PATENT SPECI FI CATI ON (11) 1 569 385 (21) Application No 30714/ 77 (22)
Filed 21. July 1977 (31) Convention Application No. 719550 (32) Filed 1

Sept. 1976 in (33) United States of anmerica (US) (44) Conplete

Speci fication published 11 June 1980 - (51) INT [err] HO3K 13/02 (52) @

| ndex at acceptance H3H - 13D 14A 14B 14D 6A 6D 7B 7F 7G 8B 8D BC (72)
| nventors JAVES' EVERETT COCOPER, Jr. and ROBERT CHARLES HUNTI NGTON (54) .
DI G TAL TO ANALOG CONVERTER (71) W, MOTOROLA, INC., ‘a Therefore, a ‘need
exists for a D/A converter a cor poratlon or gani.sed and exi sting under

e it et LopRTHAE SPECIEICATION ' o eud' o 1&@? %35

of 1303 I:T&/AgomquphcaMmaﬂWW nef2AbFied Bukely WTEyst em coul d 5 _

Schaunburg; | (3pConeotiaGA prllipitioeNo. BWSSbri cated on a -si ngb)e
requires Stat ($2) Aitet | 8ept. 1976 imer eby .. decl'are the no 'trimi. a7
and cost coul ¢ be33) iniet States bbAmvdmathS)Ne pray that a.patent - Y.
mai nt ai nkng_ s¥Bt ¢#) AoowletecSpecitiGBionayblished 1d rJumet B80to us, and t

Anot her cr | Jt'&l (momwmmxhyopruor art which it is to.bg}\
to be . |s el at eqs?) dndekhat acekparent - |naccuraC| es of 10 partlcu_
described in and: IH3H t13® 148pBiBat4DUGRbDABEIE 7G 8BSD Bie of f se
fol | owi-ng stat ermﬂm Inventors JAMES EVERETT CO@PEBRcIragml] wi t h' t he opera
anplifier This invention rROBERT GHARLES HUNHNGIAN og producé errors in

these systens. which nust 60 (D\AiGiPRY ST KNALBGICORVERPEK i cul arly-to  be
conpensated therefor. Typi call'y, the | adderl ess D/ A-converters suitable to
be prior art-incl@nes we,ecmofromomdj INCj, ng IBlerefcabramemesdtslfmalﬁmgbnvbmrc

formon a single ghgeggaf atgsnited. ? Quitine uBdsr o T M heregRiTSs qch mgg B
cecmal ooy " * S B b TR e e ion <
field is repl et e Riad f‘schﬁﬂﬂlﬁﬁg}l Imﬁms Be196)T UsiRH S lﬁ faKrf&@tediBii) Isﬁlglel’cﬁlp an® Pequires
appl i cati-ons f.or Sta{tdsAofobxmwa,td;r hérytat dnigre fhor nﬂh@mgcﬁmmlasd §ast comlgibe

h ¢ _
i ncrease?not onl n"é?{}&% E“’ ﬁhu,g(:"% @F‘t ?hP elmyreffecd Wil mayaini ﬂ;ln%:f%‘ei‘? G t¥He
cost of the pri ony it forrﬂﬁ %galls réldtkd %o tHeinfdrém GhddBura %tt\ﬁ’een
Mor eover t h&gse paﬂﬁﬁlmy t desibed efpuiane by cthe rapemi&mt ampliffetd. The offetrpeltagess

and con&tant adifs V%‘rftateﬂtegtlﬂm ntlaj s emas ﬂgjdfﬁgﬁ’e:é‘g%? ﬂgﬁ‘?fea
time analog a_cc "an et:sn(j:' 5 éﬁl !i thex?éggv by

inputs. DIA con ﬂ!ﬂ&ﬁs§m9c e'iﬁrs utEb161 6 e f qrnosua BMoRi@esS | fEcisoN Ndlistirig

required-i i appl ifcsicated in mmlehnamgrm o:ypemglfe vmedtsn movﬁﬂeAzeromgvefr tth;r '
havi ng sel f."25. - ¢higi ‘F%ﬁ? i é@ p caused I}ﬁiu_l ?Petl:a !h aryphnm
of f set, conpensat i,ghie NS b TR oY ﬁ&iyst ;J&%B&mismheﬁﬂ £18 roton

sel f-correction | exanfsle; QYA d:dﬁ rd My Btltuﬁvdt as  the size but the cost of the prior art systems
each conversi2én petghstab, uniths tfl\hct ~ letweenl5 M’BEFPV“C eenye efs,D/fmum

converfer Lemerdiin e ,;% S S e FoSipRocny
are of ‘the discr %ﬁage £ DAV vaart EeéilUCa%oCQﬁé neddﬂ&c‘sﬁkﬂﬁ'@chﬁ&coﬁﬂjoné
and corrprl ses: rragirsd invappli¢atidabevhereckrytypeadfe m dmzee!d Df/@r caypertent maving - self E
attention, terdi réigitelnumbep(Bed), bipary, aﬁa)m@rggv l?“mﬁ o o8 gﬁgg%’éhsg "qf

bei ng fabrl caft ed. 0§ e °%m€‘1 i%i %orrrsesmfﬂg%e ﬁp suet teo'cv ecﬁﬂ

chip to further re ﬁte dohempomas; |, B Dkdhvamvetem@afratumfchaﬁgek Btmhmhz;ed] sarc a
si ze andp t her, gofsysthI avaifablgtoday -aze of We sﬁb’% weyld gedu EQ é pst, é’@gquracth

resistive |addlr s ik .?LWB%@V%KS‘“‘%%& /¢ mﬁ@&ﬁf%ﬁ”ﬁﬁfd Eaﬁé'a? “°“

typically. i's fabranpitieds] THeseAcobonents sl mgh a HgleC Qhip tou$drﬂ@r e ﬂi@
whi ch di §fused r elyﬁsstomvestemof tdlatively ildrgn sizeemids t thersof, allpd whigh aﬂeyqyﬁe&;tumo

drain to redugg E?é&!‘ f %ﬁ Y pdg pﬁett"?fése}wgfﬁﬁt grst“iibr °§2’§(&% °°“1‘li“2§
requi remant S. d{qul::eg ::s1s%ors oF rO&Mc X ?éduéeo £ dif it of
t he (In - attenBecie thewedueawafthé eorive a%isvepmhea&r@fents e resi stors .rmeh

care i s defici erde?eéb' ‘v’iﬁ"m‘ %‘ﬂm@mls E;%f;thedlxﬁe et ﬁ 0. pwcomﬁ the eh
fabrication pheEhiy ?0‘@& Ho %ﬁnt Iv.m?yon & }J xg«v%‘ 'y,
however, the resigpRall, m;‘ﬁévethe ﬁtfoﬁmn tlbm rb@ét&ﬁ eliBates (Dd’r th a:dder

trimmed in val ue,triinfngd in n&m&nfm msngncé,algetasernetmk anémg?}pag{lmpam e%g?cra}t;gm Yy
A i

fabricated 90 ttF‘Wﬁ‘l‘ﬁg :
era iciencies: :

t echnol ogy. HQ‘é’E\%%fg:s%ehé ngﬁ%{'ﬁ@ sénﬁeaa s‘i}{mf%c&kﬁly, S Yms: G{Stem [d8es nokS stem .

suffers f rom SeveMéreovetle leclhdﬁeﬁlmeﬁuor makey nce:s:mpensaeampmaanffda voltigds~ of - thc .

undesi rous.. - Mostvirgialini fnnessiblg yto tfﬁir ate enmd%ﬂ?é Q%f?tl' “eamplifiers.¢ (ihese. . 95 .

| adder network fQREEEEon @ ﬁé’?ﬁ“@ e °<5‘f°fss"é{se Viea Jhsinpt digiral signal -

virtually inpossible to fabricate such i ncl uded operational -

anplifiers. These 95 converters on a single nDnollthlc Chlp errorS'arise

bet ween the input digital S|gnal -2

1,569, 385 I e 2 and the generation of the

out put anal og present [ nvent [ on— ther*e |s prow ded ‘a d| g| taI 5| gnal . I'n an

. .. o o ey

75

™

ﬂ




are required by the systemwhich, therefore, response to receiving 'either
positive or 5 tinme. limts the system Additionally, both negative
digital input signal characterized 70 positive and negative reference

- signal gen Htﬁn asal 1ta5t§l§tﬁ ItEHﬁlJ c&itl@ﬂﬁn UThe MYAScon @GR €

voltages are by; a control circuit for generating-sequence required to
provi de conversion of binary control signals in response.to the initiation
umpers of both polarities. To insure of a conversion cycle; a latch
S97) age circuit accuracy, ‘the system requisres that these adapted to
ei ve. dlgltal signals for- st or age 10 vol tages bé equal in. absolute
2t 41c thereimin resoonselﬂaégh,lnmtntlna signal 75 TS requires

