2132829 PRECI SI ON CURRENT- SOURCE ARRANGEMENT. The invention relates to* a

precision’current-source arrangenent for generating a plurali tzfﬁzgzgtts
~whose val ues are proportioned accurately relative to each othe

\_jrangerrent 5 . conprises - a current- distribution circuit for gener g2 n0g

. a phurality of currents of substantially equal values, and - a switc @

circuit for switching the r C Lribution cir
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‘bet ween out puts’ of the sw such manner at a cycle of
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-exhi bitingsri ppbesrieks ch depend on the differences between the current S

fromthe current, %%Eéﬂ:bﬂié&@bn‘}ﬁ'bﬁ Lu.itmftu@br ageaeegeiag QN pEik128) oEOUr CE
arrangenment nay be used for exanp a_digital -to-anal og converter

Wwhi ch requi r es S¥rasaL3f Wé‘?séﬁ?'e‘dl%%rqqé‘%id‘la ¥&for é?f’t s whose values are .
proportioned 26 a mewmge&iy:cﬁﬂd &bt mita;mgctheot:nlmrents'l'\mod(ruhm such

precision current-s nge 9V, a ation
principle, are ey {) g tga J? ‘gste b catélugﬂ"ééslgsd%’?{Sggé"%aR%%‘%
- 'These arramgermnt:bs memroyh%t: emycéatofdpstmtbutqnenofc|spt4uet=rmteh suppl i es a

plurality of 23epedtdiiyRbeusshef an¥alditecive Al SitPats Yan@lirh dd1deach ot her
due to the limted accuracy of the integration grocess Eac output

carrent, of thSUEHARECH SHLTAhER for eaqh ABH QgtRitc BUriBRpTacBeS et eady current
conponent of tkresyleihg i visd cerments avapkablepas sdiibputputsahavilpplayevsgech :

depends on t e i {LELENRCS-OSIGRR A SULEENY LATRA0 o 4R other and

current-distri I on-"Circul current conponent on

each out puts i sesbthiting ripeleg,¥highecdapgand onothe Héf%ﬂ}'ﬂ’-%ﬂ?t betvegh thee.

current-distri but»téamscmroﬁume cmehagﬂdcwmaehrmete t| rre of t he
Sswitching circuit the val ue i pple 1S zero. gn be

filtered out by ar rsétﬁ‘gu"na‘%t“ﬁ‘?'t é’?’r s%‘ﬁﬁ%c’?‘t’&?gegﬁn é%ﬁ out gu‘f 0t the

swi t chi ng circiipt .example, a digital-to-analog converter which requires a binary
' weighted series of curreants whose values are proportioqed
20 accurately relative to each other.
' Two known such precision current-source arrangements,
employing the dynamic permutation principle, are described in
Patent SPecificatidns 1479535 and 1526642. These arrangements
'employ a current-distribution_circuit which supplies a plurality of
26 currents whose values are not exactly equal to each other due to
" the limited accuracy of the integration process. Each output
current, of the switching ciréuit in consequence comprises a steady
current component of the deéired Yalug and, superimposgd on it, a
. ripple which depends on the'differeﬁces_bétween the currents from
30 the éurrent-distributiou circuit._ The value of the steady current

component on each .output is equal to the average value of the

[ 2}

currents from the currentfdistribution_circuit. Averaged over each
cycle time of_thé'swiﬁchingucircuit the value of the ripple is
~ zero. The ripple can bé fil;e:ed out by arranging a filter
35  capacitor on each output 6f_the switching circuit.



A di sadvant age of the use of such filter capacitors is that because of

' X ge values they cannot be integrated but have to be added to the

N.¢d circuit as external conmponents. This requires additional -
connegfion pins on the |ntegrated Qircuit, which entails additional costs.
. For exarrpl e, in the case of a 16-bit di gltal -to-anal og converter enploying

such a precision current-source arrangenent 16 additional connection pins

are requiredd disafvantageigfcthe yse tafesyaky EHitied ncapacitiors gia ghathi s 10

di sadvanbé@ase 02 Lhdi® - Lotde dvdluts | thiepeantbt BRL 1RQGESadbEARGRTREL Of the o
type set forgh in the o(genl ng ggﬁagraﬁFh I s characterised in that the

arr angen® % 5O B FRessE Bt 3% S PRLI PPHERES v Ihfthr oni smwith
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circ detectin deviation of t resufting value of the current at
t hat outb‘ﬁ’t ¢ r'ﬁ%"gﬂe t9a?’i3é°%f°°&"?’éf‘ér%ﬁ?&@”@§r?‘é’r‘i‘tadﬁ&cbﬁiﬁér ating an out put
si gnal represesioatid artdngbibdt (e \dddltivial aobnddtion -piasCaret rol Ccircuit
arrangerrg% %ﬁ gponsive to the output of the detection circuit for
controllin € currents constituting said at least all but one of the
i ndi vi dual olit gt ag pbiegt of othet fnveptikqne o -mdit&gatiebthdson circuit in senses
suchygas AQaang‘uﬁgeI he devi ati ons detected. (The said occurrences nay be all ,
at the sane % 1 ut of e switching circuit or, for exanple,
different outhURiA=frdpd RFRGLAIOR FUFrPRiSSORECe priaggmant of, she Jfyae; nd| vi dual
out put csetr §ottdy inluhehq&MnQVplaeqrapbdmgnhmdtémEd|:trn tsatpebs&i bl e to detect »
t he devi E?énegﬁ s g EP%% currents fromthe current-distribution 30

eac

circuit ot her I nvestigati ng the current carried by an out put
of the swat datesgien Féﬁ?‘t“aﬁ‘&"té"c‘d’r“i!@'é’ﬁl $h @igh oceprrenpes of t #fe

currgnt - Ihaitrﬂllubh@rbnéldfCHhé ,inafbiﬁﬁﬁpfbﬁﬁﬁxtt euimwesfl gihd Ons detected in
S ol SRR EE PG BLOP sy SRRk S ol e e TLITLE, L0,
when sev@ﬁﬂghi*y-égtqnténg the deviation of the resulting value of the :
current at that output from the value of a reference current and
generating an outpué signal fepresentative'of that.deviation, and
20 - a control circuit arrangement responsive to the output of the

detection circuit for cohtrolling the currents constituting said at
least all but one of the individual output currents of the
current-distribution circuit in senses such as to reduce the
deviations detected. (The said occurrences may be all at the same
25 output of the switching'circuit or, for example, a different output
may be chossen in respect of each of the said individual output
currents). _ ' .
It has now been recognised that it is possible to detect the
deviations of the various currents from the current-distribation
30 circuit ‘from each other by investigating the cur:ent cafried by an
output of the switching circuit and tb'correct the currents from
the current—distribution circuit, in response to the
p_deviations detected in such way that the ripples are almost
eliminated. This may eliminate the need for additional filtering

3 using filter capacitors. Furthermore, when several precision



current-source arrangenents are connected in cascade, it can enable

interaction therebetween, which can be a problem to be substantially “",
reduced. (When. known precision current-sourcg arrangenents are cascaded yhg
ri ppte inone stage can substantially 5 aifect the output currents of

t he next stage) The precision current-source arrangenment may be al so

characterised in taﬁke&@%oéﬁaeesﬂaq%&n&stm et shicdseand, aid @an Gnablie

resulting value in synchronismwt urregges of, .al | bu{, one of said
i ndi V¥'dual out put TREFRAFiE EhREeRaTEeqRar WteAcEAm B0 @ BEIYEM T°sPtonstituted
by the remaini ng abetaftiabey Iradxcuaduammkpmtn preciendrs cofrenesource

cur rent - di St buti 4Gl gt are HAScddla!Fh GhodliCyP A o hll IGA! SutRbud 0l DO

made effectively equal e value o rrent
current - di st risbut i affees rthai Qutppt currentsffothe ert stage)-ef erence. The

detection circuit neednmbrééienonlEurrewpwuyc@rareaﬂgeu&ntshﬂi\ade sndo' eSIoondl ng
to the reference cyrrent, h ansg that a control cjrcuit V\?%%F ’\é‘wz

ot herwi se be reqw"r agheri ??dg c{ﬁ chion CLIRMAE dPERFYLS, 52 Fedtd9 g
occurrences are aldf abe tresubcing valu@uin synchbenismi ¢ithi thy occwrwedceshef all
preci sion current -gQuUEEe o@rEﬂﬁgmgic*myo&?ug(éurrﬂéo &Qaﬁl‘?ectrgférﬁﬁge' n that

the detection circuit co I's connected to
the said outpue of“-“cfﬁenfs\th%Pﬁb““GF‘i i -£heg Femadming, °éﬁer~eF-l‘% ipdiwidurk ent on

this output into aodcghé Qﬂ?rem:sa& %fraldui.-ta{t—as“&mwubava&eum | tHeCHaTuRE of
first input to whi

h he sai d, output .of. the switc
circuft by ani soléi 8 B eEaf)‘h' “‘é %o‘ﬁd“‘f%pﬁ%to Festrceguatete én‘f’ ég‘é?%nce
vol tage, and an owfpehatieucientsfmeupiecdutmentiistrimtiompeitedly whishcind.
resistor, and - 2 fighedddu) iR Fiekiide.N3tkNge2E ioﬂpF{rcth Wl Mg Seup! ed

t he ‘30 out put of the anplifier circuit and ura out puts which
are.each couplied t%PRlY E8peripry Sigamt FBF""@PP'HH“& $othe rfgfme&“ff?ﬁ’

