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ngitype stch astthat #isclosed in UlS. patent

application, Ser. No. 809,453, filed 16 Decenber 1985. 55 The input stage
that gensrates a thernoneteror circular code occasionally causes a "1" to
be err oneouthatthesizemtithe grotpat "1t inagasefby bhgsdacioimetthat @ incmasea by 1. IRiisths digitat equifralent
error is rebidheandlog ioputeoltageaFhegositionsefithie)"tsh amsi "0s” eguiddre rdyersed is Tebletler e 1 s at
| east one ext rAdcitculahende isemextansionaf A themomgtacodeito inglude all the possible permutations of a group
of "1s" and a group of "0s". Table Il below illustrates the organization of an M-bit circular code. The permutations
are defined as a function of variable P in the same manner as the thermometer code. In fact, the portion of
Table Il for O =P = M Is the same as Table |. The remainder of Table !l shows how the group of "0s" reappears
and then progressively increases in size to enable the circular code to "wrap around” the ends when P reaches
2M. Circular codes are used in ADCs of the folding type such as that disclosed in U.S. patent application, Ser.
No. 809,453, filed 16 December 1985,

The input stage that generates a thermometer or circular code occasionally causes a "1" to be erroneously
mixed in the group of "0s" or vice versa. This short of error is referred to here as a transition bit error because
there is at least one extra transition between "0" and "1".
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0 36 A twansition di{ etror notnally ©ccurs Gear wher® the de nmakes its
Intended transitiofisfbefween O and "1f, espeagially iroflash @nd folding
ADCs. Forexanpl e, ,a6{bi} ther meterc1ode ([e r])appea(E)s as (&10000) when P
is2. If [err] is produced 40 s a"l1l" instead of a "0, the CTode actually
appears as (11010Q). }{The presence of three transitions between "0" and "1"
indicate® a transitign bit error. The error creates two nmin probl ens.
Firstly, one cannot fell whether [err] should be a "0" or [err] should be a
"1" because the bi4¢ g§ransitions occur one after the other. The actual code
does not provi deqanyli ndi cati opn whet her the {ntended tode i s0(110000) or
(111100)20 Secondl 5& ifn ,{he absgnce of, a sui t.ﬁbl e corr{ection cha- 45
ni oWt He out put rquitry thattransfornsthe code into the digital output
signal In an ADM4% {sudlly notdesignkd to hhndl e sitlationstwhere there is
nmore than one tnransifi qp betweggn "0" @nd "1"¢ A bit tyansitipn error can
se- riously foul up t]he output_ signal. One way of attacking {hese problens
is to puls the c tr digh a R gital 90gic clrcuit thht either converts the
"1" at [err] tomeli 0l @ convests thep"0" ato[err] tota "1".1The resulting
code is in a thernongter format. The bit 50 error is 0 or 2 because of the
uncertainty about Yhg i ntended code. The average bit error is 1. However,
t he nean-square bi¢ drror is [err] or approximately 1.4. This is unduly
hi gh forseperformance [i ndi cators, such as signal- to-noise ratio, based on
t he mean-square error] rather than the average error. The present invention
provi des an errdtbrfr Rtion Rrcuit hat us a di gi?al "aver agi ng"
technique to overaMmcqnmeotransi®i on bi® error® in a pl@ralityoof original
binary bits ideally arranged as a thernoneteror circular code. 55
Accordi i to the invention an electronic circuit as defined in the first
paragraph is _characterized by error cor- rection ans,.conpri.sin :,enrg-, one
eans. for sﬁgyﬁéﬁ ;gprﬁg;ggge PR gTe e cpls el e i hegn gL'
[e“’{_l and [%'plj)rMe a bl therffbm &t 85b (0 D,03D,D5Ds) appears as (110000) when P is 2. If D, is produced
4 asa"™"instead of a "0 the code actually appears as (110100). The presence of three transitions between
“0" and "1" indicates a transition bit error.
The ervor creates two main problems. Firstly, one cannot tell whether D, should be a "0" or D, should be
a "1" because the bit transitions occur one after the other. The actual code does not provide any indication
whether the intended code is (110000) or (111100). Secondly, in the absence of a suitable correction mecha-
45  nism, the output circuitry thattransforms the code into the digital output signal in an ADC is usually not designed
to handle situations where there is mors than one transition between "0" and "1". A bit transition error can se-
riously foul up the output signal.
One way of attacking these problems is to put the code through a digital logic circuit that either converts
the "1" at D4 to a "0" or converts the "0" at D3 to a "1". The resulting code is in a thermometer format. The bit
50 erroris 0 or 2 because of the uncertainty about the intended code. The average bit error is 1. However, the
mean-square biterror is ¥2 or approximately 1.4. This is unduly high for performance indicators, such as signal-
to-noise ratio, based on the mean-square error rather than the average error.
The present invention provides an error correction circuit that uses a digital "averaging” technique to over-
come transition bit errors in a plurality of original binary bits ideally arranged as a thermometer or circular code.
85  According to the invention an electronic circuit as defined in the first paragraph is characterized by error cor-
rection means comprising:
end-zone means for supply 2K end-zone binary bits represented sequentially as bits D. k1...Do and
D1 ---Dmei where K is at least 1;
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EP © 328 215 Bl summi ng -neans for generating Minternedi ate signals
represented sequentially as signal sepossd21¢8¢h signal [err] being generated
so as to vary substantially accordi ng to a wei ghted anal og surmatlon of the
2K+l bits [err], ﬁ.n. e lerrar*ara% ch .,esrah % % e, Diel, S
o R
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the invegti on Figs1 98 bickbiagMiofa geﬁeraw@hemna&rraardn&.&meﬂrghLﬂ;bmrsabemmiﬁb.e

I nvent i on t hegsdaiin dtesridnedmth@heSiveition] cant advant age in applications, such as
ADCs, wher e t IFgl 2isablock diggRim ohar enfbodiment BEFY ¢ usingtomplémentarygpasident on t he
mean- squar e erFigai3.and fiare block@iabramsiofémbddintents obFlg. d & corlettingl thedmpmetanand Eircalaraoqas £ ,
wi t h ref er enceespaxtitelye acconpanyi ng drawi ng i n which, 25 Fig. 1is a
bl ock disagr amFigé. Sand)® are cieduit diagrayesi of genenal extended-inputifiip-flopsusable in the clnsuit ofdiig: dprst, | n
a t her nonet er Figs. Gznd Q@teazircllitdusram”miombimmlemenﬁatmhd theflinfitaps tnifigs.f5 apd 72req s
a bl ock di agr apactidelyan enbodi nent of Fig. 1 usi n | ementary signals,

Fi gs. 3 and 4 Lieefannersymboiaase employestin b HFQ?EM'B‘ efies 9%1;;“2‘“?9’ Wﬂﬂ@%'ﬂ?‘i‘&
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circuit Hiage sb’fd"q@ xt nded i nput f fI ! s abl e he circuit
i npl enent atk gation e ﬁ'p% R || §

reg‘%ence S e in gl3?heth rz % e\ﬁro?tl %:u"éwgde |sd Si @ S§?q Jegiﬁ ve
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previously ; ﬁb,g t§D errr namto t I 2 avvr ngs | g. q iﬁrst rat es a

Circuit that @perg Sy 16vesivedbits DAV mumn, drréu.trycrrsn&aa&sda{e e&tmms 13\sRable eBr T O
correct tr agredtioRid bbmbdeeir@iebedinhing afd¥ie of theloRgIRkPEbds. Subthcuits! 124 dAE 1 4 BrsViie e eRfa
circul arssf ovigat . The code to be corrected consists of Moriginal bits [err]

suppl i ed fr omirgparticalyr lbwes subgieuif 12 supplissKDROM &5 .. 10R. Upperauteiraall 14 sifilatly suppliesigrother
[err]. DepeKditaRyu.0n DuikaS latypically ti lbetrnmay e higher depending®un trardesied eomestion eunaeyd Fig.ii t S
[err] i deal $hpwhithe casa i whidhK ie2 Thevalues ofdits D1 S Boand Dwn - Padalawe deteomined In thewdlanner

di scussed atijsoussed pelovet wor k consi sting of | ower and upper end- zone

subci rcuPt s 13Summing giepuitry (feensists of Mrinfercannected gummingsilementis Ag Ane Aa thetresbectivelygen-
conparing cereM -twpry'e@ete veliegecsianals Er, niEp ingesponse tathe Mi2K bitg Digt-H ]I summing
Summary ci reiementA repgjvesdhe2KyLhits B k- DrglePlr ¥ where " i Again p BiANingiptegey 'F’P%?emn%é&!‘s
some extra PP{ucesits sianalkyseastp yary subsiantially aeagrding ko ayyeightadianalog symmation st bits Pk rfyand
end of the YPPgrersaY: BdtpSfunc8oni rcuits 12 and 14 provide the extra 45

bits. In particular, lowersubcircuit 12 supplies K bits [err]. Upper
subcircuit 14 si m'IarIy suppl i es an%& Kpbits [err]. Kis typically 1 but
may be hi gher depending on the desig cbiretid on accuracy. Fig. 1
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shoWs t He case In which Kis 2. The values of bits [err] are determned in
t he manner di scussed bel ow. 50 EPgBPe AgBGI rcuitry 16 consists of M
i nterconnected summ ng el enents [err] that respectively gen- erate M

i nt er medi at M-2K bits [err]. Each
sunmm ng el erﬁre j Eﬁf 'a&q‘ﬁha}émb%gfeeﬁggpaﬁné%ﬁ@" ere "i" is again a
runni ng |nteger ch e n produces its signal [err] so as to
vary substantially accordl ng to a We dPangal og summation of bits [err].
I\/bre pregisely, [err] is a function of 55 [err] 4 EP 0 328 215 B1 where

'S a I URRildghly stipR@Sknearidingr. This teRitibrship Bdn/e exrdasddizg: Wei ghti ng constants.
Each signal [err] normally varies with [err] 5in a largely stepw se |inear
manner. This relationship can be expressed as: 10 [err] where :
[err]ls a constant_for element [egr] and B iis a general con int El enent s
[err] ar® preferabPy ¥dlpsi taP. %Egg Basky, the [err] consfa ts are
substantially equal. The au wei ghtl ng constants at each value of i are
|ike- 15 w se substantially equal. Eq. (1) can then be sinplified to:
[err] Whe'eAEi'saW"s“"tf"“mem 22""@(35%?@?'6' cepsiagt. Blementahiafim 818 prsferably idepfical.
circui try 16onsagyantlyiibe Aecp staniially ?PéalsT“ﬁﬂl"fWP@E coustapta et eaeh valumff ammlike-
The [err® cWitesubstpntiallyequs. (?:)sz'Ptye'bttftﬂi'PP"ﬂ 4 (2) then becones: 25 [err] 30
where each of the [err] terns has been arbitrarily set at 1. Signal
generator 18 supplies M further_vol tage signals [err] at values that depend
on whet her a si ngl B; and&d+0B ﬁ d averagi ng structur é2)s desired.

