;f-_I%eference current 1 oop. The invention rel ates ga
ref 8encecurrent loop. In electronics it regul arly happens that a

mul tipli city of identical integrated circuits (1Cs) are used for performn
a smmﬂsgsgql ectronic function. This is the case, for exam8.H).199Y> series
and parallel driver circuits for Liquid Crystal Displays (LCDs)
accommodated .in groups in a plurality of ICs. For a correct operation of

t he t he sane quiescent current is requir thr ough
al | %ﬁ%&ﬁeﬂ%ﬁ@ygﬁs of these driver circuits. Each IC cﬂgﬂs§hgeth£'s(mlenllil Bceg
nore final stages which nmay be fed with the sane qui escenﬂlmmm{ﬂm'
aid of a current mrror circuit whose input current is de

converting a known precise voltage to a current with the aid of a resistor
or other inpedance. The known precise voltage is distributed over all the
ICs and is thus the sane to all the 1Cs. Due to manufacturing tol erances i
the resistor (or other inpedance), the resultant input currents of the

current mrror circuits in the individual 1Cs are not equal. As a result,
the quiescent currents in the final stages differ fromone IC to the next

and the input W:h@éﬁndn%efaﬁbsttﬁ aoffdtehCeurfént ﬁ%bh Ih ©lectronics it This
tol erance problem generally occurs anmong group$s of 1Cs, an i ortant
per freguiatly bappens tiat @ mblsiphicityief ulenneeédn@gqueclmitg@%aaeésndr . It is an

»!

obj ect. of . t he inven N to probl em
Aot FtTofpinecE sneliiRbefond NGB il 1€ the o dor Yool SSpeBsFAEE £ i
end,pafIIP tiseméircuits fef iR M@rfdﬁlﬂﬂi%%la?@ A.CPs) accommtdated 1ﬁtgrb@pssih d Wo

mtegrated circuits, conprising eac a first and a second referenc

chr itye@fdGsa For a correct eparation of thecdrivet sircwiththetsamerquigspentiquireat and
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pr eq¢hfpries ok BF Rivee finalnstiges twiich Hagdwfed wit the saine quiescent current
with the aid of a current mirror circuit whose input current is determined by converting
a known precise voltage to a current with the aid of a resistor or other impedance. The

10 known precise voltage is distributed over all the ICs and is thus the same to all the ICs.
Due to manufacturing tolerances in the resistor (or other impedance), the resultant input
currents of the current mirror circuits in the individual ICs are not equal. As a result,
the quiescent currents in the final stages differ from one IC to the next and the input
current is to be adjusted for each IC.

15 This tolerance problem generally occurs among groups of ICs, an
important performance parameter being determined by the value of a current. It is an
object of the invention to provide a solution for this tolerance problem. |

According to the invention, a reference current loop is provided to this
end, comprising:

20 a reference current source;

a group of at least two integrated circuits, comprising each:
a first and a second reference current terminal;
a first impedance connected to the first and second reference current terminals;
a second impedanée of a similar type to the first impedance and having an

25 impedance value that has a predetermined pmporﬁon to the impedance value of

the first impedance;




the fivrst inpedance; . 2
a vol tage-to-current.- converter including: n i nput for
receivi ngﬁa vol tage difference occurring Thiéfhgeidhas BiveRéplacst. and

secoRIN dBe8%nce voltage ternminals,2and arf ppl0O8. TGy 1992 out put
current which is a function of the inpeda e second

i npedance; a current mrror circuit conprising an input branch and
at | east amoltageorcurrent convérerifiludinge i nput branch being coupled to the
out put of the voltage:-to-current converter; neans for nutually

coupl i ng t he r &BJBRY T0F receiving a eltagecdifferance ocaurting betweaentthe irstiandl s~ of t he