~conpl: e%ndaﬂﬂ ééh&ﬁﬂ:&nl Gﬂmﬁo&l@&ut 2886y T Bdsenb V&t ek pioAddd adiéiﬁat rol- circuit
- suppl.i agxahhinc:tn amnmaee%ﬂomeml%e ofo tdnelog dcumvl%afdn psdduging td on - of\bhe

Coro TR LA SR R b FPuE L

 HSEPORNE 8L i res the

use - epahive dn chjtive référeite volCHgésade bylalcntial circuitfor & eraﬁf.gswuenwternal up- down

count ereqwmdcw pro ém;mafletswg of |hmr3easq 1 signald: in s seewshweltlau@? further.
. 1 T 1 i
i ner eag¥ine: f%hé by "’%ﬁf@é t‘féﬁ*‘sﬁa“ ‘iﬁi"ﬂ%‘! J’ e b, compdl [ng said
- si gipal $olta ' n absolte Chadnfluded. t meﬁéép% lﬁhlbltlﬂk §ij afi a5 gi.
.. si gnal This mqenleslcnmsbx and mcndnorsp el anplhe the@t@&;toﬁl ﬂud:ccmmrl tereuitihi ch ch.: cuit
‘to prowpﬂ'@s hlE‘bll t h r%aé’“‘%rﬂd ig. Qfl @nﬂﬁl ence vol't age
and P ,sr: E‘the usﬁ,oﬁ gae@’g'c‘ Spivy ‘provide
, anaisogoplah phﬁeﬁna@ oudten| Wiich n\éﬁﬁﬁg Sﬁllc r&résﬁbe snsgnal - 85

polari furfd;sr lnﬂascsrthmtelanmmﬂdhnd sdlsreal lgnalsandjfosaq xdaixeeds digital signal

dur | nguie B8 Eﬁfé‘% P?@@ﬁt:ﬁwﬁ'g}wm G s:z:Em P Con of said
. Conver Pes% aQin lléﬂé’emaft hSulseahﬁ ! whén @i 1deﬁ’d@ 1§-na| 0g out put
ci r-2oui Whiyh C@s, mﬂe \mahtgoommlweﬂhoeh obtano Wenaaxdcwkqﬂ digiabsignahg 8di-gi t al

said cmi@rrtl rfsﬁ% a%ﬂw%’ Lt g el dag 8?“2@“’ ; s‘ﬁﬂ?hﬁl*fl“@”rn bi nar_y form
and | sHIR FRANET Syl g, ol J&&?’%ﬂ"%r"% VLIPS 00 1o o

Si X- bi. toriverpedi scaaaamoﬁl Rb€iving digital MRl bértrol BirQ@T Hidl BGhgSaiapted € €r ence V‘OI t age
r eq?f r gretritumbéns in binary foomgueis hmetnd/eretcelve a dingle rpglatityereferamee vqitam vd0 said

gener af%ﬁrm}mﬁﬁ ,9? %@3" To &%r h’ ﬁ%’ §§ {.‘iﬁb‘iﬁn&% e st a_ essive .,
d' g' t ayhick Datfabtable 36 Sece ¥ I sigy als bog bi nary df
ar hldarytcodedaludlbmt be. eBICD b@ry af so_ d tars 3ﬁ>redadlgitabbnbml antbsi red code. In

=r desme Een C?Wéﬂc@% m prod E‘heréwlth ‘the
B

mbe%p&g rep rﬂﬂ?ve ogisﬂjlﬁoredv\‘mh sugn s. 'shoul d not

_| nput :ﬁ
be lmn‘tu xf:@tf @raw edalifids. | NPUT addepichAingt atdude chdnnélakdihpiagr ed di git al
Si gnal b&cpgrd@x@«e ¢ g8pgect rth&:qunabn T elagulttfqregnplmg and holdihg thawgluadf ng. a dual

chafhefhet W ° °m a prygn of i PRy ¢ for
sanpl i- t’“ P%q C rﬁ?ég&xd@ ﬁaﬁg W}éﬁ gﬂﬂfe@éﬁx for °“ﬁ“f:at us for
converbmmgry a ied tamedeive and groad a juerrerg’ eagn’a |rg epmdldtmngf eaamo bot h -

posi qiapsienal duing) & Bishnaafersien oucl o con said
ana gc%t:b&iﬁ% °“§’(°3“9.$J d?flléoﬂﬂigetn%cinﬁi no ‘”étﬂe ﬁ @Spro_\/_i di'ng

corrpenaﬁtehsm; b pain - digika Usighdly oeha ee fof. cboneetmgve pﬂt’e ‘an error
Si gnahlsd for eqmaatlmld at}mratn@smr@lmm lgg putput snmeit Tl!ﬂ Bial during a

f| r uringaa. s (ﬁ}ﬂ Put i hel udi ng -a
U e Ce e R SRR
: m)not omembdwyen pmqbamldg ¢unmmtrcm gd’nei’aﬂng irserpmmltdlenhmberskach ncreasi ng and

pr ogr e8dapted d‘i’ Feceive 3 gdingles - PQ% ‘leéﬁ"mP%TFd o the stored; “@P tal input and
o oo LT e A g L o G eGP SR sty
i ni ent Feinci demed of signdly with sgid | mludﬁfﬁ_gtlbeclwg’megm'ﬂdrto agxe to provide a.
f‘f’alaﬁﬁﬂsrﬁzs@%@? i S oL i Sl <o upon

coi Bgi déﬁﬁ%ngmﬂ Uit tatibl Ofefeddic h@re HBeng - iateehally Ofge e, and °
anal ogsigialibgihg tecrhingted tnrryspomne Bed i panide tnahe stzbregl Higital nlulirﬂ:er s which

adapt eeontiob pulse: being, | fOV’ded spid ginalog %/resw sheedeangrot-he st or ed
input QHAY “‘“j‘%a@‘f hiiog ug‘n;& -,ré/R? Ef HtfegPrasis n‘t“ht_ ratfﬁﬁt bsponse to
Coi ggi g8 velsion _ ahd@MBir ithhﬂ@de'&hﬁaltéﬁmnel plaﬁdwl IBircuit is

t her ebboldipgrthe tVIabelofplhb samecnmdtf ad:uute/sfor almplmgia énk!mtther@al said  digital

si gnal groviding self ‘50 @%‘fﬁ& 2 q’ BH\?%E}E}' lgﬁ' §|° coi nci dence of
sai d dgﬁlﬁ@iﬁ?ﬁiﬁh‘{éﬁ“a xunfv Huisatesble. | ?%%,‘af il bh ot ed 1o
. recgsve A&bﬂiﬁgd to Chinghéra lasprect] 8] the t Oolmg@dmmﬂsaannal algring <acigl €30r f erence

vol tage for ‘integrating signal which is representative of the stored the

sane while the - digital signals 55 digital signal, integration of said
reference are 'being internally generated and 120 si gnal being
termnated in response to said conpared to the stored di gi tal nunber

* control pulse being provided, said analog wuntil, in response to- the



ot herwi se m ght occur and to which prior strobe or start signal at the

I nput thereof. art converter systens suffer therefrom Sequence control
circuit_22 conprises the The invention will now be described by logic

control circuits for controlling thé 5  "*Way - of -‘exdnple only with

particular logic functions of /A converter 10. As will .70 reference to @

t he acconpanyi ng' draw ngs be exbl ained, . in response to applied control
wherein: = . - signals a control signal is
provided at the Fi gure | is a functlonal bl ock di agram of  out put of
sequence contr@ circuit. 22  via the DVA (of -t
i nvention; | eadcon3@siod @ycleSteIeﬁmtnme:Ir TS Wlﬁﬂdemrcuxtslﬁ wht:bds idhpted tane S
acircuit agra?ﬂlQIleS? Wégﬂtloﬁ@ﬁra"d ¥ ‘6 prigy)j ‘E‘ﬂ’ésOTéF sg@%rg
75 SUbSySte of % \?% ugefr ?::c dy loiuﬁggiUQﬁ b c“c fngct'h cuit.
23. A sign big, Eh Ure nipfe amlyr Wil oaRicalal nwgeaﬁndﬁgnmux onventérherAsavleg'DC )
1" or "0" is preﬁmmtedottbe tah@mmhm drgwings t lhe expldifedyin resp @tad;P'leé @!tr‘{bn

i nput of swi tch H l'%‘ér ci gkodcont rpl o‘ﬁ (%ﬂ %‘gﬁﬂlcg gyg'f té*-lﬁgure
2 during eagh tr]{vélﬂllr 109 3 Sdlecti rehd¥r n@le@t}é@'

of a conver on smmzlsacxrcult dn g’rtaé lifeat | ranalmg sRfichof dnthcreapén smbd d erds
24. 80 Prgure 4Sllbgf:amtqf tkenDfAg E) qn@f Eatti ng tlther é&“"h "PT I"“‘L‘ i ﬂﬁl%@o' ng
circuits:except I: glti!’reg1 }l)'%{lrt e ?ﬂ "iﬁu{, l put ﬁ)arwe‘? 1rkvﬁeZ3‘tiﬁ lcoftedi
subsystem 24 nay ihefin&:P bk R Fiire 2l d0aR cast bshes toefticalbr fcofigufatidis of buffer-
the input of .1Bf Atlmmg\cem efra ddhvemsibmstepie | at t e fintegr: elr'ercui&% gflmemsulz,smtqm 24, 80

di f . - Figy Qitrpth ta uits fo o
Iolg?gra?on?r o ﬁ,fj“{: yste %éé’lgfsff 'gnbg(gg lllm%) égé %;&ﬁﬁ{%% ttd%regr