C_on_t rol circuit armaaemaai théh i £ Boslt 1Bl I ¢XdtitO AR LN QbUId, otherysLBeONi SM .
with the occurrences gf g tggl vi dual. out @gt curre f the

ts
current-distributioiety ® (HETLE FH 0 PP s swi t chi ng
circuit couples the oulfishe faid rscurnsinces @rrecalllceﬁ tthe gsame output of the

‘switching circuit the precision curreunt-source arrangement may be .
20 also characterised in that the detection circuit comprises
- a first resistof, which is connected to the said output of the
switchlng clrcuit'and which convérts.the curreant on this output
into a voltage, ' ' : _
- an amplifier circuit having an inverting first input to which is
25 | coupled the said output of the switching circuit by an isolating
capacitor, a second input which carries a reference voltage, and an
output which is coupled to the first input by a second resistor,
and o . |
-~ a distribution circuit having an input to which is coupled the
30 output of the amplifier circuit and a plurality of outputs which
' are each coupled to a:respective.control circuit forming part of l

ey

the control circuit arrangement, which:dlstribution citcult, in

synchroﬁism with the occurrences of :he.individual output currents

of the current-distribution circuit on the said output of the _
3B gwitching circuit couplés the output 6f the amplifier ci;cult to



<0l r espondi ng ones of its own outputs. |If this is the case the voltage
Oss the first resistor can be applied to the first input Vvia the

ol pt i ng capacitor, the anplifé4er receiving negative feedback via the
seeond resistor which will generally have a-high 5 resistance. The o
anplifier can then anplify the difference between said voltage and the
refer%&%‘ﬂ?&f"t%@“%g?hgssg‘(fbﬁﬂtq“r'fﬂtn I \Fienlgithe Sa8Rctecan be nmde

pr oporditageakhctasst tie Fipgl eecizrpoantbeohpplied vl thgEiast dapud he fir st
resi r...rhe 450 atj acktio L LaPacl ce which is o
substSJ ét(r%t f’%ﬁ F§°1§r%r§+ er B?:ﬁ%ﬁpt &ggv%ﬁpﬁie gyeeceg‘f&?hgggfa%??eer capacitors used’'in
t he Kieedbagly Btd shepecond aasistor rwhdel widhmeperaldy Havei2ihdghing its

5Nt eedls Qidce TNELEl i dnblifAdki QA EhdnC Hbf11ERNeHdi Sirbiticd bdi@eayp! ified vol tage
anon theaﬁontrol circuits |n__SLi(r:th a vvag‘tthat t.h voltaqe derived froma
speci P YOIFPEH £ e THREFFT TPYRET (%ot aecdr F2mE» (ifhpiied to the 15
cont rdiif ferenceli danf by while propontédodal Thcheecipplle r@apeient ofaghde by- passed by a
SwW t }.C I = Cl i se I S | \ ronismw th the -
occuﬂsé‘\r‘i\gcggsggﬁgtghghe_sgf'%r g?rsn}%gﬁfg gﬁgqg? thgé %%B{i{/kltgﬁa out put currents of
the duFeencamatpruurhinh is rubptanshatinesaadiler gheptheoyalpes  the switching
Gj ' CWitt the /kﬁeerr eﬁfd_c}i_tds tékds 1httv\h§aﬁhdtaﬁ ﬂe’hmdcﬁﬂléht-;b@axﬁéﬂ p;JLeSIr gpglr ence
appears_on the apgpl.i.fier_oufpu en the current selected as
appeaﬁ?a‘&?‘“ﬁ?’sgﬁf‘%h‘f%"&f %“18 %_‘H‘@g&ﬁ"&hi ﬁ’ge_c‘ﬁ’%ﬂﬁl“t Y, roreover, that the
![fS]C)l zigggltcapacig;ﬂibnse ttherazgaﬂgdﬁlvmasé atngm \tgét@geroic; gssf it |ts eqyalt to
~ the nge WRED B Cuo1 Rl U el UbRa e first resistor

by thei r‘g-tgrenc_e cuar Pglt and t he r-e#ere;r:lce‘,2 VO taazéi%% tc_e second i nput of
the £ingFeny distrippiioncirruit opeput gyrrenyriscapplied Hocth the switching
qgrcwohti&lemcﬁmh&_ h'tff'oe:rtlﬁit'sr ew'rfhneapfthen opelrjate as aocur{.ﬁnt-;/ﬁl t'age : :
converter i ch.conyerts i f ferences be n e other currents
and the rrehfe?eecr?(l:‘% %l?\r{?ée"rft_mglyn?gdb\?&p %sgegsg’(/\/r'ﬁ Sﬁ&grﬁeﬂéﬁgl i fied and appear on-
t he cahprefaiseuitsgt phet se¢dndt rrsigtondd syacheandsm hwdshtheery high resi stance

val Ugdehirfenled BfatHe2 BEEM i%iﬁ%l%né"@%' thd QhafHaGhl QUsp@S a conparator.
Enbodi nent s .a{ t he inventio described in det aél , 35 by way

on J now be ]
of xEHRERRES 0F (e SREPRITELS (RS PUHAOn CTSHIE P91 FhE APLA,HERUE o
20 the switching circuit. As & result of this {t can be arranged that
no outpﬁt signal appeats on the amplifier output when the current

_ hf
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selected as the reference appears on the said output of the
switching'circuit and, moredver, that the isolating capacitor is
then chétgéd until the voltage across it is equal to the difference
25 between the voltage produced across the first resistor by the
reference current and the reference voltage on the second input of
the amplifier. During the other parts of each cycle of the
switching circuit the amplifier circuit can then operate as a
current-voltage couverter, which converts the differences between
30 the other currents and the reference cutrrent into voltages which
are amplified and appear on the amplifier output. -
If the second resistor has a' very high resistance value it can |
be arranged that the amplifier functions as a cbmparator.:
_Embodiments of the favention will now be deséribed in detail,
35 by way of example, with"refetence'to the accompanying-diawings,'



S5 in which Figure 1 shows a first enbodinent, Figure 2 shows a second,
enbodi ment, and Figure 3 shows a third enbodl ment. 5 - Figure
- schematically shows a first enbodiment Qf the invention. In Figure 1
\_AQpreci.sion current-source arrangenent cogpri ses a current-distributio
- ci4cuit 1:which supplies a plurality of substantially equal currents to a
switching cirgplighgdd. Crcuit 13 10 switches these currents between

. outputs thereof in such mapner that a'cycle of pernutations of these
~eurrents repeat edF¥EBEchsEoW & REFSEPIRIEIRRREs out put s and each current is
switched to each piguyret2 dmbvhsng ‘Begod Cadb@inehbe daa@ni nal |y steady currents on

t hese out puts exhibij f the lack of exact equality of
‘the 15 current sk %“oﬁ?'% héggsur%r g%tr%dl S HL't‘)ent(;él on circuit 1. A detection

circuit 30 detectElgure }isghematéesidynehovs prfduet egbatinenke off thehe out puts by
.all but one ofnpdedeigdirrent fromthe current-distribution circuit 1 and
applies themto corresponﬂt ng control circuits which to et her constitute a

“control circuit aFtZhgeifertd Fecision QEREGROMSe aTiapgeRant rRELIsS &
control curreairrept+ddatsibatioshetivuiba whidy aappldes reepluradieprofect ed- i n such

a way that thsuﬂsw&ﬂﬁlfy;zgw%&a&Uézssaamgu% siﬂgmg%eat egguf..h'ia present

enbodi nent the current-d bution circul circuit form
and conpi® sessHErhes chege fRERENES bRtveen putpits hegeof énZP"&th'%‘ﬂeWé

emtters ag e7s cu;awtuedpéﬁueaaeairmt esaaaeeﬁﬂfreﬂup%péa:a@w loaéﬁﬁeﬂi Ih thel

resi stors’6, ies a fixed.v in the present
ease i s forrre‘é"a%ﬁc%h@ ﬁ‘éd’gﬁ \?é’gp r SUFTERE 8¢ & ﬁﬁqt tg c%‘?ﬁ‘?ﬂﬁed bases of
t he transi st oderipg atheytls. alhe chommlbysmdarqulnént@roxﬂ_l‘-he#msstwtput 30

i's coupl ed tOgtig10t Piﬁplﬁfa@ack@sru‘ietoﬁ%lé Qﬁcﬂ%f eﬁ&% é’:{(ﬁhiéf oF éhla. control s
t he voltage on the commbned bases i.n suc nﬁ{tgﬂ sum of the

currents %®n t%‘&ﬁ'ﬁ“plff%‘“ ﬁeamrat-sfsweuﬁep o C|4' dafFeetidni s equal to
the current feénruihaocdeteens therippld 2omgdnanedltproducedr 6idhé of e r] and

lerr] are not %%E{ S‘f;“%uc (e O Wné Rurr e Eou Iné dufPellelaflertifiabh M t €0
accuracy of the TR ra
S circuit 1 and applies them to corresponding control circuits which

together constitute a 2ontrol cifcuit-arrangement 50. Each control

20 circuit produces a .comtrol current by means of which the relevant
current is corrected in such.a.way that the ripple component is
substantially eliminated. | ‘
' In the present embodiment the current—distribution circuit 1
is in integrated circuit form and comprises parallel-connected