n the sgongl e-ended case, eachi vol t‘gtge ?err] Is set at a reference |evel
tyﬁr—éal |'y about hal fway between the extreme voltage | evels achi eved by

correspondi GergA B33bnekd? Ednbtar fbr bﬂ&ﬁtr{ﬂ 4, B thé:AlSEeﬁﬁH dre tﬂpﬁﬁ\@#ih@ﬂeughﬁbecoﬁﬁnﬁr %%F

| evel s are ghghfs &0 tyichil 8quf ER (2) tidn bédt8m | e-ended 35 case, each signa
[err] is provided as the conpl enent of S|gnal [err] in the manner discussed

- bel ow. Ggmnparing ci rCU|try 20 conS|sts of M conparators [err]that
respectively prod M correc digital bits [err] by co ring vol tages
[err] respectivel ’t""h Yot iR e?:t-]-a Letting bl be a sel-ect one of

bi nary values "0" and "1", each conparator [err] supplies its bit [err] as
value [err]if [err] is greater than [err]. The reverse occurswhen [err] is
| ess t hasa [ wherd eaCloofiterapteans hpebaeh arpitrarilyiesbat 1bit [err] ata bi naryval ue b2
opposi te to bBigngigenamtor ] sunples M furher injtagecsignae F Gl %mefwalues 'that depepd omgwhether a
or vi cever s asitpigyenderes doubleendadiaxaraging stsyctuseis desired, !"é'i?rﬁ?ﬂ'ﬁ?“@# garerpact veltagp Fi ismet
normal resufka "PfS’et“??AQV"HYR' ”‘F'@"" P’ﬁWﬁ!?é'EP exiromp volfage | 'f Ff@'e""’é\}’é ngjpg

bits [err] ?‘%“ahﬁ'mé“qa' cl '° in 0% :é'g(?“’a\? egyded s
!tﬁ\(,avr grgrregzser ;ré {.Z‘E‘P 1524y, éi:%ﬁ Fﬁ feorrected”
oftran5| ti ogne ef ry%‘u oo %E;pa " V° ges E‘EW b F' tHing b1 bé aselected

at i onal o) UJS"}\ B é) tel’ %ﬂn Fi. The
Rof s JAE f'fmz 'i'l%tni@ el ﬁﬁa R broich\ L

: 51 r Wheth-
tﬁr the Infel H-é rgétu br'l rﬁing element
t r anS | tion RI theSbfmial Msuit@thdt b8, i pr&viliddhs 4 Q" i thS Ghvé\ﬁ eb OF &Rk §'ﬂ|gﬁ-¥)é%:, QRtatdp
over 3 bit Sthak §9)iaH@8s 407 iFthe BNe gagw 8.6.Viessfthadl 1/25 ? ust r at es a doubl e-ended
enbodi ment  of doheswlbnmL B, i8620y¥6rmi it etk or clrdulaF dbde. DOSTE e B SVedgiAd, 8 humber
tecture of bfitrgnsitidn biterois that decurs ith B| By Bating altypical dpafatishalpbifud &nieh 1B thaR B8 ndinbeall I
of si gnadss efitpapdition dit érrotepresatdehits O, QIDy. This is particularly true for single transition bit errors. Setting

K equal to 1 so as to achieve an averaging over 3 bits provides very good accuracy. '

Fig. 2 illustrates a double-ended embodiment of the circuit shown in Fig. 1. In the complementary archi-
tecture of Fig. 2, each bit D, is based on the difference between a pair of signals supplied from stage 10 on
separate lines. Stage 10 also supplies the complement Dy, of bit D, since complement Dy, is based on the fore-

50  going differencS taken in the opposite direction Dy, equals 1 - D, when D; and Dy; are represented numerically
as0and 1.

Signal generator 18 of Fig. 1 is formed as an integral part of summing circuitry 16 in Fig. 2. In receiving
the 2K+1 bits Dy ... Dy ... Dy, summing element A; aiso receives their respactive complements Dy g ... Dy ...
Dauk. Elements A, then produce signal F; so as to vary according to a weighted analog summation of the com-

55 plements. Thatis, F; is a function of



separat€ | ines. Stage 10 al so supplies the conplenent [err] of bit
[err]since conplenent DNI is based epos#s2i6Bte- 50 going differenc3 taken
in the opposite direction [err] equals 1 - [err] when [err] and DNl are
represented nunerically as 0 and 1. Signal generator 18 of Fig. 1 is forned
as an integral part of summng circuigtry 6 in Fig. 2. In receiving the
2K+1 bits [err] sunm ng el enent [erj=FkakigONiegei ves their respective
conplements [err] [err]. Elenments [err] then produce signal [err] so as to
vary accer dwﬁ%mab@em@h@mm,g&mgmm&gmmtl on of the com 55 pl enent s.
That _j s, [ errJakhto the £ ¢iieds, 643h Sifnal F; ndrially) va@Swithl5 Bl [err] 5  where the
[err] terns are the wei ghting constants. Akin to the [err] signals, each
signal [err] nornmally varies W|th0 [err] in a

| argely stepwi se |inear nanner. ﬁ Ipy 15 [err]
where [e#r] is another constant fomd itdrr]. Each [err] summation is

preferably done with the sanme respective 20 constants as the correspondi ng
[err] sunmainadaigelysinpwis linegrsmapner. Copgeauentye| enments [err] are ldentical, Eq.

(4) can then be sinplified to: 25 [err]

(5) In the preferred enbodi nent in which the [err] weighting constants are
equal , . (5) bec 2. 0 [egr (6) 35
wher e the aj ternsoﬁve &‘@al[*n bé%%‘se%d M+, Turning to Fi g( )3, it depicts

additional details for an enbodi nent of Fig. 2 specifically directed

toyfgmﬂf " URTRIE ol Gl aa.? i el qgt}mt. adtb w@[th o
put err

hovvn) nrgheq,%ggg,g,ﬁ@d[oo ' circuit 22 su vo tages err]
[err] and Mfurther voltages [err]. Each further voltage [err] IS

conplenmentary to voltage [err]. In 40 response to the clock signal, each
flip-flop [err] latches bit [erg] at "1" if [err] Is greater t han [err] and
at "0" i% the oppo§|‘1t¥ éxitsBs. é@c‘hjm“ of components [err{5) orms an

ext ended-input "flip-flop" [err] In turn, intercon- nected flip-flops
[err] in conmbination with flip-flops [err] forma nmaster-slave flip-flop

| adder . | n Inithe preferedembadimentinekichdhecaywéighting constantaard-eqyal, 3. (Specémdsower
end-zone bit [err] (i<1) nust be set at "1" to properly term nate the
correcte¥ code. Each upper end-zone bit [err]( i > M nust simlarly be set
at "0". These 45 twg_c@n e shown in Table 111l begkew for the case
in which K equal s % RSg % OgE N3 +328 215 Bl Table 111 ?k$herm)meter
Code vvith End- zone Exten3|onfor K= 1. 5 P [err] <O - 1

0 0 0 0 10 0

1 .«6 where the a Qerms have %m been set gt 1.
Turning to Fig. 3, it g;icts additiona} details for an embodiﬁent of Fig. 2 speﬁflcally directed a]rds a

1 1 thermometer code. Stage10 in Fig. 3 consists of an analog input circuit 22 and M flip-flops My, M, ... My, con-
. trolled by a common clock signal (not shown). In response to input V), circuit 22 supplies M voltages V4, Vs ...
\_‘ Vpu and M further voltages Vpni, Vonz ... Vonu- Each further voltage Vi, is complementary to voltage Vp,. In

40 response to the clock signal, each flip-flop M, latches bit D, at "1 if Vi, is greater than Vpy; and at "0" if the
opposite exists. Each pair of components A; and C; forms an extended-input “flip-flop™ S,. In turn, intercon-
nected flip-flops S, - Sy in combination with flip-flops M, - My, form a master-slave flip-flop ladder.

In the thermometer-code example shown in Fig. 3, each lower end-zone bit D; (i < 1) must be setat"1" to
properly terminate the corrected code. Each upper end-zone bit D; { i > M) must similarly be set at "0", These

45 two conditions are shown in Table Ill below for the case in which K equals 1.



15 3 1 1 1 ep 032824581 0 0 0
04 1 1 1 1 1 0 0

0 20 M1 1 1 1 1 1 1 0
0 M 1 1 Tdble IIIl- Thermodeter Code 1 1

0 25 > M 1 1 L

1 0 Fig. 3 indi (13 Fﬁgfzgﬁ%cpfgﬁfl?%&rﬁf%ﬁdl{12 E:E)nsi st Qf binary

si npl e nuneri call exanpl e based on Fig. 3 and Table 111 is useful in
denonstrati operatronar prin- clples of the present correction
circuit. Assune fhat elenents [err] follow Egqs. 3 and 6 with A equal to O.
Let B equal &o(vblt). Each voltage [€rr] tBen varie® betwe®n 0 (vBIt) and 3
(vol ts) .,eLet lB npry, val ugs bl gnd b2qf or bigts [err] orespecoively be "1" and

"1" and ;0" Psour'cei’of or Prjovi diPag th83r equPgi te t ePpM- i nat Puan. +1 A

0". Also, assung that bits [err] forma 6-bit code, The y in ich the
circuit operatleslcah nowbe seéh by é&aninpng t he f8l|omﬁng t hree cases: 35
Case 1 s |Cage 21 1 Cage 3 [oerr] 0 0 =
110000 11010q 1 110010 440 [epr] o 0
= 11109000 3 1 11101000 11100100 [err]
= 321000 & 1 3r21101 1 331111 [er @ 0 0
= 012333 011223 012222 45 [err]
= 110000 ° 111000 110000 Case 1 represents the

situation in whidh the original code ([err]) is error-free. An intended
"O%t 0-"8" tran- |50 sition occurs between bits [err]. Intermediate

vol tages [erg], ar ;adjacgnt" tp the y0"-tor"1" transitiono Sunmi 0g
circuitry 16 produces these voltages at val ues betmepn the1extren% (0-vol t
and 3-volt) |eMell.1Nonethel esst E2 ik greé{erthan [err], while [err] Is