I nt ted ci LS, Lve.fhrst .inpe f .t.he int ted
ciroui ts for m ry ReueiEuck SAREEL b,y ATRERR TP srpbyihe smBvBPte of o ence

current sour ce currehhwhivhris @ Sun®ival dfathe @Mpedance value of the sebBfd i nvention is
based on the under;tan_di ng that all 1Cs are included in a closed current
| obp in which & ce current flows. This current which is equal to all

| Cs, i : - e i id of the first
| mpedance MUt hitxr Skl LG Bl brch b B 1B1SF o8 BB 1o 11 the
vol t age- t branchy ¢het inputrbrendtebeing eonpled &otheasutpist of the vbitdgelioldipRaance is

converted to an output current whose magnitude is determ ned by the val ue
of the seCBMYFeFpedance, again preferably a resistor, and the voltage

acr ogfesh f 4 @'&gﬂ g;,:ﬂg% t -t o- current

converte?ﬁ?rsm?%%gypr pgl:éﬁlﬁ%ﬁa %vétﬁéz?ﬁl%g@ r%%re&?gn&\gﬁéﬁghgge‘g e of the
st onfl theointdgaated tirciits, fthe sespéctive dirstcimpetianceCof drelin@igedyd theuitsat i 0 of the

val ues aof two.i npedances, such as_resistors, capacitors and transistor
j unct9HEe aé&ﬂeﬁggma@f'é?% mcﬁmmwfoa@euplmgeqhy refgrange cyEenigspuLse rtheC. The

magnidriddeconibihdipnout put current of the voltage-to-current converter thus

has a very accurate predeterm nable relation to the magnitude of the

ref erence curr dike ifiventiongs based lon the fundersmadiog thatrdll 1Gw4are ildledédinna/t current
fl ong, is%]o t grﬁ | nput {?ﬁnch of the current mrror circuit of which, as is
knowfOSEhEUIRent 169P 0, which 3 zeference curgeny flossyThiscureany which is:aqualitoi n' t he

dessi an 10§, Rcon ts féayvr o f anches of
the current m %ﬁ@ifg%@tlﬂus a g%lﬂgg%gg%grgguﬁmﬁ?gﬂﬁ%ggéwgéﬂr ately

pr edatpseferned lembodiphent iivarrangedas a rebistornhie thewoltapé-to-current converter thé N t hi s

Tan n%ltatgro}:earc(raosisSthéle rr‘fi»t(_:ir\ﬁ(i';gldatnrc]:gltis E:c?nevelgtgé rtggrtl %utip?lt tcxrllr?encéu\}rl?ousg nll)arg%?nclgee iss
determined by the value of the second impedance, again preferably a resistor, and the
voltage across the first impedance. The output current of the voltage-to-current

20 converter is thus proportionai to the ratio of the impedance value of the second to that
of the first impedance. In IC technology the ratio of the values of two impedances, such
as resistors, capacitors and transistor junctions, can be determined very accurately in the
design of an IC. The magnitude of the output current of the voltage-to-current converter
thus has a very accurate predeterminable relation to the magnitude of the reference

25 current flowing in the reference current loop. The output current flows into the input

D

branch of the current mirror circuit of which, as is known, the mirror factor may also
be determined very accurately in the design of an IC. The current flowing in the output
branch or branches of the current mirror circuit thus also has a value which has an
accurately predeterminable relation to the reference current.
30 In this manner there is achieved that the currents in the output branches
of the individual ICs are mutually substantially equal. These currents may be used as a
quiescent current in the final stages of aforementioned LCD driver circuits. Naturally,

i J




of the individual ICs are nutually su_l??ig_ghnt i’? | y equal . These currents may

be used as a quiescent current in the mﬁr eplgtedaf or ement i oned LCD
! 11} 08.10.1992
lmappl i cation where a

dr ipgag 18igogui ts. Naturally, 3 l ”
3 they nay also be utilized for any

current -dependent performance paraneter is concerned. For exanple, for

mulyg .- | peielized! ~ ' _ - Lty of

di gj!:\ é['yaﬂ%-g ?grggnbaeld‘(i)g cor?/lte%)gir;@ﬂg o%@gﬁégga? Meﬁg?‘vcﬁglﬁgﬁ @Afﬂéé&éé‘?ld whose

op geformancespabaneter sconbemedioFdr example, Fof hdlti-shavel digital-w-analvgnar y wei ght ed
series relative t?ga ref erence current. The reference current

| o6pn¥RTEiOR dyntay ef & mluralityeofidigitalite-analpg convesternarcapuradatading hat t he
CUnRL &Y %%%h&s%fé%gag?ap%b&%ﬁa&ﬁeﬁzﬁreadg{:]aoﬁ'df cLP:%nées%Ei 12 foih§ 2! OOP Ay be

varied by varying no han—a si ng reent, 1. rererence

§ ubiary weligtited seties| relatieacy waéfersnce cpmentl C are not necessary for providing
proper tracking of the |ICs. The reference current source