25 transistors 2,3,4 and 5, whose emitters are connected to a common
connection point 10 via identical resistors 6,7,8 and 9. Point 10
carries a fixed voltage and in the present case is formed by the
negative power-supply terminal. The commoned bases of the
transistors 2,3,4 and 5 are driven by an-aﬁplifier'll whose input

5 30 is coupled to the output of a- current source 12. The amplifier 11

controls the vbltage on the commoned bases in such a way that the '

[

sum of the currents on the outputs 20 and 21 of the permutation
circuit 13 1s equal to the current from the current source 12. The
output currents i, 1y, i3 “and 14_are not exactly equal to each

35  other as a result of the linited accuracy bf the integration



In the present case they are each substantially equal to [err]
_any given time two of themare fornmed by splitting the current
mthe current source 12. sze currents J[err], [err] and [err] are
- appli to'the inputs 14, 15, 16 and 17 of the 5 svvitchi ng cikrcuit 13.
7~ The switching circuit 13 is controlled by a circuit 22, for exanple-a shift
- reegi ster, pybdesd. i Mol tige tpUéghnlcscfsQnmé;I heyl eb&h %uB&%Kiﬂﬁ@eé@IaQrto??: The
'operatlon of, t he switchi n CII’ ui escribed .c sively in the
af or ement LBNEGeRAT é‘ﬁtatgpé Eine 51 °f4§§?§33 e, FaT T§2 88swi t chi ng
circuit 1@he chidrewi LTHdomae cirrefe sourqecils Th{eeaur}'e:wsdil[.erlzl to each of
its out pulys . 1,? 228 Ap18d toNerRUShpdB@MES 15 DAl SalCYF! gt fhe fOUr |

pernmutatio hese currents repeatedly occurs at the collective out puts

and emch EHHreips sdeepis 13- oThe "’Uﬁfﬁ&f‘go‘&t’f‘ﬁ’g‘ ke corelleddy A cle tine is

T say. Theiscuithz2,cior exasple & cshift regtlsdery; rdhith in appaaen densecuti vely

(al t hough ari}l order ) cheO uts

15, 10, 20 SARLeoTEEERR™d stbel BebelBeBE .0 1a8, dpdteERE B Yoo’ PRCRRLRL °

18, 19, 20 ghecult 13 igdesicriked h@%ﬂbﬁ@ééevallmethﬁeﬁqfewntﬁ-h@dcurrents [err]
and [err] padhift @p@d@@ic&uawrxmsashm tlsﬁaamnpplmeaémadu{gheﬁcay@rage val ue
[err], th |l e 20 cause t he nex ci equaljt f the currents
[err]© an [%‘ﬁ?fhesl Fa‘ith ﬁ%p?‘é‘regtﬁ M)rjé’d c’d'rl’:%rﬂaé’f %ﬁpg'é‘h ng onh the
out put s Zdueﬁ;tsalﬁiliﬁz(bfandm pmeamnblunnwrthemt& syelecef gfonmngenent have

val ues eXachhata il of thebdlchkraiitd {]e%es&ed&ss&cﬁké 5] ¥he Boifirkier 27 having

a resistance [err] is arrang € out I ne out put 25, which
resi stor CBFRASEt & HE"*I:GPF'@HF ?‘T?“Fhl"é: B‘Eﬁhﬁmtﬂ‘ﬂtn@‘riﬁﬁcfaﬁhv‘iﬂ"?age The

guz put 19TRé dyhn: WS cfal DOsaF. ! fmua k&elaﬁew e, t19, tfgeailwt Ayt 31 of _t?e a5
etection _circui cou i sol ati.ng, capacitor
havi nf§ a 8BPREE f%ﬁ?c?&“%ive?% (taﬁgm ée‘ﬁ% eg {C}I g“ 3& A1808 g de ?} er 32, whose
non- i nvertonm}csoof themutpats 48,19,28 ae!dfzb@edTheothg@,llr reteddy present case

zero. ThguAGlki &d acw WePtie %:ﬂésfﬁdlb%kaw 2 heg i egé{ﬁr feb Nghel NPUL 3_3 Vi aa
resi stor 37 having a resistance . The resi st o] can be short-circuited

by a swit @e%88ep attes 051 the %‘F‘Efﬁ&fs 41 oo clpsi @ é14i veder Pt he ¢l ock
gener at or cﬁ&enh‘:uréﬂhebmraeriptphe aoumplltth86 averdge vahmum,ecthé aeipple | nverting

i nput 41 %Li& QQ&QLWQ} %%ex%%ﬁuality of the currents 1, 13, 13,

and i;. If the ripple is ignored, the currents appearing on the

outputs 24,25, and 26 of the precision current-source arrangement
have values exactly equal to 2I, I, and I, respectively. A
resistor 27 having a_fesistance.nl,is arranged in;;he output line

25 of output 25,.which_resistor converts ﬁhe current in this output
line into a voltage. The outpﬁt 19 of the switching circuit 13 is
coupled to the iﬁput 31 of the detection circuit 30. The input 31
is coupled via an isolating capacitor 35 having a capacitance c, to
the'inverting input 33 of an.amplifier 32, whose non-inverting

30 input 34 carries a fixed voltage, in the present case zero. The
amplifier output 36 1s fed back to the 1nvé£ting input 33 via a
resistor 37 having a resistance Rj. The resistor 37 can be - -
shoft-circuited By a switch 38 by means of a sigﬁal S1 which is

_ derived from the clock genmerator 23. 'Furﬁhermore, the output 36 is

35 coupled to the 1nvetting input 41 of a comparator 40, whose - -

\—



7 noh-inyerthg Input 42 is at a reference voltage, in the present case t he

sane fixed voltage as the input 34 of the anplifier 32. The out py
the conparator 40 is coupled to the inpyt 46 of a distribution g t

\_/This distribution circuit 45 for exanple 5  conprises a pair o scaded
flip-flops which is clocked by generator 23 and which controls a 1-to-4
demui ti pl eXGI’n&f—iWﬁJin@"lln)ﬁui he idragea %tawnae%ndﬁe ansl th8 pdeBedsed. The

det ect t fol | t h
eyere of the Ei% ERF agRe ee vRTehe of s bk ' ok (e Bistikier By DooT,

for exanple, The oot;mnrtehs c[fev:he] capgrFater 40riss soupledr esithe dmpRy . 46 cma

synchroni sm %mr&maoaharamé a5, 38m1§ aqbea%qtma mt% Ehe o [err].

so that input 33 is at the same vol as_ | nput e. at a vo tage of
~ zero vol tis. TRBECARAR 8 N ‘esmﬁg derfrare vtﬁehviﬂ e&géteflew]
corr espondi nggémerabér Qurénﬂnﬁhi[carédn&&s adPaRahk dedGlfip3ekdt of GARAKI tor. The

I nputs 41 and SO 8 vl t that the voltage on the
~out put 43 of ?4% the ‘%Fa Fﬂ% H nnghé)a\l{‘11 ‘fs%uf voltage is-applied to

that output of- th@hﬁildstwﬁiammceiﬁr 30iiqpensteshas Hfollowset Instle dérstected to a

control ci rcuhﬁartgp of each c*@let BE RCRALCRIUR Efcul ﬂaﬁhvo(i}fﬁéeev? vol tage V2
corresponding'to, exa | 2 aggears across .the resistor

synchroni8m V\ﬁ?‘ﬁefﬂ‘?%dif‘ﬁémsmﬂ 5 thpcTHEdent fyARPears ASFRas Fhe r] of the
resistor 37 | sesi®tés Q.1 [Tat ijh:hrbnm wizhstieist theoswitvhr 38 15 élvmeddyaci tor 35

Is very large e C ) vol t age

- ¥2, but the vmf%gggp%goés?%%e%?c%égépg T I"8{3%?(ralpngzxsu"%s hg'qg %& The
Canplifier 32 hpRus 3he 1f%eel§a§:l{’°i-eﬂjes?%r“3‘7 Yot ef She cRparit &% a

current-vol tae:eax@emvmmrchwma DY Eédres foRd Cal r:enéhedhdireherlqe [err] into

lified t t th h t put -
Vol tage 18" aosveasy S3aeq s ﬁﬁgea‘fﬁf%gieﬂp@ﬁzﬁemoﬁ'&%éné’?’ng
whet her t he owekhage \ofl Odgesgfttlaheﬂanpdﬂlthseronsmé outpuzhéd ofr theower t han t he
- vol tage of OV, maw@oe BOUls &QVthfhi\éOHt]%Q? Wichd 19%&&1&%00{“@6 |

