EP0303615B1 Descri pti on BACKGROUND OF THE INVENTION 5 1. Field of the

I nvention This invention relates to a neasurenent circuit for neasuring an
i nput signal. *Such a system f or EB3038161B) a signal which is a

predef.rm ned function of the capacitance of a sensor capacitor is known
from US- A- 4054833 (Briefer). The system conprises a sensing network

i nct udi PRFCIRHON10 series capacitors, at |east one being the sensor -
capaci tor. Tge 5 ‘1:' conprises a switching network, and a feedback
net-wor k= g and switching networks. The feedback network

gegfégtﬁﬁeﬁégggn%%nsi gnal representative of the difference in charge

t capacitors froma predeterm ned value. The sw tching

net wor k cﬂig%’n{i&ﬁ AEELS nt diBuid g Ao SGRPT Networks with the
f eedback  Sidiielystdi fr %%Wwﬁi@ jﬁ%ﬁﬁwﬁndﬂﬁmd @bRiahBEEeR¥ndoh e
aver ag ecaﬁé'éﬁérgg kifoWwh 8 WA Bfefdr). Ro ACdomprises Q‘é@ﬁsir@%ﬂoﬂ%}iﬁﬂl@inh $wo
SUbS§oandetickl ¢apadhersabt badt LS behigt the tsaiisl it THE .sydtdin SOMNGr EipRsts-a BMidkisg t he
f eedbacletwaiky aid a ifddifack nétedtk cdupiad tto M seising Ad Ewichipg @6rabrks The BpdbatK wutisik Of

t he ' Serngeasratesnp eddack signalvetubsertativa 8i7é Bifi¢rokh ircechelgb aloreti loe the sodesdemmcitordieth a
measur earpradetariningd valuel. Thankwitthing waswdik glicdlly djerennuactsathé ésedimtk argl seosor aglwarksaar e
gener atwith thenfperhackrsigna) ang bxieinally appligsreierencecpoténtinlsl whowshy the avassge sharge lorpd ovi de
AC ctir ribnsasieh capeeiigrsaaver| saetueisle inpubstantialiyeeapial e the presieteminet] walues inssamg embodi-
capaci t™efisetiie fpedhapipsignalis a fingar fmetion/qthe sqcingsalf eapacitance ¢f e 8pnees cepagidimi ng
junction BtUSAa187#79 Moligndale} %ﬁjalﬁ dJepcuiped, i mepsutemaRicHrpult ip which\pwoigh,feeguagcy o g
al t_er-naﬁ"?’ﬁ%‘i‘\?d?'faﬂ ei?“’ BArateqHich fre %.‘eﬁﬁ"%ﬁ%‘i"@ﬁ displappment sAnsoys, i PR At f or
curr ent Yy q\gggia Piffudas whigh 2 .@"ﬁﬁ'ﬁ ! E&f‘ g a?tﬁ:}—?eﬁ ﬁsfrhs@?:' WA ed to
o St AT T A LA O D SRR 8 e
out PUt O Thd i o e o Bl s Hochol SHE dmbaeact R O
an I nt gfy & Nvottadd) 6t 1 oSt oR i andpfitior Sl Siddd la PdHoGllatsPTthtEd! 8 tid ihputof a1 Ch
counts i b XREl infefPAM FBEI dulpRGhich OIS 3 timerlwiiRZeolint 4! BRE HediBRS lcREOFom ThUS,
US- Azs2 1318 B Srely ohtbe applying of a fixed nmagnitude alternating voltage
t 0 capaci ks US-ASNSALS keattitd thd) QpblyIRIAGUL iR inBgitlicRSatleinkting vOkags Ub IcapticitorsT e
measur geangdrs) dhd Ghencmedtring thd readitiighAC Alrrent) IThe Mieadutenteiit Midves lkadviedtiay thel AGage
and t hemrehe poohusterbating) vditagetany then eapdatatig theeditapg abdieedignnadinatidded oltdgage t O