causes a vol tHcrefarenee st lopAcEerding: oethe inventipn i BUEEs. The absol ute
I LGSt ' 18 th
o SRt B uish B e BERANER (RHOLRRNGE SARER of Sl BERES el 0S|

nunbep maly beGaried Bty m{mbmoqnmmed single curres, i.o. theaeferéreaneent ur r ent

| oqp., For_ obviating this _drawback an enbodi nent of a vol tage-to-current
corfdividual preadjustments; perIGeare NPk Aegessary Jorcproviding: propey tracking R the he
igolfggye-to-current converter conprises: a first and a second
operational anplifier, having each an inverting input, a non-

i nverting i npLhe mfetemoe custentiSourtd)causesa ivoltage drog torpodr adrodshthef i rst and th

second, operational anplifier_respectively, being coupled to the
fi Ayt W%ssﬁ%%ﬂ“e voltageqn-the first ieﬁﬁ@’e s FWPFFaP‘?"F@EpeCt i vel y;

a fobiith ' | &4 : lectrode, a
fi rtst nal?ﬁ?ﬂﬁs?ﬁﬁ&gﬁle@??%@e%%th;c %@'n%?%r 0 e‘?tmtnh@ t?:ite)nt r ol

el eminbed ef dCs tiat nidyr tes conndctedién series in the referdnée eursemt tloop. (Roypect i vel y, Dbein

coupl ed to the output of the first and second operarional anplifier
15 csfiating dhig drayea Kiansembadiment| of & Yoltagedp-chrrent; GANYerterapcoRiing o second

tr [ : IV o7~ ' | LLput of the first
andl iiielfion BEARRIdSREY, il o RHIRER-bitrenk SolfARE COBBEMIPY O o

el ect r odefirst and a secdnd! dperdtional amplifiérh haviag each an invertigoinpbt;iawgpnAut ual |y
coupl ed by wa | npedance, .t he_i nput .branch, bei ng

é .of the second
connect dBYGTHNE dqaput and an putnut, A MORARYETHAg Pyt Bf thenfirst and thesegond
operational amplifier respectively, being coupled to the first and the second

20 reference voltage terminal respectively;
a first and a second transistor, comprising each a control electrode, a first main
electrode and a second main electrode, the control electrode of the first and the
second transistor respectively, being coupled to the output of the first and second
operational amplifier respectively, the first main electrode of the first and the

25 second transistor respectively, being coupled to the inverting input of the first
and the second operational amplifier respectively, and the first main electrodes
of the first and the second transistor being mutually coupled by way of the
second impedance,

the input branch being connected in series to a current path formed by the first and
30 second transistors and the second impedance.
This voltage-to-current converter in the reference current loop according

to the invention is therefore arranged as a floating converter. Consequently, each IC




second transistors and the second i npgdanhce. Thi s
vol tage-to-current converter in thenﬁﬁ'iﬁmiﬁ Replaged | oop according to the
[ ' is therefore arranged as a f er. uently, each
| BYAPR7 S fs 2 DI < o= es2

i ncorporated in the loop at an arbitrary location. As a result, the out put
current of the volta%(;ato-current converter is also su%p“lied froman.

afaay) R eomorated necpop 3t an arbitranytlocatione Asip result,she QUIDKL CUTTRRE t hi s out put
f . T et
o JF M olthe el QIPnde'S QIR B abodfiul VRREE w10 BT 00 e

vdiffergnt for\eath 10 By pemitingethis’ qutpatl duriehetd flow through the input brahbk i nput s of
the operational anplifiers draw a n\fqul i gi.,bl e current and therefore hardly

| ®idhe eRrTens TRISTRr CIICHKFUTEENty Perome available in thexpufputbianch phpraghtses. This
- ' ' . f [ | f Il the ICs.
5 76 off WERo1eeB VoI EEP fekEuunibn iy Balal o6F BTG fCE LU0 1° el ence to the annexed

drawi ng i n Vitiecinputs of the operationaFamplifiers driw\isnepligivl® odiirerdndof a ref erence
current |oop according to the invention, Lgure 2 shows

d
artherefose Y, d0ag ghe gu@ents, ﬂ@miﬂﬂam%%rﬁfg{]aﬂdoses@“% E‘EEanﬁceé!: fSer ence