- conparator 40 i1s high or |o is enployed as a | ogic signal
of the val ue °‘1‘°P“6r°ﬁ' Ghe digpEibyrion Fb’E&‘ﬁiBrr"scFP{',‘i?i ts 45"‘ used connected

to a control circuit.

zﬁ - 1In the second quarter of each cycle'a voltage V2 corresponding
to, for example; iy appears across the resistor 27. In synchronism -
with this the switch 38 .1is opened. The resistance Ry of the
resistor 37 is so high that the time constant for charging the
capacitor 35 is very large. The capacitor 35 is therefore not

25 charged to a voltage V2, -but the voltage across the'capacitor 35

" remains equal to Vj. The amplifier 32 with the feedback resistor

37 therefore functions as a current-voltage converter which
converts the current difference ij~ij imto an amplified output

. voltage which appears on the'output 36. This output voltage is-

o “ : 30 applied to the input 41 of the comparator 40. Depending on vhether
the output voltage of-the-amplifief 32 is higher or lower than the
voltage of OV on the inpu:"Azzthe'voltage on the output 43 of the

. comparator 40 is high or low, ﬁhich voltage is employed as a logic

or "0". The distribution circuit 45
35 transfers this signal  synchronously to the output 47 of the

nin

éignal of the value



35 transfers this signal synchronously to the output 47 of the. 8
detectj.@Q circuit 30. It is to be noted that the resistance R2 of the

resi st $7 may alternatively be sufficiently high that the amplifier 32 -
frunct i@ as a conparator, .enabling the conparator 40 to be 5 - di spensed '
~with if desired. In fact the resistance [err] may be infinite. In &

Csimilar vaeteéeldm@etcuski N are proportional to the respectlve current

‘di fferences [ i]s an S’f[ %teh apargeghec ?fsrla%e tR;Z) f %ﬁe §a§g)l ifier i n' the

third and fou hquarters of eac cross the
capaci t orn®s almniMYehﬁJahfﬂGivltlymhcehﬁamﬁ @mplﬂcfieormer ts the

anplifi edfd&ﬁki@t&egs@c&k@atﬁhﬁputmﬁﬁﬁéﬂ&dé&bﬁrﬁoﬂnﬁi $o pWi ch are
transferred to the outguts and 49 re ectlv‘e@y uﬁl the d| stribution
cg %o

circit. $iprepsed Witk L g‘f%%‘i""g‘napé fapb weis %7, 48 and 49 15

I n synchrixfiijatteM th the second, third and fourth quarters respectively of

each cycle of ;theg §%%9%9v&6a W bl & ggt’brgk?gﬁknﬁa\%n& a val ue which

depends on whet her ectl e current [er e[ err] is larger
or snal | eFespRakiveheurrgps é’rtfff’@l‘lﬁfs flicta epd laols Sepean §Pr¢‘!§u?‘i‘mt0| rcuit 1,

2‘;' ch CUFS@'&E tife SG)NELEF 1aStiHendd aﬁdaffeﬁmpeurdbekdil &ddhl byune:gln_ ci H:Ul t_
ensure ncl u g cke e I p-flop i
each 18utp %rraé&%f’ﬁ%tbé‘?hceap\%&%g%g {’;\qﬁg lﬁ“ﬁ =% 9k% E]I% change until *
the corr eeqmndawg 4 xonesrtaf thmemniéitetyelt@ses quh ghe \gutpdti 3§ Imtecuit 13
OCCUrS. 2Pygic gignlls, Wicﬁxurafe ‘*:Z’anéﬁr@&ij £8 Setfaf o&ﬂﬁtdaseﬁﬁd Qg circuit are .

connect ed to the i1 np ut s resgectlve y of three identical
control CF?S@GF'E’SV%l%t%? éu??ﬁ,*lbﬁﬁ'éﬂ F?'F"L’"Fl control circuit arrangenent 50.
The control cid chis s:aqomyinsﬂmmtapﬁgucbﬁouhet&ﬁ-dtsaﬂ atmlaﬁﬁ 49espectivel y,

whose, out tSnchio 3 S RHH to the inputs of
di gi t 5 -tg#ain&ogng%ngggf 3?5 %80 Qﬁﬁé‘ éﬁ‘l respec rvely haV| ng out puts 63,
64 and 65r¢a@spetveilve1fyeacrheyebuﬂﬁ chhesewitshingoeircpidtlidceach sfgnadi t count er
VMt|1 ON€ having a value which depends on whether the respective current ij, :

=]

i3 or i; is larger or smaller than the current i; from the
current-distribution circuit 1, which current is selected as the
20 teference.. The distribution cifcuit 45 ensures, for example by
' including a suitably clocked D-type.flip-flop in each output a
thereof, that the voltage on each output does not change until the
corresponding quarter of .the next cycle of the switching circuit 13-
occurs. S ' o . ' |
25 - The outputs 47, 48 and 49 of the detection circuit are
' connected to the inputs 51,-52.ahd_53 respectively of three
. identical control circuits whieh are included in the control
circuit arrangement 50. The control circuite-¢omprise.counting"
circuits 54, 55 and 56 respectively, whose outputs 57, 58 and 59 i
30 respectively are coupled to the inputs of digitel-to-analog
converters 60, 61 and 62 respectively having outputs 63, 64 and 65
respectively. _ o
The counter 54 1s, for example, a six-bit counter with one.
sign bit which defines_the_d;rection of the. current on the output
36 63 of the six~bit digital-to-analog converter 60. The



si gn bi t whi ch defines the direction of the current on the out plit 35 63 of

the six-bit digital-to-analog converter 60. The 9 digital -to-analgg

converter 60 does not supply an output gurrent if the count is zero.r."
\/,Dependi ng on the value of the |ogic si ggﬁal on the output 47 the cour 54
I s.incremented or decrenented by one, once during each cycle of the

SW tching ci laG i da1lBo-ahlisy lcdnvlRREr %o d@é AB2R3pAly 2n DAL EenpCle Si gnal
(not shown) derived from ener at of, hi s count égi)ears on the outputs 57

{in the form dPesFoenf iy &e gn%?@“%ﬂgcﬂ“a:lhé e et £be ilngts sisutlarey out put

current by nmehesourput Ha Ehe(cbmitedlijd tal fricoedsnzbd Prc devrenémiedcby ok S

Ccurrent i angLloileig, We QYL St Ale bEAIRLEE QErcle?th N 19 dlRRONTI N9 on

whet her the vo e res decreases, results
in a decrseasé’Yoﬁeqﬂﬁc?fe&sé‘ﬂGPb’mélm lsésnal[ Enat] shomnd dardxeddrom ound the | oop

Ib st arranggd tg@nbﬁtoﬁw_?_htﬂﬂﬁ éding al?auig Pnl iheaoﬁlﬁﬁ'dst570ﬂnldhetflﬁ-dndbfference
etween i 2 an e, cuyyent e are corrected in
simlar-way 83 é Heogie “&{o‘% 8th ﬁﬂfw‘]&f?&e‘ﬁ‘% a?‘ﬂé’gd?‘bﬁpf’élc“%e‘htnal og
converters 6byamhn620f Bbe i sig-bitedigitalegochralogeconverfdare0cuthbnts [err]
and [err] ar guapan gag}aﬂeeadtwhla Lfige &Ll @rmﬁgiﬁu@rf%d[@m; When t he

currents [err change the average val ue of e_currents [err]
“and [err]in B?Fé‘riaii on &’Be"é‘ﬁ’én'ﬁ!ésml?ﬁée s‘t&‘ﬁ?’iﬁ the Fegigtozn{ singreases o

out put s [20 a]radci’éaseﬁ tdeguiuel i€ aeczrehacwrt ;ﬂ&eamulfduheceﬁ&ak 1,Q the
current err

curre qur e Lf. th t of amplifier
11 is di sreggha %’?ﬁe r‘r’v‘fﬂdl Pbee °® Eo?ﬁfl’%?esd :‘ﬁgbecﬁﬁbﬁﬁﬁasg%ol tage to
neet this reqssll-‘mvem a geduclifon tihethey diffguencet betwekn cigpc Aud iyt h@heur rent s

[err] and [ercﬁxl-rénisefﬂr‘%hd 19 hed rc]:rreclcgd t1R€a ZAmPD0Y Gay B edank NSE ‘i:HU ents
[err] and [err] are corrected until|l _they are substanti al I%deazu to the

current [t r PUEPRF SerienEs of khe d ﬁﬁi“[‘érFTaPél%F?‘géfE%fsuﬁ’t s equal to
[err]. Currents Duirsdgthe aleky oyicléaibe ntddppiel aarkenis oy, alf, pndAgrareonal

accuat el y a5 iy leohfli3a AR Ene ReddiZall e py;%%ﬁ%,pr 20 Iné Gublenth®

preci sion 30 Current-source arrangemen ecl si on currenP sour ce
~arrangement dewts Bpd Hisgehange thedavarpgaivabug 10§ theapurneatsdne ¥f &3 ence

huneral s as igndH J4hEgeheral also changes. The sum of the currents on the
20 outﬁuts 20 and 21 of the switching circuit 13 should'be:eqdal to
the cutren£ 21, from the current source 12, if the imput current of
amplifier 11 is disregarded. The amplifier 11 controls the common
base voltage to meet this requirement, so that the average value of -
each of the currents 1j, 1y, 13 and i4 is equal to I,. In the
26 above manner the currents iy, i3 and i; are corrected until they
are-substaﬁtially equal to the current 1) ‘and at the same time 1; .
is corrected until it is equal to I,. Currents substantially
without ripple and which are proportiomal accuately as 2I,:15:15 -
thus éppea: on the outpu:é 24, 25 and 26 of the precision
. _ 30 current-source arrangement. |

In ﬁhé precision current-source arrangement shown in Figure 2, -

Car.

