls the transconductance of a transistor of type n (transistor
18) depends exclusively on the characteristics of transi stors of the sane

conduct i vity &pp&hedd; tndicde gegdenshe itoks APHARE thatidhFERethe ratio
oL 35,}]I hres hOlEdaV.&h:b&gt ;]dimOfbd fi;éafli@ﬁtl m%wmﬁi@smé Qié?scﬂ}:;oétwujgikéxhﬁts f
above descri e jnven Qn escrib i pli ion o
two paranet eféhggn%%‘glfctﬁ "ﬁ?’ y %t ah %t&ﬁs E?Q#s %ﬁ#

oper at e i nwilddi bet me@i@q@glmhm-tytpe s:miﬁlsonmtthm@-swmefmarlex
can be realg sgdy ?%@éerfrw&t? 'H?; %Sﬁ%"{a&fér ;%é(::adi%%/%ﬁé;%él&? egentary

ones, e.g. that e transistors n e transistors,
the p-type on¥® Eﬂ?%sn types inverting at the same time also the pol arlty

l)

of voltages. 1015 20 25 30 35" - 8 - CLAIIVB
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5 1. A CMOS anal og multiplying circuit conprising a first transistor
having its current el ectrodes coupled between a first reference voltage -

line and a fir de and its gate el ectrode coupled to a first input node
havi ng, in use, an input vol uch that said first transistor operates

inits triode rfﬂumm' ran5|stor having its 1 0 current
el ectrodes coup mng

f| rst node-a®d an out put node, and a
conparator for cénparifhg " fsirst voltage at said first node with a second

vol tage at a second input node and for comsng the gate el ectrode 0f L
said second transistor to keep said first cond vol tages substantiall y
equal , whereby the current 1 5 through said second transistor is

propor (1 ong 5. ARG, Alatdl il @%Sgc.r combbida Ftl ARt
wherei n t he cohpuying oits cemcnsedestmdmeceup b@tplelenl @r firsti reference20
inverting i np“goft‘ﬂg@ Hﬂet fnd3 Cfnfs'trﬁédé‘o‘ﬁﬂi igh até %l@@t?odlé“’ Afﬂl@& ihd"%mflrst

coupl ed to sai Bput node and whagse o I'S cg e gate
g

of said second!®P%n avilg, 1t USGoRh 18PBY Fagemsyp ty §%iidt fastor di ng
Eo clai {n 1 25t hmdn@tmﬂ épesx@ltwrmah@t mfiodenﬂrglleﬁ§ a de@bﬂdt @rah@ﬁktéﬁ: lﬁ%ﬂ?g its
ransi st or,s e no or neg our cee S ou e 0, a
bonot ant AR oRERSHE eletftifes, kobiBfed  RAWdeRC 3l " FifG° midtel! Rl o
sai d | ong-t ai | addpaianda m:gnqmrptcnd foo mpanngoadfxrstpumlnagdeat tsiaéd cfirse of
the second trapgyst gy QJ%E %t#é@%ttﬁ éé’éﬁnﬂa'lﬁpﬁl?noaﬁ' BHdCfysP! ed to
the sal r or

said first node, rain ansi st sald ong tailed, ;

pai r being couﬁpéﬁoﬂbﬂghﬂlq rﬁﬁ!@ electrodgr ofnsaidi seepndyisarsisiarp e k@ﬁR:cﬁ@Fﬂ ed_/
t]9 theddr ain ghtrkheaﬁ&tcgé&ﬁd aftﬂt & s@fbsﬁaamﬁhllp Al Ingetiae?y,tﬁfﬁnﬁmw t

or sal S n ransglt stor or s A] aLr onstlLtutl n e u

oF the colpar atbiotih St Fossd Sramisar. B ropgiondl B ihstieraruch ol he
second transi sivoltages a19~sa1?d firsA {iigad and| sgcond tinplyi mgdesl rcuit according

to any precedi ng

-
-

2. A CMOS analog multiplying _circuit according to claim 1

wherein the comparator comprises a differential amplifier having its
20 inverting input coupled to said first node, and its non-inverting

input coupled to said second input node and whose output is coupled .

to the gate of said second transistor.