CULL: :( ' | | In these draw ng
Filégilijlr%gés @?e%@%ﬁ%ﬁégﬁgﬂg\%@%@F%eﬂ%tll}ﬁcl'f:isbns have |i ke reference
nunmer al s. The invention willDiowvbe uftheylexplainedhwith referenc ¢altheent of a referenc
current, | oop according to the invention. The transistors shown are bipol ar
0: rappexed; drawing; inwhigh { he base corresponds to the control el ectrode, the
emtter tot i W : econd main
el ectrode ofﬁg ;ee{%ony st%lrﬁi.)&ﬁn ?gfu@g%e}be?g%ﬁgérré@?g%ﬁé%ﬁlgsé SO0 uni pol ar
t nhefrivehtiors, amdy be used, in which case the control electrode, the first
mai n el ectraode a t he second pain_ el ectrode then corr%sépon .to the gate,
r

source and dFEPTE 4 SRQye-An JUsrpatver vallage-torcyraent copyeriel;to bgruseq iR al oop
C%@@%uﬁeﬂf@dg a%offdiﬂgetgr ﬁﬂ/eﬁi'i%tﬁ“its (ICs), three of which have been
y e, r

shown way o xanple,” referenced 1, 2 and 3 and a reference current
IS5source 4 whilnhthesepjrawing Bigores elenments oricomponehtseiavingolikofimetionsyer mane to th
expl a tiog are sho in 1C 1 The further 1Cs are identical with IC 1 and
Vgﬂ@ﬁ,ﬁe FRNGC MOMSTAS-cal ly. 1C 1 conprises a first reference current
termnal 5 G r tet ' \ St i npedance 7
?ﬂgag?gé Sﬁﬂ%ée 1 s‘ﬁBg:? SR Enbodimént!of laSlefirifide <ﬁ.\sn‘e§t 2%635

I S connecte Se reference current term na 6. The
i raceotdingeto/the Snventibrr The framsistersishown ,aré bipolar transistors of which the

base cori'esponds to the control electrode, the emitter to the first main electrode and the
20 collector to the second main electrode of the transistor. In lieu of bipolar transistors also

unipolar transistors may be used, in which case the control electrode, the first main
electrode and the second main electrode then correspond to the gate, source and drain
respectively, of the unipolar transistor. The loop comprises a group of integrated
circuits (ICs), three of which have been shown by way of example, referenced 1, 2 and
25 3 and a reference current source 4 which supplies a reference current Iref. Components
germane to the explanation are shown in IC 1. The further ICs are identical with IC 1
and are shown only symbolically. IC 1 comprises a first reference current terminal 5
and a second reference current terminal 6. A first impedance 7 is connected across these

reference current terminals 5 and 6. The impedance 7 is preferably a resistor, but a
30 capacitor, a plurality of transistor junctions or a combination of said components, is also
possible. IC 1 further includes a floating voltage-to-current converter 8 constituted by a
first operational amplifier 9 which has a non-inverting input 10, an inverting input 11
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"pa,citor, a plurality of transistor juynctions. or a conbi nation of said
bnponents, is also possible. 1C 1 furt’ eetflffechi@sm&eJ | oati ng

ol t age-t o-current converter 8 constit operat | onaI anplifier
#3899 a non-inverting inputd 10, put and
an output 12, by a second operational anpllfler has’ a non- |nvert|ng

gnput 14, an inverting input 15 and an -output -16, by_ a first NPN transistor
| 7 anch as @ntpudi IQNb‘y tarmdsbmaﬁh&ahamdphﬁaewhnﬂ hasmeumﬁmerﬁﬁg dnputild; to
{ npedance

7, ﬁ |nvert|gg %ltsgég%and 14 e conng& to the
e?@ﬂ%mn%m% §ap ARt 1 Bﬁ& st E’P‘i"\’%?’y iTh 8O ng inputs 11
L - d
,?Pﬁfr?éﬁé‘?éﬁé% L fpeBRec’ 1) Wlal 18 impenb 7P Thb b iverihe S een the
‘eminguts $0 afd t1|4€arc eemtected\te the referencalcureem terminas Si adof sespectively. 18. The
g ‘tjtgﬁts 12 and 16 ignnect ed @8 tﬁF bas { t he resP tive first and
_ d“Y?rHH%ﬂ%H%? @re gonnegigd 19 the,em 3538 eSS At st or s f or mi ng
| ﬁ?ﬁfgis&&s 174!, Fhe 38chnd Jutte 19%%s lifgiBred (Rrweth thE bnfipeyer ter 8.