3

85 providing sw t cdig |svmg cifcufy Ndikigiarh Ooft he combliikﬁggstbmanﬂdg Ialtpdtl thetebat ed '
as including 20w mlmebmof lcuzhe enmtrpl efippyitd gectﬁee;#sdmffprrlgtegra aﬁegp ll ear
subsystem 24 illustrated as _including

drlvm signals to 't
section 28 conpr Pgi‘ﬂ gle/htgld sgctlo f Fi sample/hold . section 28 comprising dual
channel's. Bufferain egra of Ion B 5 Ficgahin€ls.6 Bufferant&f o€ Réction 1261 80

di agram *ada; ted Rigure 6Ceiaveequensd riging quglrml tay amddtcﬁsecem Iausll!sltawl Ytﬂ@é
oper ation of 5heﬂi§ PF&HGP?!*‘“O@ en&%&“'a greple/hold er".‘;jov1 0 C&E'Fﬁ h“,_”x;fa is 9%9
section of the pf %Ji tagram ‘useful for p’gﬂt\f hdvahtag lfef;ﬁ’éséht mv@tﬁlo%

expl ai nedY Fi gur exp) a.mﬁg ahev pEﬁgéh %fagfeammusefhﬁ pifiarrart isnieat algkvfer eveilfagé he

present . i nvent i osubsysem e t!m i ng, t he oper at %nﬂeed)flott orqh an;lue ;Q gf

can be Just to 95
art is that t% re‘?%r%r ex%laWr} g%Pe %t'iﬂ?ggflgt m g{ .
VR, need not be g mere leﬂy, WUB@eﬁ)ldl&d&HCﬂrﬁed’r :
‘vol tage vvaveformFlgm eﬁt e:ﬂlmaﬂrawslt ?cu\larckdetaarlatbetl& djonwersiah ¢ycle f@H theef ul -
for explaini ng tﬁ%n s|g§ﬁhe- Qﬁ;—@a@égm d§§ mc 1ve ycles ##ﬁpﬁ% Fo0

and t i erdnbE Vollae W FeqURdd EveHUT €
9 Il lustrates fﬁ:ﬁ%&onﬁtqu&aﬁon detail - at er gﬁ@hwefsﬁed);?ahqgcdmmﬁ rmInagbhe

confi gurations of_ Redferifgfof Eigure hi! pastltbllstratndi m ayi| gﬁﬂl?r li‘tlt)'b é)e sasiga
out put conpri g (gs °° vare W/ ﬁd};yg;:%bﬁﬁ‘ﬁg“f e ?5 gﬁ‘"t frol tﬁr 105
distinctive c nol e% krate@ S Qeﬁ@ufaeea £t ifftegraor § e %A
converter of: simg tmlogiye edmv:emo 110 e:prns;-s r es mhthadheemi;wncmlt s:em;rated

i nvent | on. storage latch bank 12 h’T t Ebp %R}'ﬁ] .
ST R0 o ol e L et Sl S

. €., negat: | Ve~ OlunddrstoodaRtethé digitdl igfil s ¢b r ecirewit 12 BMEﬂieldbnversusteﬁ bumls The _
SI gn bit, either aeplkd)gmc D‘a@ﬂelopr A?nalhmltehth S V§tlil| %?;1) ‘&, whet ghe éltb? SE '
single "1™ sets i FoUIRECREECE gﬁﬁﬁﬁ " ondetiion chole i (HI0ktadal & ndlatch

i ntegrateg chisp Wriibr .0 afidcaill OF 12 IAHBIRA by B4 Rgibaing bulss Glall@d 265

t echnol ogy. DA (B;@D)(binmmuﬂ:ﬁbrmrmpy otheslesnsdtc 1821 frest semnqee(foetrelrmmmv@l sghe is

i nt egr at ed stora@&lmﬂa th B‘ﬁhi@“t%;%%ﬂte 1Psisgy dhﬁm nt‘ ta‘ pE:‘hé‘ mp% ‘Eﬁ%‘ "Eor
negative to’ provi ax%p ?ﬁﬁ%ﬁﬁgalsgéo&ﬁﬂm thg T’1s h nn red. .
derived - out pys P pﬁfldfycmﬂegl 8t for NinsthncdSa ss::guﬂ a)uﬁlﬂckyndhﬁmoﬁdmumla 18 tsh@20
sane. It is to beynchWGMGP@tqré clo&b memmpp resshig Z?fﬁt‘@a4 '!gh °V°flead

under stood that i t&? Lr%j)f‘é‘i(g Yod & 3¢L£Eii'rst %{héﬁ ?ﬁgﬁ&y&fsmn
st ep begi ns appl Id ghals Whit h@fa Q6d yrhettﬁle intéx alldfﬂﬁx tioN of tfie Be deriodhen
the strobe pulese thes storageviiomail d:y,itair alI amdhezf tho locking signal atayided rcdmkdé%ﬁ

to sequence cont mnotemr:@m ssesT ém ﬁ PReE s%%m ““ s) ?‘ngu’rﬁ‘m e in
the ‘conversiong Haéjdhé b 1am‘1§5 u%hé&) ok mOhibich! Ols  GHRBRI €

of binary coded (ieﬂie t tedminal NBY oatpltyfrem |daisla|b¢d, i) inpoas nfted smilogvérsord dwrihg 115
(B CD), bi nar y5nivie?Gis elso coupledtorsequetissonted the@“owmamt%werme%ﬁmk @) 130
circuit 22 such digital code. The output of latch 12 is ‘that the "digital
| nput nunber appearing coupled to. coincidence circuit or coincidently-
to the input of the bank of conparator 16 which'is also coupled to the

| atches is stored and cannot be altered. 55 output of counter 18, for
|nstance a Slnultaneously, synchronous counter 18 |s 120 synchronous

o o, o, . - o o




4 1, 569, 385

4. Upon termnation of cycle 1, a full- count. offsets of the
oneratlonal anplifiers are having been obtained, an output-pul se from
conpensat ed to elimnate "errors which - - counter 18 to sequence
copfrol circuit 22 is would otherwi se be produced thereby. generated which
r- gt s and agai n enabl es Figures 3 and 4 are truth tables 4 ndicating 5

fter 18 to begin cycle 2 of the the status of transm ssion gates or
' SI. 82 . ., S32