. idéntical p#rts bear the same refgrence numerals as in Figure 1.
The-a:tangement 6f Figure'Z is cdpstructed aﬁd operates in a |
similér manner to that of Figure 1, the only difference being in |

35 the control circuits for@iﬁg the arrangement 50, vhich are now in



The arrangenent of Figure 2 is constructed and operates in a simlar manner
to that Qf- Figure 1, the only difference being in 35 the control circuits
form.n e arrangenent 50, which are now in 10 anal og form The control

ci rcui ow conprise integrators cHhstituted by anplifiers 70,. 71 and 72 e’
- respectrvely, whose inverting inputs are connected to the inputs 51, 52 and

53 respectr

' b Eﬁ r esj s; 2 80 and 8%(2 ectively and which 5

“receive rfé'@ ?\F@t cedBRRIETY FhesuLts) SO smer 8§ﬁEPr75 respectively. -
Resi st or scon6tithEedirhy FEpldfberar V(a,nqedandnn hrespestively,i wemeof the respective «
| nt egr at qf, %eré@lﬁ ﬁkﬂuﬂk’tée6§onn@ﬁ e o Q:";heoi:gﬁa@ 5‘310“5{ thcﬂar cuits are again

connected to tters of transi st The

vol t age owswetiaa%wr the resistery/d &9 89 @herﬁsmfegwa%ranrlneriea. ng the

anpl f i erceéiwd hegawaecﬁeab?w @fd &hercazﬁcmﬁyerst,sTd lagd 73t egr at ed[ vol } ag]g'
into a current 0 cur t_the_col el Yr ent [err] o

the transioforf tigerP%/ gg?r %sd9@7a%nd[’ z8 rEquee TR g’ ere ép e et ween it
and the clt;r-memf Fes #PSP%&V%MF%SO% T*[eem‘}w&ﬂcﬁ%eﬂr Jandréd obrrected in a

simlar rg@nesntkyl tdiScoits £ 2gPih botmeRbid\¢h S eitdebp JeehtRECt i Vel y. The
anplifier 11 again co trolg the voltage on the conmpbned bases in such a way
h

that the HeBsiRFETS Ao e currents [err] and [err] remmins equal to

[err]a [|n theTHe weltaaecbnt bise Lacputd 42 nisofhtegnssedt hy trherrrmgdat.‘roarses of 20 w
the transig E?J % %% Lﬂ% C&Hi ﬁ”&hedgééf h@z“%o eSS & ar
mai nt ai ned ustatra fixed vol earrp |er f

current - d‘i“§F8ﬁ¥G@|Yﬂ’rtE$°r date alcrlrmeh oR¥ “!P&“ﬁ quFF’énF“ﬁ'TernFo?he t he cur rent .
[err] fl qyingetor &JthQOH.IzeSf Qhelmasmsrtiresté&aaﬁdqrso 483t and 5. 25

| nst ead of th t f It f
the. our r SSEbIPE SLEBegnee HEVRRDAF 18, E1a Rty bERUSHE for
exanp¥ e, igoambdyi axe coerecoedidince siutles tannekecbb abe qsti:renttsrems:hst or arranged
as a di O%Fm 85 Maa@§lrstspéc:ha§1yl t%ﬁ%&%ﬁmpaﬂ%@g doedlg common poi nt

via a resis a val ue ual ther resistors 6-9 and

its coll e?‘FoY“L‘Gﬁ‘héE‘t Ehe t°8 “ﬁflg‘f?sl‘*ﬁﬂé’daﬂ‘f&eac‘ﬂﬁyr Ehat theaverage

value of the currents 1;, i3, 13 and i; remains equal to I,.
~ In the first and the second embodiments the commoned bases of
20 the transistors 2,3,4 and 5 of the current-distribution circuit afe
maintained at a substantially fixed voltage by the amplifier 1l.
The current-distribution circuit 1 functions as a current mirror,
‘the current I, flowing in the collector lines of the transistors
2,3,4 and 5. _' | |
25 Instead of maintaining the commoned bases at a fixed voltage
by means of the current source 12 and the amplifier 11 this may be
done by, for example, connecting the commoned bases to the baee of
a transistor arranged as a diode, which transistor has its emitter
connected to the common point via a resistor of a value equal to |
30  that of the other resistors 6-9 and its collector conuected to a
high-impedance current .source. . :
In the types of current—distribution circuit so far desctibed'
the commoned bases are at a fixed voltage relative to the common
connection point- of the emitter resistors, which point 1s also at a

35  fixed voltage and is connected to, for example, the negative



In the types of current-distribution circuit so far described 8, conmoned
bases are at a fixed voltage relative to the comobn connecti nt‘_"’Of t he
emtter resistors, which point is also_at a 35 fixed voltage\dhd_¥sl, -
.connected to, for exanple, the negativé! power-supply terminal. ‘This

gfnabl es the current carried by a transistor of the current-distribution
rcuit to b |y 2l thout t he
current carr?"e"gg{) gglgt ﬁ%r(n ?Egnm S SHJ ?he currtrrgn‘?rga“ tion circuit
eing 5 i Mﬂﬁéﬁéw ofi F‘@ct‘-‘llvepﬁ'@riébyib“ﬂme ciranlsf ta e wm*e’mlsbltar ried by
the transi st %ﬁlﬁfngt&aﬁrsw &Snit'sdéﬁtﬁ;e@%t@&htctﬁ&‘éh&réﬂ%yam&&aﬁe or
decrease in such a casei %e rrent dl_gi tst?gtlon C| rc# é’é\n whi ch the
comon connelPP BT pETaTE %‘P't fri PEEFREBLIFLBP R SIS PEL® t 0 a current
10 sour cg adnfluenbsl ddcectdf tlaseladed'rrpr eun i othec purrents aurbeds by cont r ol
current Cannghe NaaPidtbed oteo%ﬂeheu%uars&ﬁ%w%Mﬁtswp Ghidek dihoul d

‘remain equal to the current fromt current sources a case .
fl oati ng congdpgreaggsin Buch@prasagd. A third enbodi nent of the invention, in

the formof a 15 Inp4 Qﬁtﬁéﬁtﬂdﬁsﬁrﬁ.&iﬁioﬁmﬂrﬁﬁiﬁﬂﬁ&ﬂﬂemﬂe &Fﬁbﬂyl ng .such

floating contro dsrlb W|th ef erence to nti cal
barts bear 1 fasasseibs epdf, SECER BEELALL el et I Sonpebed o a Turrélt
Lurrent - 4 st spxss, oss dir thei cadenof mseﬂﬂlﬁddpmﬁwi@f cﬁ@m:@@tagﬂ}l n conpri ses

paral l el - ConRegéRd Li2eRt Shfhct Pe Japp1 il eo- th%omiweﬂ/%caﬁsgetﬂe %mt t ers are
now connected to a currgnt source 80 via resistors 6, nd

,8 a :
gurrent carr C8E°RY niematn egualgbo fhe ERFTERb fJG'Pp'ﬁ’F ’é‘tﬁ'FEﬁt of a
precedi ng preoimieorg I steh ia- €aer Ehazling egetivil puat. Be appliteds 80 fmay be

constituted by sych ﬁg é\{iﬂoﬁrﬂ&%ﬂe l_thLO{mgémTemth@rfro ggmgnt as described

with 25 reference Figure he resis 6 has a value 1/3
[err] andst hereeksisge cﬂusrqnt-eom 9mas@eatmwinpewc}i flwi%ans of :
fi Iel d- ef f ect cbﬁﬂdbil Sﬁﬂlsbéﬁes&tﬁbéd]ddgﬁ {eeéte‘i;herfo rBéureSQ amdﬂ‘ialcbﬁwt Egt L he
esistor 7. PaFfR PaFT phe 4pBRctespEcach nibraft SaoRudTas 1 orr anged in
parallel with th&heesirsenr-d8siribueimascidculs dnstlst enbodddentO of Figuee 3 and
reSI St ors 93’aggfh Q@ﬂpz&geMrQﬂehconnected transistors 2,3,4 and 5. -
' ' 99 However, their emitters are- now connected to a current source 80 .