t he i nptbe init ofean intergratog Aactods is cauntet! dwrleg ithe tige intereatitodmvida ghetohtgutisignal. | nterval to
pr oviode 't Aesowing tathe piespntinventinn thereds prgvided atrhpasysereantgircuit as\defined inClaimdr e i s
provi-ded Eheneuipytsigneb ey bp provided assandenplog eutryina digial eytput orjaccombingstianaleg ghthl  nay
be provigigcpupyt agfunetions 9fthe inph, Preferabiy, thy megsuramen imeansy megsiEem e A¥EraRnEONRY and
di gi-t-al PYSEFPIiatng.the ciiargp periels g a fupglion of NigreaciopesrRean | vt he nmeasur ement . means
nmeasur es ﬂ?e”,’%?ﬁ*el"é“l"g?" %’ %'a ﬁy‘"t which, b3 'gP'P imw%ﬁarﬁgl'%?%c _'é“pgg"’%
e e e A el ggh g i S
0

1c .
whi ch hé{ggal% ORI, acyaml o traeenst] reput ° %“‘."?r’paPSB%a ccuracy is

aCCOWléFﬁéEIS’ES%M@WBE qhkbﬁwﬁi@;endent |y of the reference potentials used
in;the - ' I ndependent |y of the anbient tenperature
of \efje CiFet Yid a QigRdm &k 1R SBYdintblt of RERmiteRAcEbdiRBEm Mvenid; OF THE DRAW NGS
40 Fl GiG. 2 id Sdidgrdi FY 3E8n@ bmBodinentds a taiaieNRNlise Mith @ cigadt@¥bisbgr accor di ng
to this iFr/endfming diddam corbspordinditapizagn of a second enbodi nent of a

t ransm i tFeg. 4fis0d diagsein ofl sl fifst amiBaRiresat df v Sutiue mBans acdolding tBthisSnvantibh; M Ng di agr am
COr r esSpOoIfFtl. Ads 4 dagrdnCof aecdntl Bnbotiiment @ agl pugt aarefac@rdirigrts thisdaviaidn;nent of an
out pst MEKN S iscecdiagrain ofc thigl entrodiment olrnitangrmitter fr Ge Withi agesistivh kriiggasensr: a second
enmbodi neftG. &fis ediagram of @ fourth amboditeanbe! @i tiaepmiter adeprding tathip investion: 45 FIG 6 is
a di agr afiG#P i ining dacsmenPsperindde FIS. t:@Bthsitter for use with a resistive
bri dge s&lfs8isa qigargm o & thirdemppdiment A7 eitpubmeass AEaRrding iR WS ivPRtioBt 5 transmitter
accor di ng'eb 40 513 diaora o 4 woligge megsyrement ciccuit ageprding, to this ipygntion; &M% r espondi ng to

FI G %7; A%y 1HS@ imipg;diagam fousspanding fo |IS+10 4 enbodi nent an out put neans
accordi b Sel on:  E ' I.agram of a vol t age neasur enent
circui t%&hggégégﬁlkﬂﬁﬁwsﬁﬁg%ﬁé%é‘b%@m%@ FIG 11 is a timng diagram
COr 1 ©SPONHIER) 1L Pl fidfor BT ALY £ Wbt by 76 P CHERL VENTS
I'n FlG.y dgnaPor inbSi6 sﬁfcﬁg P&REHialOd ciirolE & phESINE B lientpofaturl, la flow, 4 P i@l & bther

gener alayabilio B8)senétd. LilPHel which dah EAAEASS mafibiesighaldiaihs, Blibids! it 14 o&id%bne?a’iin@

- pot ent irddans 8 16 BFovi@8the gBneRHilifHMEHNE 18 it LAFHRN R eighdls repredehidiive ofith® bbnk@iM@tableOT

ot her Maei1gll RIGt 0 cdhecompiiseaslitiplel elktridd conddivitard) a 6iBs? op Gablb,SPessilb bastdgewais @nal
pat hs, couples input 14 to the generating neans 18 to provide the
generating nmeans 18 with a signal or 25i gnal s representative of the sensed
variable. Line 16 of FIG 1 can conprise nultiple electrical conductors, a
fiber optic cable, pressure passageways or 2 EP 0 303 615 B1 ot her
coupl i ng nmeans.