rirnclu es a PNP curre mrror circuit 20, whose I nput branch
i s ofmhsraspmtwd firgt anmbeoohd aanmmdm 18. aﬂxamttpmtsﬂ anddl6urese out put

branch i s, co i tut d PNPtr nsi stor 2 te of transistors 21
an§oBasCIFdto, c‘gﬁ M?ef’%fé set“f’ﬁe ‘{g%'t%F of the first

t 1 3BALc6R of Whick u%ﬁﬁ%fst ﬁ?‘mﬁ% ﬂhEEfe ﬁﬁ.célit?u@futd&ﬂ”ﬁ ot e v%ita%éio that the
output current 10 of the voltage-to-curre converter flows through the

10ngorcutrentreomverterc®ir rent mirror circuit 20. The base-emitter junctions of

transi stors 2 .ane,co ted i paral ] e ent, mrror circuit 20
produces a cﬁhgﬁ?“ﬁ’f W/ﬁl}‘%ef?ang &b B

BUGOF cirguit ﬁ@JWhT’?ee'EP‘btr of transistor

22 bri)th'8 cBndtitdied dyd ﬂtﬂh@aﬁuﬁg&tPﬂP%ﬁs@i 24 UindSWhoseidutpit bearchyst 20 is
shown. Qut put branches may be added by neans of nore transistors connected

si reohstituted thy PNBteansistor 222 The emitters of transxswrseﬂ: ehd 32tage cornected toecond
transi st or ected t e |n branch of an NPN.current mrror
] st vl V. Thar caligion O neceie BghsiRhE 1 B CongPel R g e i 1 or
1§51 rcolbdtor B BRASINOOSE, W&e%@ﬁiﬁ'&uﬁﬁﬂﬂd @tsthév@) Hageeicdrient | f so desired,

gither of the current mrror circuits 20, e omtted. In that case
t heoowerterdiaws thooughs the dnpt branchfafrourrent ansos cmcanOoThmbascmmetond

trans'Storfjﬁ'ansmtors ZP g%mect ed to the B@l irr lmeq ta e. \g/gPE%? t he negative

vonlt vol tage drop

tOpis&d&saCdu%ﬁt 1D hich dby b ffﬁmY Wfécﬁb?'o?%ﬂﬂm%i?m' Nocmpeer t ed by
the voltage-to-current convert r to an

than a single output branch of current mirror circuit 20 is shown. Output branches may
20 be added by means of more transistors connected similarly to transistor 22.

The collector of the second transistor 18 is connected to the input branch

U_"_)

of an NPN current mirror circuit 23 which is arranged in similar fashion to the current
mirror circuit 20 and whose output branch supplies a current 12. If so desired, either of
the current mirror circuits 20, 23 may be omitted. In that case the collector concerned

25 of the first transistor 17 or of the second transistor 18 is to be connected to the positive
voltage VP or the negative voltage VN,

The reference current Iref causes a voltage drop to occur across the first
impedance 7 which voltage drop is converted by the voltage-to-current converter to an
equally large voltage drop across the second impedance 19. The voltage difference

30 between the inputs of the operational amplifiers 9 and 13 is small. The output current I0
of the voltage-to-current converter is proportional to Iref. The proportionality is
determined by the ratio of the impedance value of the first impedance 7 to that of the



qual l'y*large voltage drop across the second i npedance 19. The vol t age

i fference between the I nputs of the oﬁbw&hdeﬁnah@ﬁ,#;[d ers 9 and 13 is

Smal | . The output current 10 of the volt converter is

pr oPHIN 13887 to Iref. The proportiénal |t d bP8i1Pel992ti o of the
i npedance val ue of the first inpedance