SWI tc‘pes 70.
- of " |+res -t & f 'e:@f f - le lﬁ . -at or the
timng Wge| %@m on- 2 Il cpgnt. qtsm 1°B°f _.Q!%é amp ea y nf | guration to
conver 1 SRR I °‘§%§§L %‘:;mm"gg; ‘gﬁ{,_'_ T R o G
r ef er epeRrated/ & ieh Zesefs il G mtbles S6, Fi 1eOndi ngvolt e [err]
Thi & a@w;zgg d8nta- rhmsﬁtmrﬂq L% tOﬁeilﬁebt}SEef %mua mfgé srgssmm gsg:p:i%n métcgézes 7re cl osed.
75 nu . r o o §42 of: F‘ﬁ%gst‘ . dependi ng on
whi chng ﬁ, rwﬂ&% ghT fﬁﬁpé%ﬁ % y t ﬁﬁ‘nmn @‘l,?m‘}m eI s isdn the
hol d minde;raalt ewtuniauy omvided chee?éncecwwdmtsmtcﬁbS& }Sﬁ,cswsm&nd 832 ¢ her

cha?ffhel""‘it |Vﬁ Hmh PQ§§:I¥I %pcg@ ferc Intkarpter s ng:d ca'ﬁs " the
mode, ggcf)a 'qu 1Fl whé h : :lﬁelj'ﬁ | g
I'nt egrabinlamean cir&x tplieduces F eUithe &ﬁeladhﬁmﬁ ﬁcm@ sdlsplay 80 final

vol t ag@oiac amcc edulsnt whwh hlcsusesol the gendde, . selech awxs:hss |of | sample/ablds a - sarrpl e of'

a Ié§| (;Pt é‘ﬁ‘: F“H{‘%) ?Qﬂl‘éﬂ‘ﬁolc&c 5?8@? ? dricve whi & may be
§ i luste k -
pr Ovi deknithrddSite WhpleiBiahbiRi G5 b bl alis o LA AR age ot

st at es'profde theheutput: ramlngmumut te&tesofofomﬁ utraﬁsmi@m:nahata4 of Thi's - out put

vol t&g ;Pﬁt tezmy (9“‘3’ g tGSP ing sampl t‘°n wn h

con %F iy 02 BT B o gt s QISR g5

‘termna As nﬁﬁtnoneﬁﬁ lﬁ.‘&ﬂﬂ&lbs B Oipulsy %hRh may be, for. example, derived Ter m nal
58 is akzise efdut Alr @m;ew g})@? A\dlepthevmouédnye prdsetis inifigteld remr] ‘need not be

a BB” {f’tm‘ihg}f‘ A olond | Eompar ?t gl’%ll:‘u then” gper at or  may

| e ik Honvetter Qnﬂt‘j'b Gitagap ﬁﬁlcﬂnént 61* plepcottl o8 oite vol t age
to any r;étuMde@dﬂﬁh@llWﬁ mntelr; tgpatt oggs{f b aaxté 6?: iThidsé tva:tmn eehcﬁvn(‘%fg 't he 25, '_

(wi thine SigY ﬂfE‘ sl w} %"'d & o"-“'lﬂ‘-@,t y ve 38t ep.

Si mypt %%5 ¥ that L Eanalog Duth At oItEE © Ok u‘geib g'am - t‘hgl pugs.in a

- conpl eneptodaded réﬂ?ts‘éntﬁ)blhﬁl&calevﬁﬁgd i Q: pidd t6 B0 count er 18 to

~ count We#%mx ﬁiﬂ% naﬂos 6Ar éoghdm;:\;asnalsoare fmbvgiiedcount '
Csimult ; ire Yl @i ve 56.

i nt agr %b&lgtel g&z{be& ‘l%fet‘%&t to 1m.. ers @Pﬁ%‘[ nﬁv tl‘lg‘é?a mlistl‘?& Iibotype fI ip
-fl ops aﬁﬁbaansdataérmxm 34‘blaemree$lwl ﬁum scmtxhatgehehae amiémgn fhialsuol t age  Qut puts
of . fll’g aglem‘ll ‘Zgrtlmt"'sa u@‘f fg'mt___ i‘g?s K led reﬁresents a full
scal o VLA RE MoV O s cactil SO IMIEAS R By st ng
[er |’4b hhékr'& sﬁeﬂi24mi) atett mdtoﬁvcﬁ:s fl iR Soiieiioh st@df e1¢y ovi ded
. magni t ggi@ysmm ﬂg;l‘ Vgé&rﬂffﬁgte 1‘| s‘»ddéﬂanalla!d Figire.0M. tnlimtrat;;t ptthbs of the

circui | é@ me? e Hﬁ"a@&% & UBVHPB i nverters 70

St Idtalit

and 72 ofoswﬁeuev% g, &5 an mssﬁl eS%e;eﬁ "ﬁf e s, e A By out put
vol 4sgerangidsion gass. sieciedactively mddaneuy the mgh cabm@raf Figs. 3Ja9&)4amme:&rng ngieat "t er m nal
34 becslnsed gen h{d?&wc FfP‘c‘L@%‘%f. a8 %wiand 9B, onqtqnt el s to
 scal e’ VHLEHGEC e ‘Eg‘a,h- tldp 13%%&?55 E r section- 26.
i nput dedy:bﬁa 8. nhl_. diticuld® cb ge 50t negative oﬁﬁv represent
t i mishg-dudeg thec threpudistingty cqu-SFefgeactz dt:ﬂeeemaed by 4 logigsSOY at B sighi kigr &tPs and

wavef orREFIRR ; Bl G CouQr intel Q&,@r fg-‘;g m F%g‘%ﬁﬁ%ﬁﬁ,tertaﬂet ail. Linear

~conver si on cycl e §é g_taneousl-y, to t he

HVCl'SlOll

di sti n%Ectno@Y@ ist9 fI) ti_o_nﬂ@.ﬂl nvers i ncl udi ng

buf f er -38 anda«gmmhm;atm xaphictioraiQ &€ he pquuicm onamlbl -huatcrraﬁtea willbt he secti-on 26

and 58a ﬁ%ﬁt g{ gfﬁf g@gﬂf@?ﬂlﬂ“ﬁ% cte Kl;}gn ;g%ﬂ athl_ oA %p?%ffneaﬂosubsyst em

consi st gh %‘g%?: s of the

t hree GM edrsior absistor . %M(RQ.hSSm d/hold Saper suc/h the or __'ﬁme ﬁﬁEm ned by the

swi t.ch sedtloeur’lﬂasml lllbtstmlled fncludi mansystessnsmna gmg@clapﬂhewmmmwe% render ed
by | ogi c

. 6p et and 0 A SIS, | b
hed SRR fre i o ey

sequencoeemmi‘arqoimlmmnc us4t f?aa ?oldgh a%gd bte%f;ﬁﬁﬁtes nﬁaéﬁtuggrﬁyt |wggrﬁ-] are used

for cy=el>9@1t° 2nile %ﬁ) S’i—:*’@e@ r Pgegrabod s |-@6hoFehcuttemiidi-ng. upon
whetSherciiR. 2 fouet Wﬁ s%"""Fn““Hg B 2r progieet 80 J0% ons -
voltage is to negatlve or positive: as 50 during -the three di stinct.
cycles of each determ ned by alogic."0"" or "1" sign bit, 115 conversion
step.: ' respectively. - The buffer portlon of

buf fer-integrator Referrlngtothe Fi gures, a first digital to section
26. con5| st s of operat | onal arrpl [ f ier anal 0og conversion cycl e -

o ~ o o . T 4



5 1, 569, 385
5 out ut pulse, CY3 and its conplenment, In brief sunmary of the above, it
is seen [err] which are applied to respectlve i nput that each channel of

sanpl e/ hold circuit 28 terminals 58~and“60™of .switch | ogic control sanples
during a predescribed cycle 3, circuit 56 (Figure 5) It is to be |
understood holds during. the. followng-cycles | and 2 5 that the' tinme [
duration of cycle 3 is and.is cortnected to the- output of the YA 70

mai nt ai ned subgt anti al Iy constant in th1¢559gg5nverter dur| ng the next thsgee
cycles. This pref T et Tt ve ot §3n
ol ernates for BB T sgcomomey | in o smatl 0 Do sy
such that one cheamfimhis 58 a 608f Switch lGQUB&rﬂfolV\lﬁu sl urigad| prelictcvibed endle t1) a
full: an out put srt?rttéﬁ\(\ﬁgdre SYieis ctltwem} eboldﬂdufm the .W}HMVQ!%E ﬁ. 70
cavses Lorm it Ml AP LTI Sl oCHNCATE %@ hEAUPESHRT Bl "
75 CY3 control spg s dlefhdRs $6r0the two
process. « The ci Mbumbhsﬁéh Byn umm n&e atuxiharhec o¢lesush tanhbneathanniehis ellwaysom of'

2 hold st ﬁféﬁ@@ﬁwﬁ?ﬁ :%t'it?‘.’t a“%’é?f: 35%‘}%05“ g

section. 28 are selt@atzu\mlreépoﬁs@toltt&cy Ie B@bntioR| iSertih Gachof stive btwAn Bt saxtipip Ut |
15 closed as i ndgmist @dtransﬂnmngat@stml,tsabl e., ofand Wtbltta allpws thi aysteth tbéettlat ed