Gener ating means 18 conprises a reactance means 11 coupled to the input... ...
means 14 ‘and,a switching means 13 controlled by a feedback signal coupl ed” it
on fine 19 from a feedback means £b o 3b£eiscBft ance. .. neans 11 is coupl: ed to
t he ‘swi tching neans 13 for coupling a quantity or nurrber of packets of R
electrical 5 charge representative of the sensed pararreter to a e
measur eimethdr coaplisgsmédgs.on a | ine 35. The term "packet” refers to a di s-.cr_-:e_"
anount - of - Eleswréting owbknsclBxpywiseda Bacténbomeans d1, coupled darthelinpat rwenst 14and a\sivishing t -~
char.ged-:feawn 18, dontralied py e derdbagk sigual goupled Onding)tR feon jadéedbatk frfeersceth (Thé reactarche
first pomeasililis coupled lortha switching means & for pouplinggcduantity & numbas of packmimdf elegtricdie. -
capaci%. aﬂ@@ed Apfeseiative; qf fiag saneedl pRSanyGiRE (o @Bhpeasyrpent Meanss &t gm@ liset¥Bn ﬂ“ht"ﬁ“mﬂ”xe&m —

gener at i rRCHPESAIErs 8 acdisgipfacamaount,af plegtricg) ’3@'95&@19@1"%"%*8\?[ & ?PW%U’Fear"i By

and seco Q?ﬁéff"gé’ (?R"@'E"é}' 'EG sewa?mﬂ “%! ﬂ"@"’l‘ er°"P'|9Pst

pol ari ty'"cﬁﬁp a' a"’f‘reans
34 accumii! o f"ﬁ pf‘ﬁ%'s 83?8? c ’P?)

e %h.:t, u,:g%w t,s:a .

Count Eie s.qrgdaaaz%wg% 5 jﬁﬁ ta @f% pans .

coupl e

9 to Confe&mackpl'h%é 9119 Borftrbi joh %ﬁaﬁ éé‘elﬁba‘ék QB@J ovpﬁlethh@1 m*l'ﬂe?fe . @ouplmg of

f eedf G Wik frsE4HdRbdoRd cibhgo ackeleldR i 353 8 MbaSLRSHRRCI6aAE BOIRAIESI8ok @upling ¥ 35 - _

to the nhasdeasignidht SgRAINH lidg!26A Hild 18 GeckifRr BigrakorCiMd Rb td e Génerdatilg MBAAS1E LRBT

si gnal o#&cydit1perdidh 6itith téuRurbraent Bigrak28s ingespbnse o &n dtfiatiod of the MdasuGMBALIsijhal BY

means 18iinec288.cthe teedback ingans PaxciabtesOihe Ghdlabicsignebanuiine It@ mhicis iigtuml, achftes lswitching
r espon's'eﬁib'ams dn taprbvide a ovargef patket ompadiets represetiative ghthe sensed pavanedds A9 the Inwasure- T
f eedbae kmans aweand 3hon livg 3 Thedirst chartie cpakketsi qgupied omline] Igcingreaseshihe laccumulaionrafi- .~
act uat escheigetimeasyrement moans P4t Thespegnd eharas packats geupiod oR dine %ﬂeqya‘tlhew"m"'aﬂmﬁ R
r epr esenffatige ipher ﬁeassreﬁs'éd"ﬁia% dhethe rseeand (charoderRackelp can beyerge ﬁ‘tbs‘ﬁ'i}'aWsﬁ’SQ SOR o
i ne 35. a"TFH'E‘dT P’r%af‘ aE‘?‘i’é?F' E‘P(é‘legta‘li’ﬁ Q})‘F‘%ae"é‘ﬂ’ H’W“’Bé’vﬂeﬁ @Péﬁ%’@%“ﬂ’f@“'ated '" L