6 second i npedance 19. Since the ratio of inpedance val ues can be

det sscond énipedanoe 49 eBince the Mtibaftimpedaice valves eai be detferrhhxedmncumwly 10 to the
reference current lref is also detern ned accuratel The mrror factors of
t heitcIf techpolegy, e ratio ofithescurrent M to theargferencs Gusrephlighis 5Q0 be nade very

acc I t he
oCC Bl otk By R Sk B YuBRYAG: SRA RAPH R 1
i deas iscldowrd, aisoebe madé verysacsrdate. s £ aesalt, there i d véﬂyeacbﬁate relatidnat t he
current 11 and the current 12 are substantlally equaII large in all the

s betmgen thejenrrends [hand Iref and between gfel qurEenti2ognd el S %rﬁgr ce 4 f
|
var gqfé%gaéi tHa ?éi%ﬁd?t@t@ﬂl ve &t 'ﬂll_ﬁt@ I tE@tﬂaﬁh % }Y?.fx&% y nmeans ot -a

sin curre ows fromone IC

to thteertteiztare Anbstintially reqtiallyolacy invail merllc}snByfrentlartdgethb coprentfrefof . This is
achi eved by utilizing operatjonal anplifiers 9, 13 whose non- |nvert|ng

i npihesTetRreage, CUrBRa seyree Aorasiablee hecenrrents Ik andi12qof all thel(s may be
The &{Bg g,oftg%%i] lnﬁu&mén e used for all sorts of purposes, for
rrpg'ﬁ.i S a qui esc i

exa urrent for a final stage of a driver circuit of an

LED di spl ay orThedoop cefrentdrefeflows fromi ofeclC o thegiektl Af GE€dnabdw convert er
conpri,sing curyrent sources. @ynﬁﬁg ng Figqure 2 sh vvs an

al téPWé& purzen; §Tom Jhe JoopqyrenhThis is,achieved mgQRsre qval amplifiers] and the
nony ﬁx%ﬁdsegtgg rig%%—ngé @%mﬁ%&t&%&& (e RerfBR! dulrtent te%ﬂuﬁap?sgﬂar@ct ed by way

of résistors erence current term na

respectivel y, Thercusrentstiil cind!drd2fmays be mmleﬂnraﬂiesoi‘tmﬁplmses;tfad The .

i nverting in EUt 31 is conn cte hroupg a resistor gS to.th utput 36 of
t he C¥HBPIE; A% A uicseRnt cprTent fop a stage ofi@ dstyer gireyit o %’d by way of

| 187 B A REIARGAL 17 4 Bl @bl el iy %‘ﬁﬁ?‘?@“appf es the

current 10 t o Diawing Figurd)2 shaws afi altemativewoltagerto-@urrent convertém8n shown) . The

resi,stqQrs 34, .38, 3 nd 35 have.the respecti ve val ues R3 and R4.

e The vesiing st 31 g the por-IvepLIRIRER ff;)?f Sonal Spenliier 30 ro ¢ hen

| O Tolthedied By 724 B} %ﬂ@{s ¥ 3r1d°34 PP ctlhemseeﬁﬂﬁtg sapgence 19. Thus
urr 1S

t he out put nctron o e i nput voltage U n.
respectively, across which the first impedance 7 is connected The inverting input 31 is

20 connected through a resistor 35 to the output 36 of the operational amplifier 30. The
output 36 is further connected by way of the second impedance 19 to an output 37
‘which is connected to the non-inverting input 32 through a resistor 38. The output 37

applies the current IO to the input branch of a current mirror circuit (non shown). The
resistors 34, 38, 33 and 35 have the respective values R1, R2, R3 and R4. The voltage
across the first impedance (7) is Uin. If R2/R1 = R4/R3, then IO = Uin/Z * R2/R1,
where Z is the value of the second impedance 19. Thus the output current IO is a
function of the input voltage Uin.

The invention is not restricted to the embodiment shown. Unipolar
transistors may be substituted for either all or part of the bipolar transistors. The current
mirror circuits 20 and 23 may be replaced by more advanced and more accurate current

mirror circuits which are known per se from the literature.




The inveéntion is not restricted to the enbodi ment shown. Unipolar (. :
transistors may be substituted for ei tThiShelHas Bécn ReJidcef the bipol ar :
transj . The current mrror circui.t ' y be replaced by nore
ad¥ ﬁigéid nore accurate currert ni rrmmﬁﬁurm Mi chs%rrlg-ll?ﬁgvm per se
fromthe literature. CLAI MVB: ; ' Ref erence
current |oop conprising: a reference current source (4); a group of at

| e€EAIMSS integrated circuits (1,2,3), conprising each: a first (5)
and a second (6) reference current termnal; a first (7) inpedance
connected to the first (5) and second (6) reference current