~ less thap [er)[ﬂ[. he corrected code ({err])1thereby Yepeatst the o ginal

- code. Case 2'starts with the above-nenti‘oned exanple in which a single
“transition bit error occurs near the in- 55 tended "0"-to"-1" transition
poi nt. The pig.ParticaRs thatdubitfrouitfi€2 and 34 consisl of lirat'y "ii'rand 19Bscurcesfonpedvidipg the réauisitedest es
~either thatmination] is wong or that D4 Is wong. It is not dear whether
([err]) shoul ohsimplecuinenizal ekdnipl:@63d oo Fig(3lahd Tahi)lll is Gesfiul inglemensimting the ppegational prin-
correction ciplesafithe presept correationscingUitaAssyne tmelem@ts'ﬁavé:faﬂgwqu apd fwith fygqual to 0. Let
pot ent i al | yBeauat tivelt).drachyioltage Ecas Fidken variep betweenddvoiiand 3 rolts).| et binaryvalyeabland b
and a 1-bi t fonbiteB s Pect'elﬂvbﬁr'."'a?'d'o'-'@'%3'5?8“32!'9%1_“"(%6%"“3"?%%; s the
situation | n \iheway imwhiehiha crcyitogerates Gap Aowsbe segr} by sxanping thefollowing fhres, casefe

regul ar ”0"-}0"1" transition point. Fromthe ma% I n ghich tBe ;1 " and "GCs"
are organi zed in the original code, S&38.d cl ear SBBE&+=([err] ) shoul d
have been (11@@))p pihe mnal og ssunmeicoo® over cortd®10fle evi d@AP0&Pror at
[err]. The corrk éhlbdﬁgﬁ([err]) is supplied at the originallx i nt ended
(11%6800), 5 D,D,D,1{m,D Dhpws «1etti 109006 an eriId@NRERL of k1300304 r ect ed
particularly QOb\ﬂ%d% a %i rcul ar code. Conponents 10, 16, ang %q i,n Fig. 4
are furtheror guyB ;iE‘?Egle wayE des3RIAM above RS 1R g. 3. RN'H

st an ié%

-fl ops

[err] are sub- i dentical ,_ Vol tages [errl,J.n Fig. ferably
are the inter pbjEglsf s pro- ARePIromth 1i1]r$t2:§r pol at Pér%ac%f%r cuit of

t he fol dishg Al i In US. appl i catq Ser. Nqoobd7, 867,
filed 2 Dece tg%ﬁ);%ﬁ res po'Fndi ﬁgﬁfdyot he Eur g[}g?r?opat ent application
EP-A-0 319 097. 10 Each | ower end-zone bit [err] (i < 1) in Fig. 4
must be the sanme as bit [err] to enable the corrected circular code to wap
around t he €Easks!.refifesehts the sibuatianiniwhichiie dgginal gpde (D15 ) is emrasfeey Ap ;f_'bﬁﬁﬂs‘t"o'ﬁ‘g'lf tran-
same as it shioracturghebiesn bits DxandRy. Istetmediate veltagesFa faliEeiashEs areypdiaages” fe foc0%ter™
which K i s transitiohSumming ciceultry 16 pradupes these poitgges at ygjuas betwgen the extreme (C-voit and 3-volt)
levels. Nonetheless, E; is greaterthan F, while E; Is less than F;. The corrected code (B, ... Bg) thereby repeats
the original code. _
Case 2 starts with the above-mentioned example in which a single transition bit error occurs near the in-
85 tended “0°-to"-1" transition point. The organization of the "1s" and "0s" in the original code indicates either that
D; is wrong or that D, Is wrong. It is not clear whether (D ... Dg) should have been (110000) or (111100). Con-
sequently, the correction circuitry provides (B4 ... Bg) as the "average"” of the two potentially correct original
codes. This gives both a 1-bit average error and a 1-bit mean-square error.
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menfed in Fig. 4 by sinply making the appropriate connections of flip-flops
[err]. Fig. 4 Indicates that each oepgisgedisBiat [err]) is a differential
signal forned with separate signals [err] 15 and [err] In partlcul ar,

[err] equals [c.‘%iJ:lre fitd ¢ %Ft ‘?u&hﬁglm 4 s.t'ro?i buté Lho'awq'a' r
of signals [ ﬁﬁr[ Kll:lﬁge & ahd -‘Bs- ’o a ize!d creaﬂ &tfo, 2!
circuitry o ,)@h rﬁﬂé‘\k fen\(ﬂE sﬂﬂm dgode
~extended-i nggt, gy i &ip e@&t eeJnE auy Ii'-t ded (11 déi Op ' n Fig.

- cont ai nssseverpe 4 SHBWSefld f&H etbaAMBDF KIg. 8 diftieie uumyﬁﬁi&@eﬂﬁr&ump%néneat
begin, wi t h 4d)¢s lakd 209 Fig. Dare fdeeibrgahizéd WehEw o@ﬂﬁbe%ta&fvs foPAG. 35FIiprbgels, { §,046 sub-

el ectrode 28wantillyidentical. ¥ohages Uyt VRiune V&G didOgg, it Bl prefordblyarethg Thtbrpblated sigakis prde
(CE) for covitsddtomi tignterplstiom tirchit o tha foldingi ADC desribedanU. S pateht| spplication, Sek, N6la 27,867,
Char ge car r filed 2 Décembart 987 rrasporkiing &the Eunapbarpateet dpplicatios EPAK0819 barw el ect r odes
of each tr an- Eschdowsr emkzons bitd § <4} in Figst rust tsetthesdame asbittia:ptn enablethei cardcted altculbt S
second el ectade thewrafbground dife entise Egpbuppen ridzaoue bit I (i 311Ny tstmilariy musthecthe $ameas bit Dy .
preferably % m)bmltwshwmb sanditionis fop tha gasg in which Kiissh: Subgirayits 12c0d t of Figificareimplas e
that respect ZF'&H@VFM?WN&N&M PrpRPHatecopnegtives offlipflopaMoMi- f | ow el ect r ode,
and the cont r &f9- &indieatas dageach originalpbit B{1 54 7 M e differpntial signs] fermed Pa’ﬁﬁ?b’t?@r"l
be enbod’Feda"!i@Na'“fHa@F‘E?’-é?' pals drrdan%ﬁrc%w lsarevrsn@rmwsvmhatpe “g&t‘%s by and

orjunction P'sl' %at e

Tour e dran ctrode res ectlve
the first, se tilt A "a' i lse rfagnpl %tu
g f ﬁ nsrs 1 § I% QA\
de(g Iingc nt nSih §tw‘é$
ale I‘OI'ISOI'

flip-flop [ )
g?), 30 d f
En one Wél&'ﬂ'od carrie es) that n the flow ctrod of each tran-
0 0 sistor originate at Ithlrst electord and terminAte ts second electrode:
0 Each of the gen8ralized tranSistors In Fig. Bis 3referabl a in&olar trénsistor havinﬂ-an emitter, Q oollector, 0
0 0 £hd? base that pectw@ly are the firslflow electrod e, the d flow electrode, and the@ontrol ele
04 251 Each §eneralized transistor may, however, be émbodied as a field-effectiransistor (IﬂET) ofthe msﬂat&ﬁga@
M1 drjunctioh type. The FETXource, draid, and gate efectrode respectively are thb first, secofll, and contro! elée-
0 1 troded. 1 1 1 1 0 M+l 0 0
1 1 Slimming element A; in fllp-ﬂop S, of Fig15 centers afoutBike-polarity ihfuPtransistors QA@nd QB,0
0 1 1 1 1 Mt3 0 0 0
0 1s0 1 1 1 M4 0 0 0 - 0
0 1 1 1 30 2mM 1 0 0 0 0 0
0 1 1 35 2M 1 0 0 0 0
0 0 1 2K+1 resistors [err] resistors [err].The first el ectrodes

of transistors QA and (B are connected together at a supply point [err].
Their se®ond el ectrode are respectively connected 40 by way of lines [err]
to nodes [err]. One end of each resistor [err] is connected to the QA
control electrode. One end of each resistor [err] is simlarly connected to
therB control electrode. The other ends of

40



each pair of corresponding resistors [err] differentially receive bit [err]
in the formof respective signals [eppbe@garator [err] in Fig. 5
basically consists of like-polarity storage transistors Qg and QF and a
| oad 24 45 arranged as a conventional bit storage cell. Cell current for
enabling the cell to store a binary bit is provided at a supply point Ps
connected to the first el ectrodeabld I\fa-nsﬁ:stmbaﬂi'kadnj Q. Signal [err] Is
provi ded to node NE at the j f é?&)‘ﬁg ro and the QF
control glectrode. n lrigéhsrm arly provi dﬁ%oqﬁodgﬁ[err] at the
jungtjon of thé QF e‘gy iecth@dela d the QEC Pyrpl Fhect e Load 24
supp |es bit Bl in |he formof srgnals [err]. In certarn enbodi nents, bit
[err] |s provided. djrectly.from nodes | err] con- nected tp | oad 24. The
remai ni ng el enment’s pre’ a Qirrent sodfce 2(% and a svﬁtch 8. rrent source
26 providges a supply current 1c®. SWtch @8 switche® cur@ent ®cs between
points [err] In rgsponge tiz) a cjock gignay Vc. The glip-dlop @perates in
the foll owi ng way. WtCh 8 Is at t e position indicated in Fig. 5 when
clock Vc is at a 3if{sticocking Valuel[errQ. Transi Rors © afd QF are both
of f. Transistors KAjangl Birecetve currenf Ics 55 oby vay ofoswi tch 28.
The sum®f currents{[err] flowi ng respectively through lines [err] is
approximately equal Jto Ics. Increnmental voltages representing the val ues of
bits [err] are appr¢priately summed at the control el ectrodes of
transistors QA and . This causes their conductivity levels to differ

or di ng to the biq values. 9 EP0328215B1 Ics divides between [err] in
th ame®way L%l 24 cbnvetts clrrenls [etr] into vbitad®s [fr]. Switch 28
changes positionwmhgn ¢l ock Vc {s swmmtched to a second ctockimg signal
[err] different f{jo [cF:rr] Tra.psrst rs qbt and B bpth tyrn o.if
Transi stors QE atch ata "1" or"0" state dependi ng on which of
voItageszs[err]Mw% i gherven s@gnalt[err)switch- 51 ed! Bitl[err] is
provi ded at a 4le cahrespondigg togthe jatched state. Fig. $ shows the
specific Interc 1‘h&‘ne tions for a block of three flip; flopi {] enpl oyabl e
in Fig. 4 for ME*cgselin %hiclPK eqlials 4. Each flip-fidp in'Fig. 6 is an
NPN bi pol ar enbodj ngnt of the flip-flop in Fig. 5. The particular elenents
in Fig. @ that Inplgment the items in Fig. 5 can be determ ned by
i nspection of the't figures. 10 Turning to Fig. 7, it shows details
for a current-summ circuit preferably used to inplenent flip-flop [err]
in Fig. 4. Someypiqthegel egentsgin Rhg. 7gare the sgme ag in Fig. 5 Only a
brief discussion is |ven here about t he common el egents, The, sunmati on
circuitry in fl%-fl [er?] ofoFrg 7 chters aroufd 2(%K+1)1I|ke pol arity
i nput transistors de- noted as f| rst transrstors [err]and second