accunul af"® 9
coupl &4 ?ﬁ‘i"“l ﬂ%‘eﬁ‘é ° tltg’ég{‘ rese:ga‘g{, ‘Hri‘“ e’c?ﬁ&ﬁ‘ r? ‘E e amng
genglns 34 actlon I&F:'ftth n{ %é%éﬁp () eﬁp?% {Btf db l?( ns 9 A
he
Wien t hemg n hQu om%ﬁ,s& E&F& pd&ieid of ésdcéndt Hﬁty Hﬁ@
OVer 'ty T, tﬁ&m&s&@h&ﬁ%&ns :ﬁ\{ﬁi-l thééﬂé‘rgé‘ﬁ%ﬁé%@d?ﬁ‘r@&merﬁ%ﬁfs i Bronght B3R Intd Kafa ééaét?
the neasib aBBASd Rl RevhiehS poird tblAEslrbiter® sighs! PBES adliatddd S GRantlibs Ghiﬂfn%rsn&edeﬂ LI
t 0 1 et ur ghatgd Packes of1inb aist £1a sbédnd PElartisd I8 edpRIBertVE theSsehSB PRGMBERA rhe/ckbhuld- he -
par anet efion of BR¥gD ih he aneaiifenBat MENSBL is pEbidrablycdoRmmibus aind Adt WerRaicillp eergeNBhdtah g
means 18acciitugation ab chiagyetratketsbetich dddesds) the tampurft eelivaticie balesuesthd accdmujatian firi thy ~ or
nunbems ofreashvamere Mok 84 ds cArrieidhferwhidr tg tthep Bdxt metspremehtaintarvale This eareving Upwhrelt af on - ’
of char gehaige imireveraeruiacye AN soverglaneas@emenh cyciehailong tetraaveragy valve ofdrsommberfof .~~~
char ge pehetgetrachets topds toward gel apayfater yalup represopipliyp job dhodwensed Ratemelep heayseramell -
means 3430gymylationsof caiger Rpeksisn e @eAREBMPPIITREAT St AY Zpreedpub angHest pidbaendiof g .
bal\aﬂce %‘EPast"ﬁ'@e@QP'@ét%a’P é\?’éfd "99\[??"(,3!1" aﬁ?ﬁaf%eeeﬂeagﬁ?seemw interyghal 28 S

act uaféd, UEH oA ;Sé 5Py 0?%:'469 i
Second p:@ Ex geang onlggﬁ §§ @1«0 En gl eﬁ% fe’; 0 nu

tion of % ' outplit %&'ﬂ &gh Oééﬁp@‘{%g not
per i odi c AR GRE e e S Lk 5F B80S
the aupUbardehl Yo/t ;9 AR IS Ry ol B @eans

34 is Caﬁrﬁdtﬁﬂg B4R Buthid, atéaeau B30 oA KIS E3RHed bR akdbigital St Carrying -
forward of i Rl @F ah BRBENAM BF 6 Wagkeiived possufCtinsiiterBoR6IgbRIBND FIG.CY BSshowh. | ong )
t er m averagence abidberoin FIGIE that ikanhe SimeGd e tleRAdiiinbert AIFIG. 1 iaslfyCbofdsporamyl at e
val ue repa@sent ati ve of the sensed parameter because small accumnul ati ons of

char geo pac lireths embodiniest oS @1 ecapattiverprasssreIdnsaindr MA sepsos agtbsaund P fndidatbdatt14at