Lhat an obufofs L TSIEIIASIIGIT, IS BT AL Va0
conf i gurati on” f lgureS § iack: AL QopQr GRErmGRATDEEnfigaFAIoAS for  some.
appl i cati onswoul dixahel 4BI arm m;,tfbr teimiubd Chre @b 0wpplicitions gould bOo: ehh'ﬂnatehhshold

condition, as s é tong (48 esb?i‘t"@é‘s P‘P‘nStﬂP ur e
R A

node and channel ok tusd isréoﬁhe it ekninal emtm‘e,qgn inGihatifig rm;uﬂép 56 an For
85 node and i s céhriet@gretdvr eoplifier llis disspimiectadl  'provi recb ortaletrtwnnapmn e Q

flip-flop 64 andfrem by plifien 3 W‘Fﬁ?lé‘i‘“’ﬂZ ap ?tt’f
di rect cénnecs oegt. fts@g?ﬁg‘t fsiad Ot é’f‘ﬁ%rrpl”% %“s‘; xut Qﬁ”jo I “’“_ %
and [err] . out puFiumf3 dnditie fidabyalE ftlﬁni-@zﬁqnectehmaateaosures of the svm tches -

of buffer inte ra!ctpﬂlstmmcetn@st VRS -
section 26 as |gl }giﬁ °?MF‘§%<9F zzglaﬁgig g%féﬁlgggﬁ%m thefib&gﬁay

woul d be . 903Fi gukte; 1@ .gm%,;,,haa.gb,v@,lomg lfterret %go %Q%theemrﬁ; pieeles
m‘faé

cycle 2 is. heldthedmmt efrstquancetcmmcnt 02, d‘het yg.&?g tﬁ“g i
channel 50 of’ CY3 h h t Y"B‘FL‘I riﬁ ﬂgrtaitmab&&fftm@i‘e 3.1Consideing T

and is sanpled by R o :,“ 03 _f egrg%lthe crg?ﬁrgé;gmpﬁgvmmutt ﬂﬁﬁ,@m

are sanpl e/ hobsl llmbtl"atw liy éiﬁ\er Flgure 9A or 9B "and- h
three cycles as Zipure 6, tha vlrﬂﬁrlm teil 4o coumeg 5 “r’hmu af{%@‘ﬁ?ﬁ o
determned by th ‘% %‘Pg‘&f"j a°l'l’g’ﬁi’175% ?fl‘wlgr arrBEﬁetr hkammac&d mivaﬂgubmxm
control circuit Bennected to the output. - . - °°“f‘8“f “f°

i s then inhibia ed Samplefoldt seathmdss sanminsg attms Y:ﬁg’#o 105
causes: both" chanﬁé‘ltlsul%cﬂtf@“@t)% ooa,pe gl léh cmtra e,so se fﬁure C
3. Considering i @han%}els-@i cﬁ‘lsc g%fgﬂg r- HEwRpladr between ffes emplifive 38amd of . -
a negative input ifleggitbredectit 26/ ﬂhl-. uﬁﬁpﬁt&hﬁﬁl tfﬂﬁ@?’ @d%&%ﬁg tegﬁf;gg pacitanq” .
si gnal " (sign bﬁtﬁ Vemrrllon' ¢098t nt(amyﬂlm ﬁl}w steglgﬁgts Eé\d@% #10
full count) _100 ?§ smlt namettﬂunaat:ﬂd, isOwillI‘bZe enp .
D/A converter aﬂg@ygh ,m mii ; bléha qul‘m! ?sa Wal 50
is placed in a halode aorsﬁmgurtha |t“mai value held bang gzeﬁt"gt

vol t age fol | odRr it w;m“fa i 42u§tl4alg uh-emFlgufec U uﬂ-@ﬁt for 115
connected to the ém:t ?us fJisconn g{;‘h{ sseemv@mtlzsctmnh inthis The
noni nverting i.npd tief hhﬂffiwde a’iitpisl d’imﬂfanmslyl cu]faie dignﬂﬁnpgufmtbenmposnlm (sigy '
cycle 2, 38 is comseted @cbumvt tefraingl W’Ed I‘EFIH:.(?BO ?ﬁ o
[err]. As an’asidfEl %n@?@il ““qu ﬁ‘t '49 re ? Egﬂhed the 120
serial by channel gcaied: h&ctertm fanﬁmverﬁﬁ)ng et \GE € intbaH E
anplifier 38 and anditheglcm«)rl sisacmtmad 2&1;:;1 btt eamutl rglz;mwm B‘%lg ﬁag‘{}gwh% gr

anpl i fier ‘42, Qg efggﬁ’a%:{n gonmgte E%g Fllohd
will not, [er'6 rﬂ %émlﬁg &u&uﬂ@te g€ ;E eng E’cqnﬁéﬁéﬁ( ﬁﬁi‘&e‘s d&bacitor C; 125
conversion cycl esuthuetdfiral 3IAThisrseate Rib@ins Ll i g réverse palarit o that afthaFigr 9A 110
time T2, anot her timgcMe R whichi githifdacysle intngain  conf mafwrewhlqhzc integgatign|in a he

expl ai ned; is mgg ﬂgj%?re%%"stcﬁn‘ﬁé‘“%lsﬁt"éd 2 e ﬁE Iqte, thal
initial quiesggnt vaPue during:the cycle 1 co versron step e purpose - of
node to sanple of the final value held by buffer anplifier 38 is to

provide integrator 50. integrator anplifier <circuiit 42 and 1is current

and chargi ng current for 115 sinul taneously ‘di sconnected from out put
termhal 34. However, channel 50 renmmins conpensating capacitor [err] in
the hoi d rmde but |s Si rruI taneousl y If the digital input nunber is



- of t esécﬂblﬁﬁ%&ﬁ Qfic sdnfe ad

60 integrator anplifier 42' and put in a hold Furthernore, as observed,
the reference node. Channel 50 remains connected to voltage VR conponent
charges capacitor [err] 125 output termnal 34. This state remains until
in a reverse polarity to that of the Fig. 9Atinme, [err] at which a third
cychke is again configuration which causes integration in.,a initiated and
the previ ous conversion states negative sense during cycle 2.-Note that:- 65
anbopr oduced. , cycle 2 and cycle 3

c urations for the -6 . 1, 569, 385
.6 b ' ae with. [err] is”-positige: and

corres lbﬁﬂd'san'ﬂ Qnt'&ﬁl'@tofsrlfbuiot Qﬁi@é Ve V.. is positive and corresponds to the mput nunber,

wav ef orpalari®0. -Referring to: F| gur es nﬁmherdwﬂv&f mr901he case - As preV| ously

ment i on ferrl;sP’ 3?.' sﬂé“l A :ﬂ:t— ffrfﬂf'm figned.] in tput

buf fﬂer ﬁ'ié@g}l mtx%?aggrf’é#bhfi 42 1sa o'gé 5We?ﬁ's gr tor .=

anpl |f|eeﬁa14ethe50ffsaaxasntge ahplifieagt |o(tmt u S Qmpfifi Isa 0 equal to

"~ the of f( tBQi f \Zé% f@fTa apllqre(ﬂc 42 combensatect H@;feranatheGMmulaanpl ifier s .

are [ el ARHoer ) cotimpionnof hele, tetoibo ot
. Refegr lvama;'tpo o i e ol edone ?ﬁé? 2 q'r' i f°5'ﬂ’ﬂ?‘ﬁ§ssrr€ ajsf UMEt i on
confi guya¢ |brislfferaﬁltegtatmsmcaors @6t isonsit 1sa:ﬁow atthi‘ran bfhap mAGEIags! t age [epr]

and th%?'!ﬁgf‘ dgas Huptr ‘f R al“flg follpwer t%@slﬁﬁmg’@ﬁtng sel f- 10 vol tages of
anmpl i f |bﬁlff§ hfé'hﬁ ?},{ 0‘mﬁ,ﬁrrpensatl ng proyi sion..can be discussed.

75 ¢y clie integdatifgf amn%egemteuzsmtuon 26 i SE=(Li_Dyg known that for an Op
anp i nwill beletﬂd dcdwfﬂp etr‘@diamEd il ustrat ed. |nAFllgure 9C, and follower

Con | DSEBIANES SASry A C Yo conet Lt e e ot to buf fer
anpl i | iatordbaibostos o GUEHE Q)'!ﬁq@e,svlvon-mvemﬂgterrfs% fing ﬂEQaﬁ B g cuorent to!
|ntagraemeermz,—- ortion 78 of wavefofne76, ] tlwmwutbﬁse hgcnanédthetd’penrc f)set 'vol t age

Sferr] M tily ?gtce Is 1 bﬁa@% ﬂd § ‘Xrltano higly rmabqual . to zero
Bl itﬁté'faéi"ﬁg e M f‘t&é’éﬁft&t‘f’? ot o

proce raltd?l fram Bﬂret-lat@hﬁanssa ammon- Now; eptsidegng - mercusaaifa@gatthe @3t put ,> [err]

.| s 280'9 et;m)é@n t t 4 er t‘%ﬂ ‘-L%B’edﬁlgra A sec qt?uratlpm.e i nput of f set
vol ool m PARET oot et ity and
ge |

~gai n. ;{@ﬂeyﬁ a taln‘éd lRenfigovatiod it odee B a:'hb\ﬂﬂ that th&' M nat ed® by
initi atdumx cyfcle Z:assmnpléd)by itht &cﬁemdrp VoltalseVﬂmtqducted‘aedotsatgmc@r@(sl e 98.