via resistors 6,7, 8 and 9. The current carried by current source

80 may be the output current of a preceding precision

current-source arrangement, i.e. source 80 may be constituted by

such an arrangement, for example an arrangement as described with

2 reference to Figure 1 or Figure 2. The resistor 6 has a value

1/3 8y and the resistors 7, 8 and 9 have a value % R;. By means of

f:lel_d—effect transistors 84, 85 and: 86 resistors 81, 82 and 83

having the values Ry, %R; and 2R1 regpectively may be arranged in

paraliel with the resistor 7. Similarly, resistors 87, 88 and 89

rE 36' may be arranged in parallel with the resistor 8 by means of
: _ _ transistors 90, 91 and 92, and resistors 93, 94 and 95 may be
LB - ar_ranged in parellel with. the resistor.9 by means of transistors

96, 97 and 98. The sum of t_he'o_l_'_:tput currents 1;, 1y, i3 and i40f
the eurreﬁt—distribution circuit is equal to the current 4I, from
35 the oorrent source 80. The'switchit;lg _'eircuit 13 again



arranged

in parallel with the resistor 9 by nean§ of transistors. 96, 97 and
sum of the output currents [err] and [err] of the
' strlbutlon circuit is equal "to the current [err] from35 the
irce 80. The switching ciipcuit 13 agai n 12 switches these
g etween the outputs 18, 19, 20 and 21 in such manner that a cycle
. 'of pernutations of said currents repeatedly occurs-at. the collective said

out puts asvitshed thesel conrensst bebween (the duspetac 1859 2mpdit2ldimi ng each

cycle. ThEew manad2Cheftt b

with refe

oa%ccierw?am%@aeﬁnefoé Rg1HWersi On as descrj bed
rence to Figure he consecutive quarters of the cycle logic

signal s apfReatethy Pﬁ‘ié“&u?"p&f‘% Plectdve mpidocutppte i#9d skl Wiftave | ogic

val ues wh
are I@rge
| nputs 51,

bﬁti‘l‘edemﬂdcm vb adabRrsaiil coutpat @Rsng ek leyarsl [THe | respectively

de andl‘gg‘g“ﬁhﬁp b6 CHE'BRL deSild 37 gk rdOutc aapplied to the

respectively o coun 112

respect i v§¢§ﬁrengeysenbﬁewgedn tFe tbelqsrese%ttimauao@re ef ghelqycam out put 47,

48 and 49
i ncr enent
shown) de

resulf (s
parall el

resistor btk apd 2 F%FPFﬁE“\?&YueDBPe‘IdHES [P&r Bhe éfﬂl%sraﬁgéﬁéﬂgief t he
resi st or ssigndls onABa@tpht, 478, a8Chnd 749 aRé ddudtdl 18 3counbers’ 280 S1@Lsen@f each pair

having th
situation

16 SOuHALS dp'ﬁe&@lbﬁt &eS oddgdes 147] wdnalz& ,f APRACkigely a
ecre gyd one, b

B#tedoR e, e

re

sui tabl e .clock s sjgnal s (not
n“‘iqo*'?'er JPefUEER ARy 3cBM rol to be
effected iLg neapém:ivebnsee tltaegmlontmasla ¢hgp \tha duriréntali; cadnaresst at es whi ch

SFolish ) chd 1uSed S51 S04k 33 = dpeitlfeB) chcligebanagsL ed 10

resistors pect | e val.ue

T Febieiy off dppimebeds” SRRkttt B9, S0 on R 0" cach

1/3 R of

nitial

other. A spitmblé clock rmignaist (notcehnmérden@ect dsom tgeneratolrdp | Dyi ¢ 25

Si gnaiss. OBréé}et&%ﬂﬁﬂ th@rB@t& b&éhéﬁgc&ldg PRl LeRE s@Hﬂ 'tﬁEl do@nferauf f er
5. Simlarly, l-ogi c mc};&ascorrisgnln the counts in the

menory 12
counters

340 eipep 135 ’élec%l tates Foich m5ERk(soR PB19WS &Z'G‘eand

127

respect.i veegistod B2y 820api O8i baingfcdnhected in pakdllelneithyehe t he val ues
fedfiEoll'fl, & a%r@rﬂegfecjt%?elylzaﬂéovaﬂgdll%zi & Sesldbdkt@neous!y

applied t
stored th

20

25

30

35

erein utilizin
equal to the value of the, parallel arrangement of the resistors 7

and 81, 8 and 87, and 9 and 93, the resistors of each pair having
the values %R; and R; respectively, so that in the initial
situation the currents 11, i,, 13 and 14 are substantially equal to
each other. ’ :

A specific count in the counter 110 results in three logic
signals on_the counter 0utputs, which signals are applied to a
buffer memory 125. Similarly, the logic signals cotresponding to
the counts in the counters 111 and’ 112 are applied to the buffer
memories 126 and 127 respectively. After completion of the full
switching cycle thefvaluee'applled to the buffer_memories 125, 126
and 127 are simultaneously stored therein utilizing a suitable

clock signal (not_shown),derived from'generator 23, and thus appear

at their outputé simultaneously. The buffer memory 125 produces

three logic signals onm the outputs 130 131 and 132 which signals
control the transistors 84, 85 and 86 in such a way that a specific
combination of the.resistors'8l, 82 and 83 is arranged in parallel

N

A



clock signal (not shown) derived from generator 23 and thus appeage=at
their outputs simultaneously. The buffer nmenory 125 produces theg 0
signals on the outputs 130, 131 and 1333 whi ch signals control 0 ‘,
.transistors 84, 85 and 86 in such a way’that a specific 35 contwnarro
"the resistors 81, 82 and 83 is arranged in parall el with the resistor 7.
Snilarly, awmnméweasmorafﬂh@urﬁsmt Oascoﬁima%%omg Eire 'rés%rta@émd in

paral l el wit Eegemstor ¥ ans of logic signals ont outputs 140,
2141 and 142 %t razrangsdo %/P“aueiz‘auhaﬁtf Beihor (Baby dieeet ofhe

~ esi stors 9310834 siptla®d onstieobaREel4D, 141Naphnad |oFl tiéd Ibhffd’tGménﬁﬁ-yStor 9 by
means of | 00145 Shang! §om%'2{\£ln.%n 04t BHI Sred 2lkord b afzg”??asofuthe pluffher memory

127. This charges the ra curren |n such a
way as tg nale rertidehovidhethealresister Juhy geanh wfclngieneignald @ny ]:he and [err]

renmai ni ng egsglputd 1Bar risa iﬁelbyﬁ;iefhensmebeﬁeml@? 12326 mailg chddgayr © 10
needed becauge the rat Oi’ﬁOf t he cg gnts canpqgt be changed i ndependently

of each ot hetP"&FRTES: MEEPIENLL 4 d20013sBhd4 HHEPUAPIRY 8B iPal s of the
buf fer nmenormnake them merenequaigdthenbim dfhtherenurenes i[heiy| dglamd Hpain at the
end of the Neddasaiilg' EdA0es%al . ThE thitfed) Shofi¥G | £ sofu{ehsnf%r#yeng cireult

the currents [err] err] are agal n conp currents
Jerr] and [Meipd a‘?eéa't‘??e he Jafiee af 'f"&r'E‘PTé'Fn'aerlG‘?‘Fﬂts"%dH‘?FPSﬂi‘es until the
“currents [ bidebesdedtiyrof] eaasheomdesmeeqmbuﬂ Quemh m kefstaat poThe bl e. The

currents car t.put 2 roporiioned
accurately aé&tﬁer rﬁis\rkmp][eﬁ'uokI &% %antme%f)gl{les “ed L ﬁ éch of the
‘enbodi nent s meﬂsbeaetﬂecmino#t mh#pGﬂSObfthgh@xsmithm eyqlewit is

equal- to theryRbEfexpl eyl WsS thd sbbecta\r%tabhm thd Cdktents My,© %%a t he
rati os between the output currents of e swtching circuit are always

subst ant il | 3 3hei3peinRRmoaned vifhsiy s The “I‘*éfﬁ!’é‘éarﬁ'l $3 18 Hglze thee nunber
of outputs oéor&EctdﬂefmhbzruudgtMsr certingesy uttilf ehe fcmofadtbeilnuni),erjgof i nputs -
thereof, the, &Uflge an%a ;‘e@ ef'o | A90r2r2hs ?:id&&‘iﬁe géu\é@é‘n | me -may “be

di fferent from currents OW n he vari ous

out puts at acafried. by F@ ﬁﬂ?P"GPf'ﬁ"'er 23 rapd 2ere (FthHErPNF@rtieR%@rrpl e, the

current - di st iddavhtdly &4 rzqyut rrgmsua&l ¥ubdedfe 3@ sigpibantial ly equal

'- n ching.cir
curr ents ;[no five In 'da tsofot:'ne embo mentsgdecscr(igec} the number of outputs of

the switching circuit is equal to the number of inputs of the
switching circuit. Moreover, the ratios between the output
currents of the switching circuit are always substantially umity.
However, this.is not necessarily the case; the number'of outputs of
25 the switching circuit may differ from the number of inputs thereof,
the number of currents flowing to an output at a given time may be
different from one and the number of currents flowing to the
various outputs at a given time may differ from each other.
_ ' For.éiempie, the cufrent-diettibutiqﬁ'circuit may supply five
e 30 substantially'equal currents to five'inputs of a switching circuif:
- | having two outputs. The currents are for example switched between
: glf. . the outputs'in such a way that atlany.given time two currents
B ' appeaf on onefoutpuﬁ and three currents on the other output, (a
cyclé of permdtetions of'saié cuirents again repeatedly occurring
35 at the collective Qutputé and each current again being switched to



... each cur

having two outputs. The currents are for exanple sw tched between the

out put s iR such a way that at any given tine two currents appear on one

output ppd\three currents on the other output, (a cycle of permutations of

sai d cuts agai n repeatedly occut¥ing 35 at the collective outputs and o
gnt aga| n being switched to 14 each output during each eycle).