transrstors r es S

r;;ct ed bg&;}' f?o ﬁ?gE" . Rbo . g‘ t-zct.»Lae éé
pol [6{9” b gr%;"fﬁﬁ tﬁ i rs%n% Xontrol
connect e b)! r?.feé tor i€'si tMrr th Bto eIe& S’&t{@‘éﬁh P e
[©1 1] AN Pgie beif o bdobopordite rbcibhd 10, o &ﬂrﬁﬂg mﬁhsfomofreewcﬁvsre@
tran- srstoaﬁad%,r_] drfferentrally receive bi err] Mh the form of srgnals
[err]. An i ND@oknpitktor G A, & bificalytBnists dhike-golarity Btofag@tranéistols E vkl QFlaRd & iobd 14
el ectr odes arangdd aslaltbnveitiondd bit $tdiselcBI) BEIl dutrén for &dabling thé @ell 18 Etore @BMEY®It RGrdvided he
2K near est &ta sopiy ponsPg dommeptad foiti@\fivsd slectiotiss of transistore QE aihd QF] Signa) E, isgaVided i nbde
[err] in fl Npattteljwwtidnef thé QB secosimiucieaie anl theQE cipiydl glegtmde Sighat Fyig simiiarly prpvided to
flip-flop [ aedeN: etthejuriction df thefQFispoondl elgctiods anji therQElcofitent elédtrogle. [amd 123 supplies hitiB(irc )
flip-flop [ thefomsfsignal€hrad br. rrertdimymberichete,bit &| i pravided direstiy it iodes NrandNegon-
around t¥e e#ﬂ?gtq'eﬁd%he circular code. Fig. 7 illustrates the situation in
which flip-fl d'be GP'SmﬂMGFH@Wﬁ@QE@ZWdFISWBhPP@W E9urce 26 previges a supply
transi st or s¢yme 'f?q 1“?"1’%) it fos Petwean points £p F“df'TSr"E'PsPE'I'sé&‘t*’r%Es'@BhYoect ed

to pf)i nt [ er Thf p‘F‘PFf' IE’ u;& ing Way. Switch 28,(g;af the pas T’?’ET '“‘f;)‘fg:;‘;qg - P I"’B‘H‘ °@'t: IYq
conti gurtd. ik %Fg r"mt%'earﬂ%ﬁe@w% ol rquatpes oA s w}%
strictly a lr‘crem‘e l\)o&gzé rQ&eJeﬁtfna lhetvgﬁesé of Ll{s BtK are ap%%&na?et} summed at the control

electrodes of transistors QA and QB. This causes their conductwity levels to differ according to the bit values.
9




in i:lg 7usrngapr|rred notation. In total, current source 26 in flip-flop
[err] provides current Ics through Epo.iaﬂggn] to 2(K+1) input transistors
I'n sunming circuitry 18. The correctlon circuit operates as follows using

the inplene t Hidel Vi’”an’.d mt i t ches [err] 30 connect |ines
[orr]respect? %E ﬁE{ &&% eaitch&grat rergtm ol Voo
conmmonl y SURRte roﬁj n’raPch ﬁﬂ%nt 1T AR gﬁs SE efeCh
of flip- 'Oaéa Frl mh%rae« .ea vol &@mﬁ. 11 J{‘rrane irchi! ©
subst ant j al by ait S& Hroviddh at sivl Bndﬁd’g@J‘tﬁél%IcﬁUd%ta&e“ erri receive a
total, sup- pl r.gcelarrowathelsaécﬂe infercdfkié@fions for & Bidok oFrnrehhﬁrwaa,, @%ﬁ&ﬂs,n%rnmoﬁ%re in
transi st or SF.erfodthe ca6éth Whith Kledulla 6. HaBMp-fIIPFib.YS 15n NFNHigoRPEmbS@ImeRts Heflip-Rdp
thei r si ze. inlPRpE THé pagticlar elefenty IFiges Mt ifiénibntthé iten@ InFlg. 5 CiA®e Béterinthed by inspection

t ransi st or sofitie taofiguespondi ng pair[err] is turned on while the other is
turned off. TiTerning brRigr,it shbwsodetalisefot sscufrbrd-aunmoing dincwtpegfierdblyosed to implem@ntSiipsfiop 1Ss
[err] that &Fg. 4 Somed therlements biFigntate tie samp dsiintig. p.4niyja bief discussiendeghen here Alout
[err]. Liketescenmanslements. [ err ] through line [err] is formed as the sum of

t he i ncr ement dhe supmationcireuitydmflipriior: $h pfdigy I cantensasound 2RI hitkepolanity inpus frarsisto ]
t hat are t upgiedpséist trangiptera Qs - [%}Qt\ltﬂ!? rapgigiers @B.r g QBo -t Rix- Thaiserend elgctr-
bits [ert] epoftransistors.Qf ik sQiyr HH*!‘ aswiteh 30 etheewtqheetetv@semNeand
possi bl y f oPoittReiThegeernd °°"A§§t9fﬁaﬂ s‘?"ﬁ Kt @W?@%"&%Wﬁﬁé@yﬁ"“ﬂ&m

| e d ndingtran-
{(eE (r__} ]r r ]have eroéhe%%r@lan d'eggﬁgl”gmmﬁ"lyl @" t?ﬁ Mlg@f?n%ﬁﬁ?‘:é@ L
ure of fl hef u

£ 0 326,215, A AT e ,zsér r«a T :m% gr:%gb
an ranSIS :11 upl i a || I , =Ij ﬁ
Egs. (7) an ﬁ S|+ .Bﬁ gﬁlat't::ﬂﬁa thW@n
the [err] tgiy ﬂusft HELIS iohfﬁ hE:ﬁ’ ,Ene rbﬂh fidps

currents [ew 1B inffib-Adp! & (REIF flrst elelitoli€ ElfAfected Ep%lﬂfb‘;?ll&ﬁpﬁwec Ilnes

[err] whgn cl %iﬁt P{Gn fli-fcp'd, is 6186 sbnhdatell Bthe first Babtivhie br2K bairsofdifirah@ly Sonfisrddl idput
Current | ar galsltoRWHEAb ndast: 2K ip-fibp& Afoti§HHobstidy & palt JFiipKBLS), thedb trins@iorsaire showrD!

"0" state. ihiFigs7 dsing @pamddmattiondin total, pirfeeil s6écda6lin iefldp]S, Mbvides durrBit Iy thidigh/idintiey

dependent oto (e} iyt trambsigtora in sudining cisaigry ¢8.eat er t han or | ess than signal

[err] just befToe eomectigmeiicuitbéperatasasdaiows wing the injpleméiitation showg IntFigD Swltdhes80: andS:

t he ci rcai t canphevhlines Lz afd Lg respéclivaiy toabdepe Npand biswiebn tloek signal Vicaquais . Sloci\adsscommonly

Sui t abl y si supdlied to allofiflin-Hens iS¢ €8u. (Transistas QE and QF in egahdf flip-flops Gu t Yeare therefore turned

substi tut edoffor the connections that provide the wap- around. 15 Fig.
8 depi cts t he Beprupafiin-Hlops Hit- §Mé'@ﬁ¥i§@t‘tiatbﬁ%°"¥'@r thainarttrenéiw in flip-tap S raeefye p tokal sup-
circuits [ePV "°Etr'ﬁ"9 egy2hi9|los- F"Hhelﬂf“@'e °ﬂ° tt isfors QA i Bpregeives a fractional supply

W|th|n circ

| pl e é J&E'"q" ’5“? l:."a‘ndt .,s é%""é%o% T B Gl ’FF‘BW ‘E\bt e
g\d ﬁmnﬁﬁ bllfr%% Bi%)‘ flo hoicwite mﬁréa

the |nvent|$ dQﬁﬁ ﬁﬂiﬁ;L aa I

this is sol for t e pur- pose fustratlon and i s notto be construed
as limting the scope of the invention clained below For exanple, the
extended-inputflip-flops mght be inplemented with current multipliers
using cowpl ementary FET's. Thus, vaxlous nodi fications and applications may

¥ qou nt p'bl meo hqt s rgp Wnﬁl
extept th r% ?gﬁmw gftgmsrgffr mqfe :E j?%g
ose%

be made by those I:aed(I b4 ) departing fromt scope of the
I nvention as defr In th Safol?oen cl‘ér %‘é‘j 25 d ains b?)
50
s S & Y = wj(1 - Di_'_d) (8)

55  where the term wy equals

10



1. “‘An efectroniccircuitconprising an inputstageforsupplying Moriginal
binary bits represented sequential IppoHlg21581 as bits [err] where Mis at

| east 3, the original bits switching between a first binary value and a
second binary value as a function of an integervariable P such that, when P
Is set at any particul ar integer val {n a range extending fromO to M
each bit [err], where "iI" is a runni %w ger, is ideally at one of the

bi nary values for i > P and at the other binary value for i [err] P.

char act er i zpd, by €14 Qhed R iiGs QA o BndRshe SI0F B, Is 8fr, 3 Db given as 0 in the opposiidédse ONe
means, fOs? B? egie %a Hﬁg hﬁﬁs)l’mrrcﬁ&ﬁdfﬁasaeqﬁwgm J:o)istﬁﬁs
bi t S err] frld?ad bhvéits chﬁe?u&tls. d |,§ NS Voltkged E ARPF, fSMitcige B /aRd B0R Gorvect
Interned | ghg LSE'am S pdine L VR BbR Y, BAWHEB to V. Pl Ps Febdied b Suppl§ Liintent largelyl &tdl]
each sig nal to & Trahsistéhs G aSHEOIEthaH 146h df @ " 6r "0'Cstated This SOWSIbAIDA tcprddyicectit®@pat dibingry t O
a wei ghted ﬁméh@gnd%htmhétﬁﬁhlﬁﬁd E, Wés gfdatet than drildss thhresignpl Fpjosd befle signal V¢ changed to
conmparing ngans for producing Mcorrected binary bits represented
sequenti al | y wath Sightsnodisicatipns, the cifeait shhwibin FigoTipanralsn ge esed fona thefmemefer code. Suitably
respect i vel spel tuveitiséundes thetractsis tard30"seymree are substiiutedfon tearonnabtiops thal proyida thewrpes
[err] each dmwund.[ err] being produced at one of the binary values if si naI
[err] i 95QreaFigrs depigs theisgerifix iftereanhectiond fan a bloplcof Bwaeddentisal tirpuits Sl $& and s'9|
[err] is | enayahieninfigs4 fgrihe cqsewhere Kiso. Cigcult § ig Fig8 j¢ an NEN l?"f?'aﬂ"!ﬂef?PTatm@fr
each ori gi n%lnFig. 7 e%cel'trﬂ]at $°§1°|°ﬂ'éainl’ trapsistorgclorfliprflop Syzre shp
and at the Be8oWEh thie inmigd. {harelaments Fig. S.that "E'H%‘P"&&'f‘ H "P'F\Eﬁasg F\'
or |E§§%&g§§rt%p;he
&R\p