- Int&Yyr {“br §Tf i 2 4B sor 1 Neief becorres egu o g he offset vol tage.
separ aé s c"ﬁﬁjb%f; thf%ﬁﬁﬂ,f g gﬂbat\? Ea(‘:olgl‘im deri ??g the case of a
negat i vanmraa.eg&we Qripdlt. (ndn-dn f m isa:bnﬁyaraﬁun;tcabdeabr che input nunber

(SI n kArmisg) of ¢ tbmmsqxhrﬁtw Eﬂ%ﬂl’“@d\t{’l ﬁg’ g ?:tt {; @gg lt‘? zI s:hel d
oS offPs S Aol A Ak SR R 0.5 D o

cI € JuieddEdt tihg Biﬁﬂmohl thetsh e tegrﬂor s@tibﬁi i A:onﬁ llil-ed ?ik and T3,
the fi foal thpolstastgef vabhteconmraomeds lysttatesuinakig.0C and. tharvobimeshpwn that t he
dur g usteat m"g’egvlfg’ °r§a nLt!§ htehll; Eﬁf E&qmm‘t‘“ﬁigvé [ 'l?tﬂffe roduced across

capa ﬂﬁgeed?: Sotiver: I vél - -thE anpl e/ hol d

Ci rcuj humékr # t ndghtpves ttHd’ anﬁlf)g tdiqmt lntegrator outijue Wl]age Vo would be: (1) next

converst’l Il'@naﬂbsfco SFP@t angmegativeinber. r enmai ng ne ative the | nput

(nops ﬁ\‘g‘?t”r ::&mvg%t ﬂ;{ﬂhg : g fi guwvalg, on, _cdps gidior [ergl i term naI)

E " cha rgeth.(q a0 |n|t|al \)oltage equal’

[ err] .88cussipno mhdnvﬂhcc&gmma he val t-age_ [ err]. to be at. “which is the

of f set g%ﬂt vfotgatathpmnﬂm g%vut herd sane pot ept. 50 that.the -initial

At 551 rerd] nal o g0 atlthe buffery _g95 escent onﬁ)r ating condition

L is thEbegimiﬁlgdflicﬁg:&ﬂiDﬁvhlcﬁeﬁﬁlihﬂﬁs is. contig urg;t, as for . start of each

: converﬁledmtlalABtputNOltthB&Ilebtovnpllﬁsg “9C and the vaoktage [err]. illustrated

" by V"aV@;f Ve tagﬁ fEt m t‘%eé’@ﬁ gﬁ%‘i“’a‘?‘ G‘t;lsu‘g 107 :giol Spuf fer 40

di gk4 akotial fabhshﬁ”“% fo%s @ % ola?iﬁpt Rel I ftermitof equatiofn e - shown

t hat dnﬁmtgtmvcls Uceapeisaigs ﬁmnhebﬂfseons thesepwo térmstdancél dabteothessith al Vol tage

on. [e?"?l age ?‘Bphﬁ %sucbh@tl‘@@t ihet thesfing th‘t el_taa a’loeg out put -

i nt egr ’{,‘vm ghﬁ,a@?%%ﬁ t°r \AB{;TPEC’% T‘%g % E |ﬂs constant

andégmegqial \te: ahdS iRteEEtRIAC Plods euyerdaﬁmtdhﬁn dsbtyntnig c(ﬂ GHREo. In’ a - :

[err] AﬁzatwelyThe“uom fataveform 8. ThebuSlfﬂé#f— mati@g,r #teopffset voltages are - '

(2) se§ liage,V ;%schegg%y q%néeegvfgge mftﬁ%t st sgen g i digldingmbeiien cthe

- di gi t Bbead BT ohtputP &S Tasiing B siSle/haly Shidckin@s] gout > and .

ter as nali'cudlfls het m@mtafrthe mmnl théne«ar fllistraged in Flg 9D, haneb#iisniaca t 0 the -

reference voltage at the (3) beginning of ‘each
cycle | which establishes ' ‘[err] the initial output voltage
[err] equal to [err] plus the' . offset voltage [err] of anplifier. 42

However, as capacitor C, is initially charged 105 (waveform "84, -Fig.\8).
-At t|rre [err] _the durlng cycle 1 to the vaI ue [err] and |s of 55

I T L T e M



non-inverting input of the integrator proportional- to -the ful

scale' reference 110 returned to ground, portion 86, [err] becones

voltage [err] where T is-the tinme interval, 60 equal to zero. and

I ntegration proceeds required for obtaining coincidence. In a negatively,
portion 88 of waveform84. The simlar manner, the. offset voltages are (Zé;
vol f.age [err] reaches a final negative value at cancelled when the input
digrtal nunbegr is tine [err] and is helgscgpst ant as before. positive7

115 Because TN QUL BUTOf hrne g T g 1 o] a
cirourt 2, as LIS RERE RS, ardpme e SR i e

i |l ustratld in chpagitor QRquaihannel 8 I S 1N areceive/and store an applied digital mput

_1, 569, 385 signal7 @a% ﬁgﬂ pﬁﬁ‘dnlccﬁj

in hold node. and negatiV&»dFgital si@hal s‘°ﬂ§a YR f’%,cr géf érrp

nmode, the velt dereV VC i Stle ﬁﬁﬁmrvbﬁdgggfrbﬂm oér@ﬁ Cdipigdll { ghaﬁ
capaci t or {C e eﬁrgpr 42 and E,, equals the offsetr eeiperinga said szt:mm;edamga P Ite @dd
ut Pﬁg %put

digital i thg ol g}ogc,ons ed inget signed dur second pomon(
conver SI on cycl's, Iigeg';z( cﬁugc 8¢ 0r he conversr ﬁlml;r’ i;gl\!;.xdeaco? aﬁ)l 4&5
i ncreasing and 5 \AhereV,,,[=eB,JL]v S the(ﬂ) anEnaMQ ﬁtagec:rcﬁltr@radaptqartogecemave
di gi tal sr naI s _and for integrator 42 angn ntye %{P aé?f‘b °"
conparing sXi d °Gdiet 83854 gnal s to said volfig 5 " fhe Q% ,stén th;@

hol d node, - stor ed i MpULESIRE, =dvl i Ng(6} Sesdid W&lbmsa ehg@tutmhlswa t age
[err]: (Figure 9A) |s of the conversr on cspisd stored digital isignals te Preduct an65

1 hi h
pUi ¢ Upon coi fere e sbiench ik chet T ST gt
i

Circuitry adaplhthnbis HEGRTGS of the RPLEohiteal jcheros| S far
10 or, froma &telaﬂhetéboltage is cancelled responsentteglsadl nrgltttohep!ﬂarrfbedurl ng
the time that sdfdsummesiithc DéA gemertar b esa!"' V‘?‘ggc F’ aP tp“‘?G"‘]éf‘E

(6) il cdf mﬂ%‘%g G B | A <o £t
signals to proqupet figha eapecfurzaﬁmaﬁmatnen @nidrsion cyulis @&fdvidldihd) ate vaare adfo RO

signal whicki sorrveproes@mca&m Yunctiénst le thres othe Lsamvolﬂtﬂd efofr (PmVI self

sanpl e/ hol d  stIBHYY i tal signal, integraf)t VE;E%L %e éitejnﬂﬁ

i nverse of - thedyapyt voltage reference srga RlodGycleer m nate
15 and the offs&tDmmdlﬁagezsrrsacbmrmelsdoed raselamtedm@lamdl whmmt r85|

pul se being, In Wgn q@@ oﬁ ﬁg rca'écré;n : logis| og
out put ci rctl trycfeg g e ra*e&rafeat sco%rrﬁ ei Shidl Wiie &ntrb?*‘ﬁfﬁé' ng
circuitry -for sarrpdultagg sar d "anal 0og negat | vebdgiebidnsivenfaui stattGipahlstotcausanal og
signal during aytbizrd portion of each -out ps dlBIP duﬁtésunalrem said 90

pol arities. The Ac\nitegssiretone,ds ietegrattdotildi g H > igital
conver si on 3(broce?%“t7'\5§1c,‘lf | Bfiscounter, majcho | st ga.s, 1},}3@%%6%% Ogcgz%!{%(ayﬁgf

sel f di stinct cycliipration, comeiies wth ‘&e orks _ sid sneloppansiatotn tbaspeplat ong)

of fset errors. durinpat Sdigichl f nuAberanhis astapss e@;B'HEFl ot °PEJF|‘$“HF'°E§)/@¥ gﬁ:“““

each conversion cjssetion. Digital input is g.,;;"aﬁ‘ °r§d§id&°1dﬁv° comy °’a§§i§