3. A CMOS analog multiplying circuit according to claim 1

25 wherein said comparator comprises a long-tailed pair of transistors,
the node formed by their source_ electrodes being coupled to a |
constant current soutce, the gate of the first of the transistors
forming said long-tailed pair being coupled to said second input
- node, the gate of the second transistor forming said long-tailed pair

30 being coupled to said first node, the drain of said first transistor of
said long-tailed pair being coupled to the input of a current mirror
whose output is coupled to the drain of the second transistor of said
long-tailed pair, the drain of said second transistor of said long-
tailed pair constituﬁng the output of the comparator and being

35 coupled to the gate electrode of said second transistor.



“ ¢l ai mwheréin 'said out put node is coupled to a second reference 5 vol t age

~line-via a current—mrror. 5777 A'CMOS anal og nultiplying circuit according

. to any, precedi ng Ieast one of said input nodes is coupled
to the output nooﬁ!ﬂﬂﬂ@“lﬂ urce and is coupled, directly or
indirectly, Larai nsof+a third transistor whose source is coupl ed

to said fi rst reference voltage |line and whBse gate is coupled to a second
reference voltage line on which, in use, the vol tage |s such that said

t hi r.dtransistor operéilgé i n |{s triode region. [ 1'5 A CMOS anal og

mul tiplying cifrcui tA & agalag auitipl Bmmé‘«l@“rit @&per@pa gasansbrmewﬁmg
node is COUD' etaith r whereint saidh@udpat mode i€ sbupled did raanecsh@r reférenceA CMOS
anal og nul ié{%‘l@l%g :l]rcw Laageordl € to claim5.20 wherein said at |east
one i nput otfi%ed® o tﬁ‘émé’é dL0t o the drain of a further

transi stor V\/nose source is coupled to the drain of said third transistor.

8. A OMXS amal og Nﬁ@@hﬂ?]o@arﬁﬂtﬁalm [t ta‘?:cﬁfﬁ’ing‘?%oa{ f}rcc&&iﬂi s

1to4vvhere|n at l'east one o €S IS conne
auxi i ary i npGlaifpdehereinaat deast) oae yo rsani;.lgp@tr ngdeseisdcauplechdogthee are

e S ARE e 0yt o oy
sai d auxsll aar); ﬂ%ﬁﬁ’é’dé’%ﬁ ﬁ‘d"i&ﬁ?ﬂ% tg'lhysgosoqr'cgggq §PHPfefdortﬂ1 E@‘%aﬁ““
el enent of a trememzswaimawtlme and whadedOgasnds ogoupledi pd ya rsgcohdcui t
substanti al l'y é'%l;'gﬁ § \;}B‘ﬁ{ég e WRdnMih ST EVsdde FVsuhe e SR

F| gures of th&
U third transxstor operates in its triode region.

15 6. A CMOS analog multiplying circuit according to claim 5
wherein said at least one input node is coupled directly to the drain
of said third transistor.

7. A CMOS analog multiplying circuit according to claim 5
20 wherein said at least one input node is coupled to the gate and to
the drain of a further transistor whose source is coupled to the drain
of said third transistor.

8. A CMOS analog multiplying circuit according to any one of
.25 claims 1 to 4 wherein at least one of said input nodes is connected to
N\ _ an auxiliary input node via an auxiliary transistor whose drain and
gate are connected to said at least one input node and are supplied
by a further current source, and said at least one input node being
further coupled to said auxiliary input node via a complementary
30 transistor forming an element of a transmission gate.

9. . A CMOS analog multiplying circuit substantially as
hereinbefore described with reference to any one of the Figures of
the drawings.