term nal s; a second i npedance (19) of a simlar type to the first

i npedance (7) and havi ng an i npedance val ue that has a predeterm ned
proportion to the inpedance val ue of the first inpedance; a
vol tage-to-current converter (8) including: an input (10, 14)
for receiving a voltage difference occurring between the '

first and second reference voltage termnals (5, 6), and an output (24, 25)
for supplying _an output current (10O which is a function of the inpedance
value of the Referarreouseeatinep qompyising: a current mirror circuit (20)

co } SinNg | b ch (21) and at |east one out put branch (22),
thg?&ﬁgél??ggrﬁé.ﬁ%tﬂ&g%é@gi ng coupled to the output (24) of the
Vo4 lgagifp datClesst ewd istegnatsdt cifcuitS)1,2(8)a06mpasingehetal |y coupling the |
respective first (5) and second (6) referencg current

a first (5) and a second (6) reference current terminal;
5 . a first (7) impedance connected to the first (5) and second (6) reference current
terminals;
a second impedance (19) of a similar type to the first impedance (7) and having
an impedance value that has a predetermined proportion to the impedance value
of the first impedance;
10 - a voltage-to-current converter (8) including:

an input (10, 14) for receiving a voltage difference occurring between the
first and second referehce voltage terminals (5, 6), and an output (24, 25)
for supplying an output current (I0) which is a function of the impedance
value of the second impedance (19);

15 a current mirror circuit (20) comprising an input branch (21) and at least one
output branch (22), the input branch (21) being coupled to the output (24) of the
voltage-to-current converter (8);

means for mutually coupling the respective first (5) and second (6) reference current
terminals of the integrated circuits (1, 2, 3), the respective first impedances (7) of the

20 integrated circuits forming a series combination and means for coupling the reference

current source (4) to the series combination.
2. Reference current loop as claimed in Claim 1, characterized in that the
voltage-to-current converter (8) comprises:

a first and a second operational amplifier (9, 13), having each an inverting input

.25 (11, 15), a non-inverting input (10, 14) and an output (12, 16), the non-inverting

input (10, 14) of the first and the second operational amplifier (9, 13)
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termnals of the integrated circuits, (1, 2, 3); the respectlve first
i npedances (7) of the integrated cir
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characterized in that the voltage to-current converter (8) conprises:
a first and a second operati onal I|f|er 69 13), having each an
i nver t fespectivglys being coupled to thesfirst an tqf%“%wiag(’ﬁmlﬂl) and an

out putg(Jﬁi Ssé%%qélge non-inverting i nput (10, 14) of the first and
t he set€dn Y5 ¥nal anplifier (9, 13) respectively,
bei ng gl ad d@ecbﬁ@ufansiﬂbrmq I8heconisriditty eathed ol electrade; 4 er m nal

(5, 6)_respectiv a first and a_second transistor (17, 18),

conpr i 5rstgnain elec HO%Q)PM leﬂédﬂ%m@de, the controk electradepfdthect r ode and a

5 350096 g Fhe Rl Sandf RO B0 e RSP URIY cdibica 1 he opfit 5L 20l 1 e
(12, 1602, q6) ofthd fifst and8etonié tiofd raniplifiea (9 219! reipeeﬁvﬂ?, the3)
respectlvely, t he first main electrode of the first and the second

transi ﬁgs;rmqmplecmgle ok theofinst gud the second transisterg(1dod 8) easpectivel¥e i nverting

I nput e e lonal anplifier (
13) reé%)l;e1 V‘BelF&) nbﬁﬁﬁklﬁélﬁdp ! eq?‘}ﬂ? O(PQ?%{@% first and
seco gdoperaﬁmah( & hmpﬂlh ﬁbﬁ(Q]gl?ﬁ)‘géwtﬂbel)g@ﬂLtﬁd ﬁbst mﬁn elléctﬂgﬁas 6fthend
i npedance (1 t he i pput branc 1) being connected in series to a

0 curr enfirss and seqand mm&!smﬁauwxsow gmfaw,féhamﬁsi stor (17, 18)

.and thgn?%%&j rgypedance (19). 3. Ref erence current |oop as
cl ai nme n a 1 or 2, characterized in that the first and the second
| thecidputchranche(213 deingwonnected in series to a current path (IO) formed by the first
and the second transistor (17, 18) and the second impedance (19).

3. Reference current loop as claimed in Claim 1 or 2, characterized in that

15 the first and the second impedance are resistors.
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