. ‘Because of p ed appear a t and ppear ance from each out put

of each cUfPef etpf’ﬁ d%a F‘gﬁgc E} t eé:agfﬁ‘rgnstée ? ‘%ﬁ’?\tf‘ﬁépefﬁ‘?a@ﬁ? -
distri butatonndzldriewneaﬁm feguh egthh entminofagacin cloerehet ehieri ned and used to <
produce CQRIEOlonsi GN2he N¥rdRINErdl el 'cﬁpretnh eaﬁ%{ﬁ&&én féigg}]t:he

current-djstributign circuit, are nmade nore each The -
current s =t 4R YrepuEsuL_AIYS be WétEWiPE‘hﬁ?@ ‘tﬁef‘c‘éﬂ Profuyce eontrals case be
accurgat elsighaild e deans Cof2 whichl bhel cBtrdnkt8r fromythel | S p033| ble to obtain.the

acCUr al € Jklfiaodeondidn &irkoled dhte More equat UPLEOY Gyl e 1 i v dual

currents fromthe current strlbu ion clrcul labl e on and
of f. Thi SThengynrestyop thee tyqontrutscef\the wiscm qimatb Vﬁéldbt ained in the

case of da:hiSV\éésGhbé'lgc&HaQHI}fj 1haptiendatitioV £: 3f NPt & amhhm ?UidotitsSf Agaihn t he
repeated a a t, an i sappear ance fro ach .ou of eac

swi t ched-® Sﬁgfﬁf g {obERk - g% at"f‘i‘é‘pag"lef f%‘lrl ge‘?\nei‘;‘r? Lt t ched- on -
currewmts fromctrhemurtlmtlnd:ﬁvsﬂualbuutmtslﬂromttheto be determ' ned so as to *
enabl e t rtgﬁ{if "G SR ch ;0 wll be

evi dent {Lﬁg?etv%l?iﬁyitﬁ 1!61%300 IIIggeﬁel nvenkllalé)jsr?le ‘3&1 wﬁet "Fdiée .
nodi i catem@hles; 81} (fhe TASdoR r?éﬁ‘t’%e“dés‘cla%éd"l P lbﬁe"hrtef-’éﬁj’oi’-hgth&r e p055| bl e, *
whi ch ar eaebvefodssiichings el kit [Hading) five 1apits hid R&Btd&%@i t he

deviatio Lren n._oul pu the swt rcwt may be
det er ni né a% ﬁﬁ]‘Q ?ﬂa@% % ar?‘é er%ené% %le’ Pﬁeatragfehéfm? %& MEPYE ¢ hose
suppl 18ed quem%dle@nmemﬂenstwblﬁsl the diffarenceso betweesvitechi ng circuit,

i N whi ch gg@gehelsbsn da¥ieiel Oftonf :ﬁeheumhmisemu%é n WibdyigaVe o0 be
determned in.s (Pchronl smw.th the occurrences of every one.of the

i ndi vi dudft® utt Mt 5“’55’113 ﬂ‘ES%Lﬁ“FE‘l"ﬂ“dF%t"Fl it B?FecF‘i‘t’l}l toat the said

out put. each other.
It will be evident that within the scopé of the invention a
- 20 multitude of modifications to the embodiments described in the
foregoing are possible, which are obvious to those skilied in_the-

art. In particular, the deviations of the current at an output of
the switching circuit may be determined with respect to a reference
current other than one of those supplied by the

25 current-distribution circuit to the switching circuit, im which
case ﬁhe deviation of the output current will have to be determined
in éynchronism with the_occurrences of every one of the individuai
output currents of the current distribution circuit at the said
output. ' | '

30
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30 35 15 CLAIMS: 1. A precision current-source arrangenent fg

generating a plurality of currents whose val rtioneg~acdur
relative to each other, which arrangenent co leElﬂ[ ﬂ@lem Ao/
\_current-distribution circwt for genera rr ent-s” of

suhstantlal |y equal values, and - a svm h| ng circuit for switching the
cirrents fromthe current- d| stribution circuit between outputs of the
swi t ching cirggifygi N such manner that a cycle of pernutations of said 10
gurrents repeatedly occurs at the collective said outputs and each said

current i s switchdt BoPEesdRldhPHrISHtPIAUTER) ATFRPESReN 59’&I8§“e¥’éé-ﬂ$ tdng in the
currents avai pRiITheLEN of adtﬂr&tﬂsphﬁo%ehadwuﬁﬂ ﬁéeﬁﬁgermhw Sacelitalgr e

proportioned C t Iy rel at.ive each and hi biting rlpples whi ch
depend on t heggl#? ‘2@? g’nceéas?ﬁb h\/\éénth?ﬁ% afga“%?m?? ﬁf’mp'feifﬁ?n t he ,
current - df st r Buciorensrdicgributdom cicewditi Soxl geverahing Bhpluzatitiygefrent al so

conprises - assiebRed |°9ns&|85§dgih{yogqudlnv§mghreg,gl smw th occurrences of at.
|l east all but one of the individual output currents of the

current - di st rT BufFHEd é?ﬁ é’ﬁF‘E“ian%F §§1“ifh6’&ﬁ Fhe orreds fxgm &R ng 20 circuit,
detecting thecndn-enatdlienribixcidmeumuttbetgeetabuemmfs dfhehe vt ectiingt t hat

out put from L 1g el Us GlelukBLE BAGC, EILY: AILORISLE s Gadi OUT PU

- gignal re resenta Ive 0 eviat] o circuit

arrangemelit r @&FSALY \repesc;etlhe OgEMTFLBL Shetonllegesizersaid eutputs and gach

- control I ng t §e1dC bliFrRAE SLsC tichéd!ttoNgachabsldabutpat | &ashg adakh b%w,ne of the
izndi vi dual ﬁpf gr_ urienRt?sF of théa Cu%{?‘r‘gif di st r buti on ci‘g guit 1n-senses

. such. as to retffde e YVt 5RE 2 EY o9 saif pytpufe gy %l"?’%ﬁgesource

arrangenent avalgeai whddh | areChbropartiioned aacgutasely gwlativehtd eatike ogberandon

circuit det echsi9etthg3Ptyhaus AniaD debedd6a "G8Ud{rrBPentah Uk tillesS XRENT ONi SM

with the currences of all but one of said individual output currents, and

. the ref er ence®WFRPREHETPR tf‘,‘ﬁ rEFr e tribrHons errerht n@h%‘??é?tﬁ‘fisﬁﬂei

that the arrangement also comprises

- a detection circuit for, in synchronism with occurrences of at

least all but one of the individual output currents of the

current—distribution circuit on a said output of the switching
20 circuit, detecting the deviation of the resulting value of the
current at that output from the value of a.reference current and
generating an output signal representative of that deviation, and
- a control circuit arrangement responsive to the output of the
_.detection circuit for controlling the currents constituting said at
% least all but one of the ind{vidual output currents of the .
current-distribution circuit in senses such as to reduce the
deviations detected. _ .

2. A precision current—source arrangement as claimed in CIaim

1, characterised in that the detection circuit detects said

30 geviation of the resulting value in synchronism with the

e

occurrences of all but  one of said individual output currents, and
the reference current is constituted by the remaining one of the
individual output currents of the curtent-distribution circuit.