Ay “E@"’*""*"’n"*?a'e ekt %E r"ﬂaf
‘fn%ﬂ. Ile iy F éﬁnﬂuso

that each s l'“ “‘f notfo ? I

||p- ment

vol t ages ac zﬂ K nﬁp thﬂut dep%rtfﬁ? Frb trle

I n Clarml é’\;‘ sdl mhe cginr,sn eac groupo S [err]
are givep approxr rrate y equa vverg |n generating signal [err] 5. A
circuit as in Caim1l characterized |n that the sunmm ng neans generates
each signal gfafifd ] SO as to vary substantially according to a weighted

anal og summtron of the conplenents of the 2K+1 bits [err] ... [err]. 11
EP 0 328 21§ Bihefctronlc@kduil comprisfiigu@inpubstagh fonkupplyiig Madtigingl bioary bitarepfesersedsenuentially
transi st@r [ erdshbité B,, DS I. Dy@Méte Mas dt)easts, thé vrigmaldits Switching: etweerppfirst bineryvalueandiqs .
(7) and (8) arscqhabihdrgvsiuetas &fanktioreof i intager afiatiecfsuiithatawhen R 83t atanysarticwarintrger
[err] terms aralubina ringe ehéndingfraw st M mbah.bit D whene Wilsca ruihing|intager, i ideqlly atoae efdhe
currents [ err]biiant alueoiot ixgeand[atthe btherBigatyyhlusfor [P, IGP%F‘I?P@@V eirgr gereeciios imepisy
point [err] whemplsingck V is switched to [err]. Point [err] receives a
suppl y c¥rrent | aregéene agensiforisupplying 2K yd:79aq bigany bits [@F‘F‘}"‘ﬂdﬁé‘ﬁ’e'l‘tﬁ'ﬂycﬂﬁ bits D.ggp1 v

or "0" state. DoendDgi 4 &mﬂhﬂ'a!f'%'%"-produce brt err at a vaI ue
dependent on whet WEF"“@EQ?&‘F“[@ ting 'an B‘ﬁ WE tion
[err] just bef%r%“%? bejng gg atty ?"PT“'“ #FFoKing ngwe a

S e 20 cqﬂ%{“ e i Ear fh ;ﬁrﬂﬁgﬂr‘m&..s:“
substitute o“als M {g rthansug i g

8 depicts the .-SQ isémml sry °'$ .serha@s. re€ 1dent | cal

circuits [err]’ or the case where Kis 1. Crcuit
[err] IngFig. Bc.tcﬁrt a’iﬂn blEﬁN mrminaerach dﬁprhanen,tuﬂ"dealmamfe fitdt biparf vahye foré=P|and at the g.
7 except that ssodhd birbryiviige fori[2(P chiuaeterizedih thateabloendizbiebitDj infixefl atthe firstibinary vajyin
Wi thin circui tferif<eirand atthefsecpnd BinaryWeius farb* 8. i n mi nd, the el enent s | n Fig. 8

that inplenent the items in Fig. 7 can be ascertal ned %&m on Not e

that signal & [é?‘ﬂ"a&f“&'%‘?f?ﬁéﬂ"z&@" @a*re?‘é‘ﬁrgn% {sefata rpfpre °°Xt%7 | e
the investion Ypiegesachieveshy slonahbqurins PeMAIPEAORce t 0 particul ar enbodi nents,

this is sol glyhQkhfle e .mrma?s‘m%ed irthmrerba;.nee%n droAblis G D, IRRSleigheH

as limting'th “?F hrtsr],y hRES l'ow. For exanpl e,
ext ended- i nputﬁpr p- 8 ua be | np ement'ed wth current multipli ers

usi ng conpl enea bniwiyad-_iEEfaﬁn 1 Ehtaeterlzed in that the summing means generates each signal F, so as to vary
56 substantially according to a weighted analog summation of the complements of the 2K+1 bits Dy ... Dy
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various nodifications and applications nmay be made by those sm,mﬁm

art w thout departing fromthe scqief8s2id®1i nvention as defi "rlm "'f””",
appended claims. 25 Clainms 1. An electronic circuit conprisi ng" arf

I nput st agef orsupplying Moriginal binary bits represented sequentially 30

as bits [err] where Mis at |east 3, original bits switching between a
first binary value and a second bi na%l‘{rﬁ as afunction of an

i nt egervari abl e P such that, when P issetatany particularinteger value in a

range gxt %nq ?mlthltaﬁ‘ser Al trarsRiof OB, is¥Cdnd D,.Jis giveh a&0 i thaldbptgite case.

i nteger, IEﬁs ( % 1) ¥rePhrtilifizedversiohs FPERAL) My @) |Hﬁﬁcﬁtﬁmtemﬁmdelﬁin§&mwtﬁer
bi nary val ueag Phgls loBd 54 colverts Barfentulls bhd IR Ghtdybitajes €/ and G| Switches30: BMIE3NE connect
conpri Si Ngres3Dand Lg to point Ps wheiElockVa & sitchad tol\Qs. PBitiHalratelnes aXdpmyclimant fapgelyi equal y

bi ts repr esigdTrasbistor IO aid GH then Idteh dia 1S of "B state..This aflowss foad 24rte pecdiiCeibt Biat a binary t

1; sunwin galmﬁ&fd&lt gewietiet signgl Bivas greaterthcin atlessshag mighad F\ justhrefosecsignel¥c changed to
sequenti aMgyas signals [err] ... [err] each signal [err] being generated so
as to vary Switedight triodifiéationactheringiitaowmindig& cefirisocbe aped forp thermpmetersade, Suitably
2K+1 bi t s sfetauirenhsrcagthat act as 1" and 'O'earmﬁreﬁgbsﬁeteﬁ@rr\amnp?%ﬁé'rahweé'zﬁmt ed
b| nary bi mpurdkpr esent ed sequent lally as b| ts err .....

T @e%q%
e sy i Fgrf g& gF
i f si gnal ?r 'th“gs Elglﬁmg']t

L1530 °§ P rcurt as |
whey ei , e .Eéim E? E %‘h‘ﬂm ﬁfraff ol rxsarer)fmnefp@r-
[err]P and fths a&a&r@ar.h ddbBiow. [Fof erarhpi& ach
end- zone ﬁa ht ith :Pe?nwult ¥piers Gsig@bmplertehta’y FET@! Thid) €
second b nd a n.Mron@m BE mad byl thisse 'skllldd! iR thB arkt withiut depltifig fedlthe N
t hat each gpt \‘?‘Jn{ nagggfﬁ,t,@ﬁq,eragg@amyol tage between the extreme 50

vol t aggs ac |eve by signal [err] during normal operation. 4. Acircuit as
in daiml characterized in that the bits in each group of 2K+1 bits [err]
are given qimmeOXi mately equal weights in generating signal [err]. 5 A
circuit as in Caiml characterized in that the summ ng neans generates
each signal [sneledtrosiocisitdomprisog yn ispubsiegarir supplying W originatfiinagy biterepresqsied prauentially
anal og ssunmatas bits If DBy whapMdsnas feast 3othe priginabhits switshing betweenia first b'"ar{'é?"r' gand a
EP 0 328 215 second binary value as afunction of an integer variable P such that, r@enfrssﬂatgrypa I@larrg\teger
circuit as i vaiginpmnge eendiag from@ taM, GP?@“P&IW“!TP{' is @ Funping ‘§t°$ed'é%ﬁ’? at pne gf the
first binary bipayyalugsder i P angd al theotherpingty “la!'féf%e'cgrﬁ?a'ﬁ Fﬂiﬂ/ WD F‘HP" freansp
char act eri ze@omisingiat each end- zone bit er r% L? ‘f}% th el ri [pr nary -
val ue #r | < 1 8pfose mewéf%é\tpamgsr ﬁ”aq”;” Q Bingny bt sd'?p"?sege eqentt '¥as 'F’burt

as in daim 5’06?1’89'&&8!“1"? nd-zone bit [ |'s
nal nted Jugr]t y%s E
b'¢ ferr) “obes E:T i nﬁiﬁﬁsﬁ&%ﬁ b e R
each grpup of™ g;r, ﬁaﬁgfg}lp,'éfiadﬁ d MBirke emr%r&%p?es%ﬁned&weﬁaanam.@m mLely
equal W8| ghté AohdiE K ,0. n@,,. rés @rfvcﬁ/ewuﬂ-lﬁfurtﬂer nQéfeErUé&te@Seqhéhtnﬂy&h 5y
characteri ze ars ¥ aTFM 5 5 O Boing Grodiitdd GEHD Hthe HihaFJEaNEs IEAGHETE, BQrobortear sigatts

rep- resenteg, ﬁﬂQM&E‘&thﬁ'bln!ry@ﬁuéueﬁédam]&lésema]\ sig@fF. section [err] conprising:
a current source for providing a supply current lcs; first and second i nput

transi sors, Acdoik seinClaig tavhbisinsact drigingl dlt Bos ideals at the firsthinaey vRlug for b5 Band #dhe
and a cont r olseeind binarp daueffor >Poahenaeiprizadyinthat pash end-zone it isdixerhat Bt biRery aiue
fl ow el ect rocfers<1tahreattherss®ndablwlvﬁd}t9é@'twpl ed together at a first supply

point, each of the se upl od 192, 4 ffre fta QB&wSdn ttid eRddnte OF
P?(rjgts |5§rp|§erida$ pult 8 @Pn?bgﬁ%"ﬁgl §§§‘ ﬁ};ﬁ hce ef ene Sne. end of each

4. Adcircuitas in Claim 1 characterized in that the bits in each group of 2K+1 bits Dy ... D; ... Dux are given
approximately equal weights in generating signal E;.