t he end @i providsa swariabiee ndpagier 19 chavitgue @pagitanps tGkadndc arvariablb fapaditar d3 thevig Aect

a succeechpanijance £t @rchiremesentative pirbssure.(The genaratingmeans 1& tegpives sipratl Elcanti E@ froh t he
nunber of fepdhagk meang 2 fns custrellingipyitghes PAER®102 tpprovidedexgitaiendp theispisol WAcoupl ed on

line 8 to dhe Betpdis crrpiaddo the oonerating oD I &Y lige 4214R 8T°V'F"eﬁ F‘E@éﬁ?‘&fqm""d’lf “‘P he

par amét efoniey péesF %15 d&tge’i‘?éaél?Ps mﬂ%‘sd XPilaen gy 52" °' t5p logig cireyit 108

E R A
O

t he out pUtP 5?"9%51‘“ iy readout sﬁf’gg fierepy pr ox??mlsng ) és)l gnal

on line 42 representative of the 45 paraneter. Alternatively, the output .
means 38 can receive the output signal3on |ine 8 and be a neans for
produci ng an anal og output, a serial digital output, or a conbined analog
and digital output. In FIG 2, an enmbodinent of a capacitive pressure
transmtter correspondl ng to FIG 1 |s shown Reference nunbers |n FIG 2

o 1 o~



EP 0 303 615 Bl designed to have a structure which provides for very | ow.
Ieakage currents when they are open and which transfers a m ni mal anount:  of .
parasitic charge fromthe gate wpagu@wisgied. Desired MOS transni ssion gate
char\agt eristics are a | eakage current of less than 1 pico anpere in an

"off" state and a charge transfer of |ess than .05 pico coul onbs when

SW t chedbsigiéddh hayp atstrectigevwhicthn provides far|very dawv bﬂcauﬁ)upbﬂs whepribdysardogped and which - -«
appl i cétrangers @fmipimpli agtpuctrof ‘parasitic eharg from kb gate wivorawilched Dosigd MO prnsmigsien gnal s g
by appl9ateahpragterisics #rg aigpkage cugent pilgssithand picg@meern in 2 "offryiate angra chergetragplen he
swi t ch. of 4 tteaedS Piso %HW@OW%r%‘@P@s‘@G“ 9b dacTitehes |is; clpyed o 19 Q)?@'?a!sa‘we

nmanné&r 2PBlicglop of 2 highpratl o lovel ?'\9 4 fosstop\goupling signalg By f"?péi‘f?g?ﬂﬂf jowon 20™ i d| ng
desi recf°33?c?P‘f {'P °‘tQ?t°t‘1’§'ﬁ§ 'E? '1? 1°°§RPt1%a'iﬁ'Bsef’§°°é'F 5'@ '°5%fa 9y to -

coupl e [ %ajzn 8;"(;5& u | légg"i tﬁ ance -
/]A-\#SI t he? uce ;he eb §no lﬁa |as on l r&)12 O@ é%mf% %gfer 120 "‘

I st
coupl eif 4;9 ?m padaa o@ ﬁ&ﬁ’%'sc% N j‘%&iﬂé&
par anet éaef'ls iOW4!i ngﬁ\e RSE’H@WWB t9'60 Ui)gck@t e
CapaCI tr@ﬂ'gé% Qﬁb'sgénséd)%rﬁm&érrm E r 147§ HdDSEAK ORB 30éh rBaE: s