_ 3._ A precision current-source arrangement as claimed in CIaim
% lor 2, wherein the said occurrences are all of the same output of |



i ndi vi dual out put currents of the current-distribution circuit. 3. A
preci sion.-curr mm‘ﬂmﬂmfment as claimed in CGaiml or 2, wherein
t he saij ccurma t he sane output of 16 the sw tching

circui haracterised i ff-that the détection circuit conprises - a first o

_~resi stor"which is connected to the said output.of the switching Ci rcwt

and Wmch onverts, the current_on this.out into a volt -
anplifier gl rcg:‘;'?hiﬁlﬁvdrcug% [ {ﬁ‘\"/rearcf F#g fl [ irjns!t% HTtngaf egeGinicd hcﬁrs?ug'gupl ed t he .~
sai d out pgpuprisehe swi tch| ng circui.t by an isolating capacitor, a second ‘e

i nput whi chy Rkt G%s@sdoi, e&raraﬁeie/%mqeed %dttﬁﬁsQHi Bt aefﬂbmhes coupl ed-to
the first input by a second resi stor, dlstrlbutlon circuit

havi ng an SFhYfie8 SRR hapd “Ebﬁblcéﬂ""c”ﬁé Hl?tﬁ‘tﬁreBF PhERLEAPERYter circuit and
a plugalitytofa seltyages which are each coupled to a respective control

ci roui tf of g iy Pl Ofs b 5RPdgOko GbEshe ¥ 30 AR o WU SN St T but i on

circuit, in synt ron| Sm W t € oCCuUrrenc ut put
currents £9urlefl thee said oupputdpEtthe peritehing eincult iy smdseldtingut put of the

swi t chi nggapaatabi- acswaJtnasﬁphe wHitR Wareied Here%lzpéﬂa‘el f61také Cl&{nﬁ 40
correspondi ng .0 its out pu reci si on curfent-source
; arranggmaﬁ?pé%: Q‘i’éﬁhnéﬂ °1°Hp % % %’ﬁéfa{ﬁp& el ‘Tet‘f°P‘haﬁe°fr'?'F€rarrpl ifier

ci rcuist | sndcuglietribotiohecDRuit tiasing batinpnt ctior sbich by copplesl olie a F
conpar at Ol f Qi sp%ermpwﬁé}ecﬁ&@utmalgr Lrﬁifcsh& %mlch'ﬁﬁcﬁ' rcuit into a
di gital output signal, which conparator Irst 1nput to which is :
coupl ed t REE RACRAOUBLEd 5R & FEEPectiye GPPE‘iﬂlt °1”&“§éc§9§ﬂi‘l€npﬁit eh V\/m chis i

coupl ed athefmcﬂd\ﬁ&g&r&ﬂgmﬁt, aﬁdctﬁlaiﬁt&iﬂufidmcﬂizuﬂ.s gaupl ed to the
25 | npUts clfhr%g sm w:s.dx cgurrcegcg S %61&1%138 g.zlaog%&ucfr%e%tﬁss ource

ar r angenent N appen
char att er |°§e§le| Hultﬂ?at‘iihéf%é?m clreyiist on the dajd peutpetl dfythe swit ch which

short - ci reuiécsuamﬁ&mndc&@iwt&é dut ﬁ'r&hewu;ﬁ?iiwtiw Jib@uftzce&][r teﬂges of
put currents o

t he said renmaini t he indivi dual
current - di gf?ﬂsBﬁ?‘ﬁ'&ﬁ %‘?efc?ﬁetitf)n@h%“?‘a‘?:ﬂ' output of the switching circuit.

4. A precision current-source arrangement as claimed in Claim
3, characterised in that the amplifier circuit is coupled to the
20 distribution circuit by means-of a comparator for conVerting.the'
output signal of the amplifier circuit fato a digital output
signal, which comparator has a first'input to which is coupled the
;output of the amplifier circuit, a second input to which is coupled
a reference-voltage source, and an output which is coupled to the
25 input of the distribution citcuit.
5. A precision current-source arrangement as claimed in Claim
3 or 4 when appended to Claim 2, characterised in that the second
resistor is by-passed by a switch which short-circuits the second
resistor in synchronism with the occurrences of the said remaining
30 one of the individual output currents ‘of the current-distribution
circuit on the said output of the switching circuit. '
'6. A precision current source arrangement as claimed in Claim
5, characterised in that the second resistor has such a high value
that the amplifier circuit operates as a comparator when the switch
3  1is open. S



6. A precision current source arrangenent as clainmed in Caims5, @

characterised in that the second resistor has suﬁummlﬂ;m" hat
canplifier ci rcuif operates as a conparatqr when Hm]mm Opéﬁ
\U7 7. A precision current-source arrangeﬂ%nt as cl'ai fred i Clsaim 4, or7in

G gi-m 5 or =Claim6 when appended to Caim4, characterised in that each

confrol circuit Coﬁp”:???e &9&@;&9&:95 &EUaz‘rQ?gg%%HPt IQla[%E&:rin Claim

incremented or decrénen once eac z
ber mut ati ons afd 9nigdPetmenee Gladm & Reen egmndsql ditaflaim # hehardasdniredout put

of the distribyhi@aeCédchUbdntrsl c&\r&{iQCh&dpQﬂsé‘sUEr%tﬁ&UEfﬁnﬁErtﬁﬁg&ﬂﬁﬂ&t as
i n that each contr ol rcw furt

clalmedlnCIalm‘é1 (I}. cterltﬁg r}h
conprises a di PR 8,123 8T % SPCTATERECI. BRGR FPE ﬁaﬁ ©oBphite; Atk
counting 1 cyeleupf pemtrataxmoman ahd dnodegendenser npmt they lopknsigdalwbm ch t he
rel evant out puing Yol &¥ineOdudple &ugﬁ@@ﬁsﬂigggiﬁuaﬁgégl rcuit is controlled.

9. A precision current sourcCe arrangenent as claine Cl aim 3,
characterised in tBat AREPCISAPR (CYFTRALreQUTCE AFFARSedeEt A% ipimed nGlaimy,
whi ch integrates &Haeaaegmeéd @n thae éanheaba.mtoloutwﬁ:ofurtche: Wofipriislsitd ON

circuit, the rg eva at, Qut verge{ %ch he, %retnte SLriPYLL o onugél UIt
bei ng control | e y neans o e ou si g hal he Mt egrart or

pg eci si on wur r chrcuiguinte anx ra&nblsnempuasc%'lraﬂlwu #Q#HQOOf vighahi ke or 9,

wherein the CU&Efé’vtanE"o%ttBh@léhr%chf GHé teue PO BAS 1Butllol! &dchye Q6
transi stors mos‘b’iﬁ?gi‘fj are connected t.ogether and whose enmitters are

cénnected to a®® oint of fixed voltage via equal -val ue resistors,
‘characterised in_t#lat & Ipeecﬂsﬂ.mtcuofemtae&urcerﬁnrehgementuast claimed Ujnl 6Lhimo t he

_enitter of a rgSPAGLLYR 312 ha:téa%ﬂ%&%?& cl%euit mgﬁéésoan

current-source”&rrangenment as
current-distri Beﬁ&fﬁt?ﬁ whigh 1EFﬁ$|5FF%Fe§hﬁ %B%ﬁflaPPtSheoFe]{er'a‘FFs OYERMESs Ofhose

bases are conngré alstfpatiey corchiv)ane flebidty Suﬁfuﬁ E6rrege o deiied . cormmon

“poi nt via equal -val ue star Qi nt onst ant
current is app|° Erceng disgr:lbut?on rcuit Leing controﬁnqogy ans o ci\

output signal of the integrator.
10. A precision current-source arrangement as claimed in
20 Claim 8 or 9, wherein the current-distribution circuit comprises a
| 'plurality of transistors whose bases are connected together and
whose emitters are connected to a common point of fixed voltage via
equal-value resistors, characterised in that the output of each
control circuit is coupled to the emitter of a respective said
25 transistor. . _
11. A precision current-source arrangement as claimed in
Claim 7, wherein the current-distribution circuit comprises a -
plurality of transistors whose:bases are comnected together and
whose emitters are connected to a common point via equal-value'
o 30 resigtors, to which common'point a constant current is applied,

characterised in that the counts in the counting circuits are

stored in a buffer'memory and upon termination of each complete
N . said cycle of permutations simultaneously operate switches by means
of which resistors are connected in parallel with the emitter

35 resistor of a respective ‘'said transistor.



chara rlsed in that the counts in the counting CII‘CUItS are stored in a

buf f nory tion of each conplete said cycle of ‘

per nmu) ons H“M”“ﬂmnuml;mmerate swi tches by neans of which resistors

are connected Fn paral Ifel Swith the Bnitter 35 resistor of a respective o’
- said transistor. . 18 12. A precision current-source arrangenent as

claimed in.Chgimall, c‘iQ%@%@H %ngdrﬂetm&%e%n?‘%t 8seflG Constituted by .

field- effect.e rans Tors R preci sion rrent-source arrangenent as A

cl ai med Chas 11, GhaF#ﬁtEIhtﬂd iv théheﬁhac’!‘ﬂrtFB@daFﬁ copstituped d¥nst ant current e

is an ouﬁgid-@gfg&ngrﬁﬁiﬁ&aher preci sion current-source arrangenent as
clainmed in C

ﬁi’s D) d %_grl‘rcurarrent -e%lOUI’ ce aH’iaﬁ? nment . _ .
- subst anti al | 9’ as Ad@'s'% B%’H H'é’f' & n £h réﬂﬁ_eﬁ%‘é *o° 5 "™, Figure 2 or
Fi gus e 3Clfim lpfort A2, dhamdatgrisedSiP(Eh2E the GMmstant current is an
output current of another precision current—-source arrangement as
claimed in Claim 1.
14. A precision current-source arrangement substantially as
described herein with reference to Figure 1, Figure 2 or Figure 3

10 of the drawings.
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