5. Acircuit as in Claim 1 characterized in that the summing means generates each signal F, so as to vary
55 substantially according to a weighted analog summation of the complements of the 2K+1 bits Duk --- Dy
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pl éd to'the control electrode of the first transistor, one ? "
second i npedance el enent coupl ed tcEptmsm1rol el ectrode o " mm‘&m “’””m
transi stor, the ot her ends of each pair of inpedance el enents dff-

‘;rg;ﬁgt :c g'rl r C L) ineg]atchg ﬁ\aﬁ) lgfeﬁ:g’gﬁﬁr}%% \:jﬂu} fggi;f p:efjﬁ)%é ge
suppl i ed at t ag’ f? J%qg aving a seicdn suaE)pl)" 'y poi nt or
recei ving supp y curren to stofe a fil[err] and sw tchi ng neans

responsiyve # 0 ARiréilt @€ Ih Chirg 8 Shardcfised i that badhgand;-wnb D, fdre S 1 lisctha\eagne ab hieDjwisand and
second 25 each\éfgLoie BIOD; fdr 5> M Isihe séme es bitDytw.as in C ai m 9 char act er| zed I n
t hat each i npedance elenent is a resistor. 11. Acircuit as in Ca

char act er i Zed Aicircuit ain Clale5 ahameterized 'aﬂ‘ﬂttb‘b‘ﬁ*ﬁé{‘rqa?@’?@%ﬂ:ﬁﬁfﬂ s MW'&?’U@]‘V

i den- tical sé@ﬂﬂ'%‘ﬁ@pﬁ"@%ﬁﬂﬂ@d‘a@\%qﬂl@h‘ﬁ'@ﬁ'?9%?%6'9?% M9k r] each

sectiondg er J ] r%das Isblrl SG%%ﬁctenzed Ilil that thas%f“éﬁ%&z%ﬂﬁ fané & pﬁg%&bﬁlﬂe@
i se sin

supply currenft .- po arlty I'nput
transistors repre gf%&'ﬁﬂf'“s | qu:fgc rehtils; transistors QAlerr]

and as second tr aﬂ CP 8dcon n’t:'phtrt nﬁﬁ&? dhfbvhigh Hfl&&?&féd?&lie%s@bd’n&fl&vlé%&mds, and

el ectrode, a %%s;ﬁ.raﬁ,.? lobtirbllifGvenBiRihsisdicA bbfwabn thd R eleatikle, the fitsoeiéctodesi Ng
current M ransiggpib ibBet H’mﬁ sﬁﬂﬂ@ pbihtOalicIPor BfelsbddfEslectrbdee cdupled to adiiffsnt 6ne dspair
being jointlyqopsbaed:1ed with a current largely equal to current Ics, the
first electrodes 0k+133irs of first andsd6dhd [hfpbdanea‘elmmsma@mddfeag\fh'stlln]:sdanbmlmentcow
[err] (where " jpled lotheédcontrdd Blediigdd of tha diest fransistapbrecdnd afgadhisesond iripedapcerelament coupled

el ectrodes of tewebonpélielectmtie tfittmisacond wansistprethe dthivendsyf ehich airotimpédandeyslements dif-
re&p‘ons%e t O fésertially eeceiling 4 ditferent orerefithe PG thiteBlac .o -t P fi rst transi stors
coupl ed toget her bibsterageimests fborigarsrating kit Bsip respaisectp signajsdiend Fpspeqtivelyssuppliedat the
transi stors coogssdbe stasegetmeans havinga sseand aupply Poiet for fepqivingsupply suentiq storem bt B; and
generating bit [eswichingmeassissnensiveten cacksigmpldor pUtching querent leg hefwaan the tirgtand secend;
a 40 o5 T r§PPPh!rP8'"§econd nodes, the storage nmeans having a second supply

poi nt f.or rfﬁox Q%EE'@ rangl-ra eﬁz@&mt t§£cmnt?%pén%e§emdanga%$|ch' ng means

responsi ve or coup I'ng rst and second |ines
respect i vel 3. tatirtdit@s ficiaih 5 aHaric@ e MEhalRel aimmiignd édipartl Medns sbrapiied M iargely ides:
first clocki ngicM8hdténsdeéprbsbritéd sequisitlailyed sédtinsfS, 'Sz .. Sppehcis sxetion, dompdsingt 0 t he
second supply poi Rtcukeatsculefof providingagupply@oment Icsat afirstsupgyemintl docki ng val ue

di fferent 45 2{2e1)likeymlafity inplt trahstatcks regresentbdigaquehiially ds first transistorsQA i .n QBb ai m
11 char act er i 2mA}ahdasbétaid ttahsstdrs QB i ...61Bo ¢ {QBackaeh tuhsm’!albwmpaflllstflgwelﬁtrtm{imds
[err] in each fowelettoxe,[aed & dontaol eledtrode faenontealing tument transyriseion hqt\sqenﬂia@w

in section [ erthdfirftelectiodeacteing jointhyj supniied withla carent largely equgl o qument log the fifst aigctipdes 1f2
char act &fi zed dagh paisgt comespending transistees Qfy and [QBy (where ér‘s 9 @&""lgé"t‘EQ‘T@ °‘§‘£‘ﬁ%t°&§h°b|“l°
[err] and eaciroutriielogtmdes|sf each pairof trangjstors Md QB being &7 %';gé?gﬁ'ﬂ' A
circuit as | n sepf H'F%'?dﬁ:ﬁﬁﬁeg@f'&“?'?@'a"?“ﬁle‘f ﬂ%&thefﬁéf'ﬁ'l"g'ttheé’f’?(? PI the.seet

pa| r of corresy BHEHSH "‘t"P'éH'Pé’ E"L’EW‘ Sarel yrLher coppled
t fjrst LAY 1D l@ps I? f 3 .and
[grr] © r:ectS %"S" E?r a‘qﬁg)é""&""g"“m

t hat the first™e wn h %an% %tc%WsIJnglrfEr] ;ﬂn ﬁ&h’st%ﬁ@&do@rﬁ lihéa'résbedh@ne
largely the Sat einIsr. Bilis>atla sk tiockingViiusGnd 18EddGglihg e finst
t hrough the fiJSkee these nd p clockmﬁsignal is ata second clocking valde diffednt S
* secondgs! i NeSydnith , cirgivaigd) [err Wnen the clock signal Is at the first

cl ocking value are given as K K [err] 10 where 15 [err] is given as 1 when
transi st or f2rA éircilsasfiniCihisn 10 ohapavtbrized dnthat thedirst plegtrofiesiofeagh pair ofitrahsilors/GA; and QB;
gi ven as 0 whéenedchaertion S, are further coupled to the first supply point in section S, for 1 =i+j =M.

so 13. Acircuit as in Claim 12 characterized in that each end-zone bit D; for i < 1 is the same as bit Dygp4» @nd
each end-zone bit D; for i > M is the same as bit Dy y-

14. Acircuit as in Claim 11 characterized in that the first electrodes of each pair of corresponding transistors
QA and QB in each section S, are further coupled to the first supply point in section Sy for i+j<1, section
Sy for 1 = i+j =M, and section Sy;.y for i+j > M.

15. Acircuit as in Claim 14 characterized in that the first electrodes of transistors QA; and QB, in each section
S, have largely the same width wj; and the currents I and I flowing respectively through the first and
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S T

sistor [err] is fully on and transistor [err] is off. 20 10““

In Caim1l5 characterized in that epuys8psmBl stor is a bip I ,Hummgﬂm”"l
Pat ent anspr Cche 25 1. El ektroni sche Schal tung, die eine Ei nga Mgsdt ufe gurs
Li eferung von nir.en Bits

D1, D2 ... %"8'}4611 nes i ege "cgﬂ‘er%wpentti cfm%){]'iqaﬁsd%ts egirrfgag ?J'Eﬂmfﬁlrbg'te l;Naund wobel

die Oiginalbits zwi schen einemersten binaren Wert und ei nem zwei ten
bi naren Wert als Funktion einerganz- zahl gen Vafiablen P so unschalten, dal

vvenn P quf einen beliebigen Yanfzza € tw DN Bereich von 30 O bis
(?gestel It ist, Jedes Bt D| c\ﬁob A& nd Rddi ende ganze zahl ist, im
|dealfall bei i > P den ei nen b| naren Wert und bei i 5 P den anderen

bi nAren Wert aufweist, pskennzeichnet durgh Fehlerkorrektur- mttel, die

f ol gendes enthalten Endz negy it el /4z ﬁw ng-vDD 2K bi naren

Endzonere Bits, die fortlaj[)ﬁjend (;IC:?'/ TtL) ﬂlq Dot %(d DML ... Dm+K
bezei chnet vvarden wobel K m ndestens gleich 1 st; 35

Summ ernittel whee Er zeugung von M Zwi schensignal en, die fortlaufend als
Signale El, E2 ... EM bezei chnet werden, wobel jedes Signal El so erzeugt
wird, dal es Imwesentlichen entsprechep | ner gewi chteten anal ogen

Sunmi er thg der 2K+1 Bits DP K ... Dhy. =.%W arilert; und Verglelchsmttel
zur Lieferung von M korrigi erten b| nareh Bits, die fortlaufend als Bits B1,
B2 ... BM bezej chnet wer den

EMeweils mit 'ﬁﬁ%ﬁ“&fgﬁ %‘gfﬂ?'ﬂtmﬂs' r?)% '%er’fﬁ% g ow'ﬁgltrgn F1,
F2 ... EM bez@& Pﬁlg és Bit Bl mt e| nem der b| naren V\érte
prb—/ uZf erkwdéﬂwu\éﬁmfcldﬂﬁ%o‘ﬁhﬂ&a%zeﬁhttﬂféaai?trranbi&bns?d Gipothpansisgnal F1, und

m tdem anderen biniren Wert produziert wird, wenn das Signal El Ideiner ist
als das Signal FI. 2. Schal tung nach Anspruch 1, wobeijedes Originalbit im
| deai fal | bedterdtatspiichen ersten bi naren Wert aufvvei st 45 und bell > P
den zweigen biniren Wert aufweist, dadurch aekennzeichnet, dal jedes
Endzonenbi t4.D Enktrorische Schaltufig, dié siaxEingangssiufe ir Lieferung vowM bmimpris@?lbns epthi, die fort-
auf - el nen zwelidutand lalsrBits €, Wyr. Dy fbezsichust werden, wobel M mindestons glaigh A dsbHind yeopai dien

1, dadurch gemmus@hmnei@mqqt@@@yewwmmmﬂenemﬁre"‘s alg 'aﬁ?\'t?ﬁ "ge-
setzt wird, dizehliger Vardbien P@M‘@BW&B Bﬁ!‘fl? PHgqnzza 193"
des norrmal en g™ eipgestaljsh jedesiBit D, wobeu'a§ 9EFZ oty ish | lr Z“ °'"°"

Schal t ung nacibiniea é'PF'le“ﬂdﬁdﬂ'r%‘ﬁe"%{b‘ﬂ'@Fﬁ'? é't’ » gekgnnzelchget ’f"& hﬁ"?'@?ﬂ‘g'lr
G uppe von 2K-mitta; efplggades enthgijen: 5 %ﬂ &ufg'qﬁlﬁﬁaﬁ EBBQB

ungef ahr gl ei ch  g&Rf ttelzup,tjefer gvgn}b

U Ly %%5”% e it e
Konpl enent e d:?% "t‘a u S |l<+1 Bi I’I|-_I, ;,me nd §chal tung r?z'a‘(e:rh
Anspruch 5, woBe! \}eg fe ﬂ.lrﬂ&mﬂ vol kbrﬂﬁl*rﬁfﬁﬁu rér us,bﬁ’eforlla@nﬁ) al§ Bif¥H), B3 1. S8,eN
bi naren \\ert lh%zelchn en> dufchdémy |chderS|gnaIe E1. E; ... Ey Jeweils mit M Whitehen Slighaldn, diéfoit |

1 D01 4nd babyrdndBls B:gﬁél&lﬁ, FZV\B)| BeBichRdt WeRiER) welbd fodes Bt BRMICHinem@abinarh Werte pro-
sekennzel chnet guzigkegird, Wéht Sas Siid G yRonbr 1t athasls@hal F,, 6hdimitalech arlerae bindrsrWertprddiziert en

Vert und bei iwir, Winauds SgnaicE)kiciveist sy uabBigaal BN \\ert festgel egt ist. 7.
Schal tung nach Anspruch 5, dadurch gekennzei chnet, daB jedes Endzonenbit Dl

bei | 1 den?BiSchallnaaciEAnspruch 1, wabpidedes Qriginalbitmddealiel @‘iﬁl@g"'ﬁm&'ﬂﬁﬁ%’%"wﬁbel

| > M deg Bi t Dbl inPidanzwpiten biniren wmwag;mﬂ(_mgmc %Fa’% erppit D; bei

aekennzel chnet"1(?&?"!9FE’SBFP'§5’?']1W%‘B‘€P°'@ M siteingp Fwelten bindren Werlfgsigelagtist. © oy ¢

und ihre Kogpl gnent ; AR Gh n e?'dq k BI40f i QJP-{] o
Erp na EA gr%glgf adurch o8 ; ﬁs&m rllgf neBUﬂlggsfp ngg

gl ei ch geAw” Ch§ w, j riodtnalen Betnebsdurch
aekennzei chnetda g 1Bl tel M S&thonen
TS |

enthal tef®, die au an aI s "Sektionen 81, S2 ... SM bezei chnet vverden,

wobel jede Sek$dnaitungnach AsPrREIHE sadarch dekbrinzeichnet, dak die Bits in jeder Gruppe von 2K+1 Bits Dy i ...
D; ... Duk bel der Erzeugung des Signals E; ungeféhr gleich gewichtet sind.