Appar at us ass clcajurared in daiml wherin 85 ioddfdrsproviding self whoinbe z&foh]to and
the op anp sai dAl g@l(yolitarzpab thesj intsgrator ¥s hielic | intpenplly i aéedz error lslgmlﬁg ,
canpensat i ng vol t Fgilsthe sample/hold cirgit agyples;; riﬁ “F% éhé‘P tPRBles AL Beide '€

C, is charged torfdonvEE Wraho brefrk IenticrONt BOTAKPRGAR! Bs charhéll liddGmeant r ol
circuit vol tag&H‘OVldes several significant advantages over Whergieisald logis PMWreultrm fartisrar t

signal to cH, dqr@rty Good conversion accuracy 1s mcludes a storage it ifortgring

o If digital t 105
di gital  si gnal cﬁ 'ﬁ%at%ﬁ%roéﬁ ouBi Gmoiatty CEStiea qé?ee&t&&e[f’é'é‘r irdut
i nt egrated unt Idrovndkdf Ghiré stﬁo geqhﬁfeafehmgorpr mgrseRismmen dorggenedati progresswe
contents of henam@ht elrd,lusmmcch |Os Mtg!nmns él rSaéc%(l)El;éOT ar°du 1‘01
ool oo IRk g e SRS e |,
circuit causi Nn@tHen wwtdpeﬂdnglmbs&l Busedlal digi Sigfdl€d angals darbahag et put

circuitry to beingleuplay ioff-chipp teferch No&thge nmbehng Tiefogressiteopdigital pligmalal ity

of confi gur dﬁ’gh{ﬁ?f‘ gdwptg? F‘hﬁcple t r&%ﬁa counter clrcurt for gencratmg

. . ou 1t range to_an si ignals and aclockln ircuit for
{11 it val s QPUEToas it e ehe g éteds i Sinal LRSI Y s
conpensati ng 3fmsm@CMQS techniques, the converter 4. Apparatus as clalmd’dDde g 3
provi ding sel f rev¥rpeleyarowehcansumiptiori nal vol oz o tpHbpiEcu rmcil@ethel d

internal Iy genegaf8fwee %ﬁR{M §ignals, an ? jigds Icé*l,‘ aﬁi bggg
sanpl es. i B3 egr AlApRGraii® co@@ﬂmﬁ%aﬂﬁlp@mﬂﬂd sw alioREs co t 20
of the present invention 3. Apparatus as clainmed in clai m 2 provides

several significant advantages over wherein said logic input circuitry
further 40 the prior art. Good conversion accuracy is includes; a storage
latch circuit for storing * .Obtained wth self zeroing and

self said digital input neans; a coincidence 105 conpensating for
operational anplifiers circuit coupled to said storage latch circuit
provrded there s no requirenent for and said circuit for generating



other desired input digital code and uses a digital signals; and said
circuit for single polarity off-chip reference voltage generating
—progressive digital sigpnals which can be adjusted to scale the anal og
including a counter circuit for generating 50 output voltage range to any
desired value. said digital signals and a clocking citcuit for As the
converter is suitable to be fabricated ter. circuitz
115 using CMOS techni ques, .the. converterrm"mmmm as cl ai ne ?{
Caim 3 reqw res | ow povver consitggy on. * ¢ n sai d7 ana
i

out WaY4d X1 rr-unfry a-d-a-pt—e-d——t-o V\HAT \E
CLAI M | @mple mode and channel 50 in hold- modee caidnegasing diglt@ﬁmabltn:malpg Islg and being 55

1 Appat%ggt%m zggggn%qutﬂﬁ B(ﬂcf?si)o%q“%ﬁf%g logis Jppith 'ﬁlglﬁmpu | ogi ¢ control

receive and store an apphe 569, 385
r CUl t inal during a first - portion of th
-7 sarrpl e nmpde’ andVeVnaqug,el 50. i hol cgmmden cydé)dincleding |avﬁrcditgbt aI605| gnal sto

anal. sanpl. t el‘ablka otgnigally o rea% 4 sing | ogic
ol RS o e B 3&2@1 i 335‘;“‘5& sgpals gad or > 19,198

p t o8 ﬁ P an enerated s1gnals to salg
R@_g_gl vevdwa él'ttﬁd’ ﬂnﬂﬂﬁeﬁm@ He @@lddhélle] a toﬂeﬂ‘ t §ig ringl@/s¢ddfd péttiod | rst  portion
of the {heropi]put voltage Vo, (Flgwry 9A) lsconveo&heacnnsgrablewclencbmhdmg ccmtml rééit for 60

“Yenerating: monot ofpi cal [ ncre i.ngP Pgn: CoIH and he i nput

voltage from gﬂdgﬁ%s‘gl ve %I ta na}esg ‘:ﬁ‘ﬁ 1':";:;}‘ } Eég;, [ “e'gﬁ ator 42 and
[ er nd . eqrifrbm ehﬁhiloﬁf4fset ' corrparl ng B:aagfhnggatterame uﬁh fﬁmfﬂxasal d vol tage
of the anpl |f 9 l?e hol d . mgde - said w#é mngg@ wita tsr!?lhg"% second
portion the o T eage n[ er g (Ejt o nals A %q nver si on'

cycle tHer&eorvaﬁleqlaus.omitrl@bbseﬁ&d il S@nalHQQ&nﬂ b Rpfesentatied 6MaRé Ween; and
[err] the output lage froom alieospmpletholt  stbred udigitay sad%iptlmgkrttwnr efcedid e a single
pol gL t§}- 2 trgf vg%wa envu{ \mage fedgrenco. tSks&;al 4 oEigen g;@e nim
't i ol i SR A TETIES, he . Sty el Rl b BEAE  ati ng sai o

dl gi t al presenri !Neﬁtnon?dbn Ye@ts Either positive or mcludmg circuitry(fop samplmg‘s‘aid anﬂeg nci dence of

Sai d di ta’F élaiégﬂh Butypigralss ity dnmmr sshabll rpalasth % an Hence,
fro ﬁ éﬁf rej’ps?fctﬁc@tﬁ %"CT ‘Qﬁy 3@6 LepPlsentati ve
bﬁ'&

of t e dxhﬂct%yt:ll@ﬂt vol tage ﬁh&o opéi'it si gnal ,
T nt egratlon of said channel |s the dmlerssnéf‘m anmaldsepuﬂwmonage ref erence

si gnal &ﬁg\ o erm n 5 15“‘1 Ef’efs st al tage.is .cancel | ed.
responsep cf%@é’;é HEF é@‘p el B {g,lnﬁi@gs ékﬁonverter of

t he 25pr ovioffed compend at1 Ivak aggs out put cﬁ’itfof-l.thﬁ:ﬁly fﬁf R fdtiting NyeqidncON converts
_either p@s } is\charged to e [ifeiratgr offsetc uce lfsmal%es Ilpm ogmi ‘cneuit og ‘negati ve
di gital _i nBitEesi gnal s to anal og ﬁ esoredéggftj{lg)ngoof each
out put €y fﬁfq% e gf EEEefEEn'té’?at ng{l 1&@& }‘o ¢ ‘and  hol di ng
t he i¢al ue Qhten (% ofrf &'is pslgu}xkstp mbmuamnsenenattd dx itabe  the sane
and ~ for - qonmtigdi d:tgncuﬁéxltfy dwn;m g égd logic -control - circuit causmg

conpensat | lﬁﬁgfﬁg geineifssomty thefstored Fo AT M (%bflhg‘g’f, dhdgsai d second