5. Schaltung nach Anspruch 1, dadurch gekennzeichnet, daR das Summiermittel jedes Signal F, so erzeugt,
&5 daR es im wesentlichen gem#B einer gewichteten analogen Summierung der Komplemente der 2K+1 Bits
Dik .. D... D|+|( variiert.

6. Schaltung nach Anspruch 5, wobei jedes Originalbit D, im Idealfall bei i = P einen ersten binéren Wert
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wobel den egst Riglace r iarHbibmak iFlWiddketand 88
wesent | i che{nosdﬁﬁ?l@f&gﬂ pt gL ﬁké?chﬁit daFr]eeaée!‘;?@%en El ekt roden je- des
ent spr ecshenqie rschél@ngnach Aispract Eﬂ_@uﬁﬁmj duB kel Sufnthieind NerbleicsmitteglM weitge-
Ganzzahl !st) HahdiGénBstheiSekiichen enttalten, die forbaufenid als Saktiahen SoBrei Suhiezeichnet werden, wobei
St buer el ekt r odeds Sektide S, fdgendssiesthit paar es QA, und Bl jeweils auf das Bit
DI +J res- gl eren, Stromiquatidomt Lieferengxias Varssrguiisstirames liean einen efstep ¥ersorguagepinkt or en
berei ne erste Le|2(2l$ng) Eingdnasiransistoreh mitgleicherRolarigtidipforiayfend gisiersiaransisipren Qe
O ber ai¥ie zweRAoo- Raiund igFwaiteTrinpigtorereB. ve?%uﬂ?ePPzS'FW&“EPT'%JE%T’?HSF '“az
Uef erung des Birste Lekungspleltradg eing ﬁw%l%f'-e'Hﬁ“&seB &I“Bd E!‘e
ei nem ersten Lﬁt@n@hmwwse@nd E'e ' sam

S h tt |ei'§t |I hende wgg en e.
ey "%v@b i T i
die auf ein Tati{'f' '@%tlobl e%é% orpe ub te

R

ersten und de )ﬁg& ﬁﬂmg §ihgna e| nen
ersten Takt Wer rlﬁlali‘gr |t§ BEA ﬁéaﬁtldrl'a ZIU\@.'UE@F.,W o DeinBin
dem zvei ten VeJrthQn{ '39@&? n ﬂbte\ﬁﬁfn 'zUéLﬁﬁlrt wéfBH) uﬂﬁb’?dlg chorghitdl eirfth B@dien Ver-
zvei t en gakt wegohoufdd .mzam rifBhgeh U6s VeraiGurRbdHoME zuf Blidichrukg déB BIEY B} 6MRitéletnd 50
12. Schal t ung nachschgiitel! 8ib auk din TakEHEI Feagigren; Gin Bid SisRIDEW: bweite Batus it damistan und
El ekt roden | adfsmzweitsn Rhéidnpiirkikaasrbitder}weni dad TdidEjgnal Bingn@esten Téldkeri aoiwelst, und @m das
weiteren mt d@éersts Ghddle 2RISR GHg MRS BWditeh Versdejungspunkinzu Séidbinden wannaldas Tektsighal
wenn | 5-i+j Deidn z@&iten Taktweti@lifivbikt ideg sichavoin ersten (Faktvednt uﬁ@rscmbudw ch
aekennzefchnet. daB jedes Endzonenbit D beli i~ dem Blt DN1*M entspri cht,
und dal B j e82sSqsiturg neashi Anspiucty i, jdaduraty_gekenmasichnety day dig: erstep - Fipkt I:: Jedes
Schal tung nachTrausesreneses O und Q8 it leder SektienTindaa WelterRaMIt dea prstgh Fersorgpgspun in Sek-
El ekt r oden Jed'@gsewffaw}de'bﬂ%m1f4ﬂ=“EP 0 328 215 Bl

1 s5 13. Mhaltuﬁg nach Anspruch 12, dadurch gekennzeichnet, daB jedes Endzonenbit D; beii < 1 dem Bit Dy
entspricht, und daB jedes Endzonenbit D; bei | > M dem Bit Dy, i entspricht.

14. Schaltung nach Anspruch 11, dadurch gekennzeichnet, daf die ersten Elektroden jedes entsprechenden
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Transi storpaares QA und QBj in jederSektion Sl desweibtren n” mlusﬂﬂgllulllll
Ver sorgungspunkt in Sektlion SkM begpdgebasel, | N Sekt bon SI.

Mund in Sektion Si*mbei i+J > Mverbunden sind. 15. Schaltung nach

Anspruch 14, §Rdur ch oeéﬁw nmstggm H‘)ﬁ Emsgkﬂm

Transi st oren

gl ei che Brait &*Y eiaiﬂfwtﬂ Sektien B da§ lgtr “‘%Pﬁrtm‘ﬂl’\g@'f urch di e

ersat bezi egu egmﬁ'.t ghBcHinGsHich A, Qaduddhi Bﬁanhﬂicﬁdéﬂﬁadd‘b dre6temiekfiodeh derTrabbistron @/&en,

venn das; Takt shds)in jsbRNSEkcH S;i WeskithRén diegidiohe Bolte waliwbisenupe bk tiecitaSme Ighind

(1 GSLLWI)™ T. K_ g, \bleldlirch-dié erste bazieh(riSvigisdléurth tiv\bielte LeifdhgHel jeliGr Sektion SyftidBen, waiin dher

Summe L'$.. KThlisighaldaperstemnTakiwieyt ayfwelstssich egelsatags Wi rd, wenn der Transi stor

QA] eingeschaltot und der Transistoln<®BdwadsgewPhal tet !st, und D+ als O

gesetzt wird, wenn Transistor QBj igdaameanal wdt -nd) TranS|stor QA

ausgeschal t et WJobdi wy déd suming' B[ W)EhtdpASHE DARRDI désdizt Wird, wlitlder TriinsiRfok QA RIGasciuett |

daS j eder Tr ana &dr Pandktd? QB| d&&deadh Eiatnﬁtdsmfuls 0 Gdsetzt Wird, R@vETiaNsRRY bqrcmgéschamet

Clrcuit el ect adiransRtorQARGIgbsedItetust. €t age d' entree pour fournir Mbits

bi nai res origi naux representes s6- 20 qguentiell enent comre bits Di, D2
DM 00 16 Sihaltung naeh Ansprechdb, dadurch gekeanzeichngt, dafy igqehmﬁ@bﬂ?r’é't’%tméﬂi‘?’é“ des

prem breset deuxienme vaieurs binaires en fonction d' une variable entiire P

de fagon qua si P ost ms A une valeur entlire particuliire conprise dans

une gamre dRqvamdicatlong A M chaque bit Di, Oiw etant un antler courant, soit

W al ement A | une des val eurs binaires v

bi oul Cirsuitiélectzanique. ‘Bzﬂagﬁ %@yﬂ‘ﬁ@" ﬁ%é%?% °"ﬂlﬁ,$f( O%ﬁ%%mtés :é'

Cogﬂﬁort t- uentiellement comi na%‘rese b Tns ;—gﬁ%&nﬁg

. . (-] val ||

bi nai res de égj%,.‘;'t'f'ﬁ’gf’% : °h ar 'gstn &3 uanmgggwmsqu s..@etamun

K+l...Do et n roo |t| ofertt n@iﬁe&@eﬂéb A raltiON/AIBS bR PG &I S

pour engendre ﬁﬁﬁﬂ hibrSddrRly ﬁﬁ@ﬁﬁs sequentiel |l ement come
si gnaux 1, E de: QUI?efﬁthg folirnir 2K BiAbin@iiE3AB 248 fikkie reftEsRNtes sd@dntiehe-

sensi bl ement wn%mueeutéemmle@ﬂma /.06 Kb aPReIRgg@R 1dles 2K+1 bits Di. K

D ... D +a; eldesdhoyens sommateurs pdthPéngsidier MSighdul TnteinisalalidsTeppsabnitssiséquentieflenteht
bi ts bi nai res G bighetix E£BS £ B RhdqGie SEHILE Stirit Bhdendi e fagh rnariehsehaibidihenB@ion une
BM on conpar aiginmhiin afdidgigtelpondstse de 2K+1 bitdh(.eBnedidietenent avec M autres
Si gnaux sepr esent ess moypdE Bdmpalateanspair faupnimid bits binanes cdfrigés Feprésentés Skquentieliament
bit Bi itant fcommabitses,| BunBy, eeeomparamtiassighdun &i, Eps Egirespastivomgntayeci autreq signaux
superieur au gemémahtésdbauntielerhéntestnme sigasur Bis Fi Fraichaguedhit B dant fournih 'upg deg ygleurs
Cinférieur au dtingiressi BlsignaB§ est suirieur e signsklf: 9ha Faptre valeurkinairat! jesional Ei estipérieredi o
chaque bit orisignidi. DI eat | deal enent A | a prem i bre val eur bi- naire pour

| %P et¥A la d b
e SR SR R

| et ala deu%gﬁ%"“
b al r|<1et de lém al
revendi cation 2° 'aéracf [°Se®en ceI uo que si al " F est regl e A une

tension de § efammene%sa.&@m Jcaragériegén eemercﬁmss@ammgaa upGendich dsistrente El
pendant e formrbﬁa&aaai%xtmteumeépar@ digheli B péaadnomfdneuonmmdomtl on 1,
caracterise en ce qu' au bit de chaque groups de 2K+l bits Di

DRK sont dofne@ircuitesion i rexendicaien 1, paracibriadan e qver@tdeehqqaegemﬁa%'f*aﬁ“ﬂ?ﬂs-r'ama|
El. 45 C rCLPMS%FW”‘&SP@MPE@E?Q?H"'E’s"tﬁrgé'@f%'f"?@‘e‘ #Ece qua I's noyen
Someat eujs e ge dr en§' onaq tgigéinac(\é e fi ﬁ&rm: g?talFon
une sommat | § ik &@? e defaitier et E&e%&ﬁmﬁn i%& ts fes2ks1 Dl
... D +K 6. O revendi catl on ans esque chaque bit
original D ea Ib'l‘al erreﬁ'f Ala premere val eur bi- 50 naire pour i 5
P et a | a deuxtirukselbnldrtiendidahich 5, Ganp Rbjiel ¢hague Bit orymaldd; st Wésldmeet |& prerojtre valéua bjti e
bit de z#®ne fi mirb poubi= et I detodsn@ vhieur pinaiipeur &> B edraxtirisdenca quechgue bit de zenefinale g
| a deuxi | me vabestfixda lapremidrealenr binaire paur i .1 et}laclmémadlmblherem'ehui cat i on 5
caracterise en coe qua chaque bit de zone finale DI pour <

quo |'s bit DNMHrcuisselonja revendicationSneametoriasien cojue shaque tf"idﬁéﬂ"éf'ﬁ'e
le mime guo | eaysile bithye atjen caaus chagyq bitde zone fingie,Dipaur | 2 ¥ et i 'B%{'E 't DNFM

car act i e 4oy Sl treliobiodien & 80UEOEHRG B arsequbtme@sw bt Dy D..

Dy.x ot & leurs compléments sont donnés des poids & peu prés égaux lors de la génération des signaux
E et F.
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DI +K et *A | aurs conpl ements sont donnes des poids A peu pri Emm“tml"llmmlllﬂl"l
|l a giniratlon des signaux El et Fl.gplgps2s21581 0 328 215 Si
9. Grcuit solon la revendication 5, caracterisi en ce que | e foyéns® S

tb
sommatbur s ¢ m,fm&ﬁ; RSBORRTE sl in il a%ggﬁ%fagpg%ggmﬁs

une source de ur fournlr un courant d al i ment ation

des prenier et e'dﬁfd&%&J&Gﬁﬁt%&ﬂfcﬁmﬂuﬁéﬁuhﬁﬂldﬂh&ﬁ&iﬂﬁ@Qt chacun une prem ire
6l ectrode de cou- gidmiersf\@duslithbtransiEtors et PRASenthft chsuh dridlprediidrelslectrodendelcb® de
de gommands pQatt, ukdsHasMbBlectrale 6 dINGRTEERb SlEttOd d6 Oohintnte policoimander ttaasrhissibd e S
de courant, | e courdtdntrsled Blocoduids adlifmt, lEpaieroatbds suntcoupléed dnars elias &itn goe-e-
mier point d' ahiérpoiftidalimentation; éhacina esdemistessiéctrates éeiteapibeiipe difdrerte dunapdiee A
| " une differerfeqodldéine pai re de noeuds; 10 2K+1 paires de

prem er @t deuxi emﬁaﬁsmlabmmdfetdquxleimﬁémenlgldmnmmemeteatr@mtédtfﬂqme Ppﬂ'@nﬂ@r

el e- nment d'i meEstitimpiianse étatt couplép b Edlectrode'de bammandsciy Pml%wwedﬁfé
transistor, urewe deuxiprmediénentitimpddance gl couplés B filestredenifaommagdy

coupl ee A ' el destautpexigimitéadephenye para ddémentedimpédanceseceyagt difisreniellement, Pé@fé“"t
extrenites de denaifpl ity o DuiiIptiavansersiosagede bl paupsngengper le bit B, en réaction aux

di ffererfiel | Sighax & “nFH:mf?tV%?%fP“’ﬂ'ég“"ZI@ S4Jp4 MOYPRS smk‘ag ya"t un dpyxipme poJal
moyens de st odleigenti l’ﬂf P cqu @'g;])% p"d"g'l? oﬂf%eco%ﬁem% {"85 9,

ens

signaux El et F1 rd%’ﬁ N urp

ayant un deuxi'BREWYR ’ﬁa"éﬂ'? E%’ge Bour recevoir le courant
ike ment at {greidideioh @ revbRAickin ©, Ghhciids oRde dile chidBie SIBNEANBIMPSUETDe eatiuRe isSistaride.,

en

actfon A Un si gnhal d' horloge commutent |e courant 48 entre | es premer
et deuxi emettpCiniitseldh @ révangithtivh 5, caractiiiss er @.quéies woyens somataurs et coranaEtRYIsEAMPAsN
9, caract sri seentM pertiexyiistinates aensiblembrd identiqued; remdsentéas séquentiellepart parées partiesfo Sz 11 .
Clrcuit sel on Svachaeuepadie Sccoinpanta®: car act srise en co quo | es noyens
sonmmat ougs et oonwaqmmﬂeyowwwmm@mwm dialimeptation ﬁ'ﬁ@?@?"@éﬁ%ﬁ“ﬂ?@ﬁ@f‘n

i denti ques, repr dPQtNémen tréeéﬂemémm'a" P"?SUQ %“PW*'@'?“‘SP"”’@Z P@mg"séﬁglq ue
partie Sl compstaref x-S °"'°Sd°""’°'ﬂ Uupﬁ'ﬁ Pﬂfﬁ“ﬁ p
cour ant d' al | meHee Alemigre gecitods de pou mance
transistors d' ’@H’t‘?@@a "ﬁf'ﬁ'l‘?"“-‘? 'i’ﬁ ?Fm?t 5% °§ Elf; éQ&EdI:es
preni er ssot ran- "pa'

cour ant, une % ,equﬁgggﬁm,e
s
pour COnmfmde| f HuTes{?ﬁLnEtﬁrs ﬁﬁt pﬁG&JnQQ\%%éiﬁe ,
les premnisres ro es e ant al I ment ees en commun par un courant
sonsi bl effent egal o%ymsﬁwmr&oc o pouP SngBridPdr ieDit € 5en PéaBtich LOKRPaELE, &IFRespEctiRIchE
de transi st or SpgRi Ak premide Bbux mﬁhdsﬁgl&m 643 dOshodkige phéSentit un dbuxidMel paii alineh-ant
coupl I es ent retaﬂﬂnb&ﬁreobﬁﬁle&;bﬁﬁ{tﬂﬂmﬁtaﬁkapﬁﬁrlmwhgedemmaque pai re de

transi stors QA% etdeSdpyehdevfintutatedis qoli érfréactioni s unlsigeahethériogeisdovent A xbupler Ids peemiére
dews eneg el ecétaasione liynss raspectivenient dux pravipict dausidrad rmedds boays lesgasthodege ke @ tneune
preni ire | i gnepreisre esleutidbociogeat 3 caipleies pomhitne ef deuxidme lidnbsaugienddme ppintidiglimentation t
coupl ees ensenibisque/e signg dbestrgmerta yrie-de@dme valeur ghasioge; différante daria preraidrs vaieuk dslo-
pour engendrergée bit Bl en reaction aux s| gnaux EI et F, respectivenent

K... KBO. q?ﬁ‘ %%a &m m:%} dg nsiJlB nt tﬂﬁi’él“eﬁ\fﬁarﬁm@
£C

fournis aux rom eret deu rre noou ens tocka Lgssn&eat% un
douxi sma«spm %?f‘é‘\?ﬂﬁ"’r r(m @s ﬁl hgq% G hs

core couplé alime ?
pour le stock S cor’rﬁu?saat ur's I'on un
signal d' horlo °s‘erva F A coupl er Ies prsmere 40 et deUX| bme |ignes

respect i vengfit ciglikseldh Rifavehdicationd 8, exraétérits 6B dGkSchhdub bifHéeRorleFinglé Dy PéUr i < datlé nErfee
est A une pr en&deﬂﬁ:mmwende Gudrcha@e bitde zénerinelp DRyourd ie ™ qsrlemem quedd bitbjLx i bne
i gnes a¥® deuxiene point d' alinentation Iors ue le signal d horloge est A

une deuxi end4.v@ircuiselor latermendingtion 14icametérispensegue P%’ iQrof desdeshraue|pair e tran-
sistors correspondants QA et QB, de chaque partie S, sont encore couplées au premier point d’alimen-

tation de la partie S,y pour i+j < 1, de la partie Sy pour 1 = i+j = M et de |a partie Sy;m pour i >M

55 15. Circuit selon la revendication 14, caractérisé en ce que les premiéres électrodes des transistors QA et
QB de chaque partie S; ont sensiblement la méme largeur w, et en ce que les courants I, et I traversant
respectivement les premiére et deuxiéme lignes de chaque partie S, lorsque le signal d’horloge est 2 la
premiére valeur d’horloge, sont donnés par
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e

ge." 45 *12. Circuit solon la revendication |11, caractirise e” ,mm"l
prem bres el ectrodes de chaque pai rEPaisest2asBt sistors QA et mH”m
. partle SI sont encore coupl ees au prem er point d'alinent atloh de la ™
section Sl +J pour | 5i+J 5 M 13. ;gwmselgﬁ | a revendication 12,

j .
caractiri sA en co quo chaque bit d.e l)oour i <1 est le nmene

quo le bit DNMtl, & en ce juo c one "4 nal e DI ougwagestl\/ho_
egreme! ;;%coE %@ E‘%Tle H)A,?st blogué.

l'e mene que | SO ‘"l'
aque palrs

caracterj se erf® gén%ﬂf ﬁgggo r'sgf‘ﬁ'% §'St8'i
Si S{Ors Cor {g<giedidaioh @ réverdication 45} cardReriah ridsQui Sakuletramdistdr st lun ﬁé}ﬁﬁfoﬁbm‘oﬁﬂ&' i es

au premer point d alinmen- tation de la partie SIJ+Mpour i+]J < 1, de la
partle S~ pour 1 5i+ 5 Met de la partie Sl + Mpour i+J > M 55 15.
Circuit solon la revendlcation 14, caractirise en co quo |les prenieres

M ectrodes des transistors QA et (B} de chaque partle S ont sensibl enent
la mme |argeurw et en co quo les courants IEl et IF, traversant
respectivenment lea premlere et deuxilne |lignes de chaque partle Sl |orsque
| e signal d horloge est Ala premere velour d' horloge, sont donnes par 16
EP O 328 215 B1 [ Uil 11 PIMIT
DL 11’8 11111 Mi i TEl (ICSIW)y VJ. -KwD, . JIFI#(ICSIW)Z=-K
WK1 - DI.P ob W = ZK1J KW, Drn = 1 lorsque le transistor QA eat

enti brement conducteur et le transistor QB ast blo- que, et DIJ est ogal &
O lorsque le transistor Bj est entibrenment conducteur et | transistor QA
est blogy6. 16. Crcuit selon |a ravendication 15, caracterish en ce qua
chaete transistor est un transistor bipolaire. '10 15 20 25 30 35 40 45 50
55 17
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