1- number his stops

portion tlme mtervals of said conversion €ydld) séidnver si on
CyClé]% érs{‘ﬂ' Dﬂga{lst af input is read in %ﬁe m?&{}gd”lag a%’n satl%; as cl ai ned
in Chal Taiee B 0 0 W a %{L p said

| 0gi ¢ i NPtilhils Gh diiplo/bid SHobt Gaics, | gfatiah mode, and 6 RANSO] N

wvol tages. control Ci rcurt fnodes enerating se uence C. C ‘is charged

to the.i Fﬁ‘gg ﬁ é’(fesmé inyentipn sj \ppar |EF ° |ZCI rcuit
severa, SIgnl 1C

rovi ant adva ntages over eréin said rcult
Vol t@Qefhe prior art Good conversion accuracy is mclud& h@tgr Mx?i%{r tofin tart si gnal

to Caus&té%jdtﬂ ewith self zeroing and self said dlgltal mput meal&al cdnﬂcﬁd&nc iightal si gnal
. to be sg&:ﬁ@%ﬁé@gﬁga@@;@mﬁg}% g?w f ggggg; e lagch qlrnmgagr ated until
circuit ggfier %3{1 e ? of the
. al t d 1
COUMNser comohéis. | The S 20 ysteid A" Qéjuﬁ E@gyﬁfldihﬂé 1ta[30Unt i ng
concur re;nm adaptabletto BGIR, bimiry nalany, smabl \k' |saldc @meraméd cnrogressxwe cldlsi ng

i nt egr afthefrfiesired

chan lTrcwtryto be
it bﬁ%ﬂaﬁﬁﬁmgmznﬁu&ﬁg@ i ﬁ%;ga R

¢ onf j0guswapiit ¥oMsage Warig& o dySdesineit val aii’ & raaixgmls and 4 ¢loakingieirauiefdad s of sai d
conver shpike %@en jtable tobn fabyj eiging wsil qsraliltprgm%vuxﬁ atingld5 Cycle
3 using techniques, the co verter 113 %% orrpehsat i on

equires | QWEr consumption. l(-f I¢

to A Final v age on the integrat g.fffel-.ﬁu e&& dura &y n Med gﬁherat ed error
si gnal s, leﬁAWIE €LAIM I8anpl e/ hol d crecave taid aefprlencs. voltaget axghr bdingng node, and
sanpPe. arfcAPRIFas farponyasingbotimesitiveo niranongiye orsaidrigsip pendech eirquit\femt 28n 3.
Apparatus as clained in claim 2 provides several significant advantages
over wherein said logic input circuitry further 40 the prior art. Good
conversion accuracy is includes; a storage latch circuit for storing
obtained with self zeroing and self said digital input neans; a
CO|nC|dence 105 conpensating for operational anplifiers circuit coupled



45 conponents. The converter system is pulse upon coincidence of said
stored digital equally adaptable .to BCD, binary or any signal with said
.generated. progressive 110 other desired input digital code and uses a
digital signals; and said circuit for single polarity off-chip

ref erence voltage generating progr.essi ve digital signals which can be

adj ust ed caI e the analog including a counter circuit for generating 50

out put volt&ge range to any desired value. .said digital signals and a
cl ocki ng cust for As the converter |s135y_3;8§bl e to be, fabrr cat ed drrgr ng
sai d counter crrgurrtl-' : olt —CNMO m S ques;—tire-rtonvret u}:l[' pe

en 1
t, Joparatus aderaind ESTeal, t‘#"t T preSuATynse:
wherein said anaiﬂ.g eQ U%d &Hci’u?r lcbugl B i Enveridt 8P Rl inCliaftlist I'Y
adapted to V\HA'IbuﬂE'-lﬁle cultry and - bemg wherem said eamloge ospud dfn&hmyence\\
vol tagé and b%l ive ‘°Sh uif. |f°fcdh°t} |an2}lfitsotamvgﬂysr an ingegrator - -
responsive to s ﬁ@% nmes or2mp! mpensating capacitor, a 50

fn Olinte r. cir C and a pluralit
. 1,569, 385 and -holding modes . ~ switches’ mte%iaoé (Rl' ) ;ﬁi lé,ﬂé{ o
reference vol tage5 dér rdrx al, er fanglog., $pt?natbts for, ewmxﬁtredalddmt'egrag)r amnhﬁer, sdid sai d

i ntegrating dés’i' @‘m cae';v" eltF? m"g i mr S ‘F‘B"ané“t'tq)lsélld:: . ""“‘ :
circuitry coupl eﬂfm i S@n gatnve igitd aé w3 - conttd lrﬁ:lr&lt for R A
buf fer-integr at cuharacxenizedu by;ya.- coati c1r orvaﬁnﬁg faid aﬁlog ou@nahﬁ:gltrqutaput
circuitry 5 ﬁglg éeqP?}lCSaP &l}alc%mt rrdyralg rp&maos qdfr i ncI a o

buf for arpl 1 17 errebae th Br mgaln o Spatiean g ‘rtm ¢ ggréf e
anplifier, a corrs&matgnmgngnaametota@e thefbin in> Raid Nt Oﬂlaﬁl‘lé pleshrﬁln iduitng

sai d sarrpl ing.- |rmpelgsp aooan dnhilitngt . SIgt(aR@pjohedndmau kan atnp r,od haidldg hmﬂadntot

modes. o thereto from -said. controgwrgugﬁggmg ({) EE; l?@

o first porti f th 3 tar,
digital, to ANal g ehaio bl beidetliely SABID Tae aad Suipdt bt o By %tg%ﬂt#“f’%r 65
said 10  pr oduchidgomrot € Eﬁﬁiénatatmg?maﬁﬂh@g sﬁndtmlugrator mﬂﬂ‘eﬂ&ﬁbbé}&mg said :

capaci tor, and and sB!‘PEfesi ndigital  signals cando fore spmple arddy ult |atsah1ml= and hold
integrator oir fifify .Eﬁéar‘ﬁ?;mh f.?t' o 53%““35 2'@3?51-.%’ °rgs ;I{? Fi gital . °
I nput . si gnal comBIRERS lovitpul BulseS thieféfromOitich Ol anfplifidi Ulduri gors ‘my

a control ci. rCU|cplncld¢rm=lswpmabthg;nsadstoadalco esout put CI rcuitry | n a

generating sequiffal sisasban dg c,ﬁg‘ E““al | -t m aﬁgd d@@m 5 15 Y
Foponse Lo she Bl &gae fod Tl oLing” s B TGRS e ”
'in daim 5 CyG:ireultrﬁ rdsﬂd e & ﬂtﬁcﬁgﬁmﬁl Clﬁ‘.uitt badam @dntiad- cucuMMﬂewﬁmﬁﬁtt‘d’i 75 -
sanpl e and hol d aefl t?elf ﬁﬂaf%lvkérb?—%m lagch
Sald qual chann aﬁtﬁrt“%m g iike, SR 35;%?‘5 wBgnal
appl ied i nC|3§|dfil&elQ£l safdp elnéﬂa@ ) progresst Hﬁﬂalcapﬁm Aordlgl -QB-Q I @Bhverter :
sai d. control ci rsigoalg aldthemgpompax‘éém }and stagtd agdbstantiallylas Bexkinlodfiers desedibed it e d80 -

20. first porti ween  Jeferspee fadhe acspypanying drayings.
capacitor, the (i;ﬁ nt e“?@éﬁ?ﬂﬁtﬁﬁ lifghﬁel ectively enabled by and out put
term nal s of 48aiafd aingthdidg @r dah Cchanifeb sa@plimg cont rol* cFamha Aprflﬁint enerating '
i ncreasing . - sai GHFlﬁtfﬁ mpling agd ldlflzﬁ!PVil@rofoper%tJr essive
digital signals sﬁ g ?a CI rcuit ‘;r:§ f‘%en nd hol d
conpar i ng said %ir&ﬂla Pvi fﬂg aahgenﬁﬂtﬂh f& an‘&logna| m)d‘ﬂo ‘ectively - -

coupling' said 25 - stgred I qaks s s¢l e and
hold circuits to sai dpmmteggrﬁe Eﬂs:ntcmﬂcﬂ@ﬂ sdenosoncnut utl.omgt w'%t"h%?einr om when

amplifier during successive convEPEFrBis ™ e 'Fncrdence i s obtained

bet ween sai d stor.ed cyc]es. di gital signal and said generat-ed d|g|tal

8. A converter as claimed in.daim 5 signal during .a second portion: of.

said wherein said coincidence circuit includes 30 conversion cycle and
anal og... output - counter neans selectively enabled and reset circuitry
responsive to said control circuit by said control circuit and conparator
75 and . being adapted to receive a single .means coupled between said

| at ch storage pol arity reference vol.tage VR_for i ntegrating. circuit, and :
sai d counter nmeans and having said reference: voltage during t he.. time -an .
out put coupled to said con n l|ﬁm interval - said generat ed :
progressive digital “““Wl“;“l“ nal og converter signals are _
bei ng conpared to. said stored ¢subst®anti afl y as herei nbefore descri bed mnth”
80 digital si gnal and coi nci dence therebetween reférence to the

acconpanyi ng drawi ngs. to produce an analog out put signal which:is
representative of said stored digital signal. 40 and including a dual

~

channel sanpling For the Applicants, circuit for sanpling
and holding the value of F. J. CLEVELAND. & COVPANY, said. anal og signal
during .a third portion of Chartered Patent Agents, said conversion
cycl e, said anal og out put 40- 43 Chancery Lane, circuit providing

corrpensatlon for anaI 0g. Londpn V\132A 1JQ Pr| nt ed for Her

o, o ~:r a1 - [T ~ o = . o A NN PN