SWi t chegendkdibd &iife 32Bintrespbiiat I daciadilatidnGe tha Ak omoRNgRS 2B Aflow\e ciidfgeloR @nesens ed
par afetaan’ is red frogunidhdl Qb tel Seriséd bieBsare3B/Ato 08 EnufbierofCElicEfonp 3 KeGluatiofis of
gener atreghswémdnt tutpuB 2B\ td drefeadEidRatial coupled i’ et andno thé cipadtam@&Iur enent -~ -

si gnal 28in fdedbdck\weads &; laasference ogici aireuiti 160 Bidvidasighdiisl B1 pmcORSiot cantnaliing iswitchéise
sensed 152.c4,ut56 dad 169 as lslown umibte: 20Firstip pvitches i1 BiNandof58 aacst ciesed dhegebp fcoupling
measur esapattior J63 petveen Goferprre potoutialsr-t\hend b cammanzand sioningl ao¢haige os @gapacitot 453 and
to ‘the f@ama% Faragiterce (G2, whilysvitched 16-30d 1E%are open. Becprdiye pdistes 158 gidc1SE precipsed 150
provi de'~‘§“l§'1‘ PRRpaitordH3 aﬁtueqazefﬁfevce@eﬁefiablv|ar‘% °§ﬁn"’t"@fﬁé’§°h£5254 a!! 2158 aiesweaﬂ-a’ 158
as s hov@n"i"'f‘ia PT %'ia'QQ 's Pps fg"fqh W lipg, fing. 5%3“%{}"%'

coupl | ac ° %P’éﬁ ?’8‘??3;?‘:)%7’ Ef’e EMH and. .

st Orl n %?é seco on % o opp |te Ches

152 an ’Il’l '% |n ?’a?o? d ng-
9 o lwo" s

Capac' t 'ap o§i 9%?9% i) S 154 -
a)a{eme rz-ﬁ’orﬁ@@ " Gpdo§te I 'ﬁﬁ ﬁé&ﬁ& 1'eatcem r‘s&eange’br_ s

Th' S SVMnIp kg rﬁﬁﬁ&ﬁ&?ﬁupb&n&qﬁﬁdm )65%3@ atoPcaBictd! 168 c6tpiing \bevesle |

of char@uPht 188 bf Sipiific? 16 dnd theIMbriRy MFLR 163 & BADIRbIO168. A AR LIRES cdpadieiNiesd | t o

t he capRGpiddarfethshvetingaaiuatastio b ndbidvering inpli0166 R arhiiiiest 62 GdiciDik alséiCouplRE Rt | O, . _

of swi tph esmnidnd11anThel bibgrafdb 160 accirlatési thaige Jiacken| coopled ommeamc'mﬂslstdsecond

si gnal provides awe ingatar rsighd! @t infegeatop oBtbutCIBR GiE Iscrepresentaiiveyof Site tHarge actuenufatedst ™~

si gnal 'Intbgrateresignain 168nis axgupladoto ahGifiverting dnpfiti 169t of chomparatbrotV0a A chon-inesring Gunwtl o6 i gnal.

char ge somparatprt78¢js goupled IR foferances patential. prieferably i Rfh comprpans i i0e Theneonfparator 170 - -

direct |°GWPa"q5h@° fexe) of thgeiparaier Signplci§8 Iothe safviengs potaptial Epmpmw@qsyh%mwwa-ct ed - -

at t her;‘ﬁ‘ﬁt ?-Q)P ling G5 ingigative ok e golariy ¥ nipgsRYisianal 768 4ith toprest o hacrelere®yr at or

160 co |ifier 162 havin h i e ance inputs 163 and 165 and

an \it egréf'wd(?ﬁiﬁgﬂ:n& Br‘hel%sjﬁg'l?bfﬁ ‘f"ﬂ'@gﬁzg‘t gé‘@ Wan out put 168 of anplifier

162 #nd the inverti ng input 163 of anplifier 162. A noise bypass capacitor

166 1s coupl ed fr t he k pput 63 to _a on |nvert|ng I nput 165 of
anplifier 162 V\:hl i am #2-THe integrator 160 -
accunul ates charge packets coupl ed on I es eﬁAca. 36A and' provides an . ..
i ntegrator signal at integrator output 168 that representative of the
charge accumul ated. Integrator signal 168 is coupl ed to an inverting |nput
169 of wmessparator 170; a non-inverting input of 35 conparator 170 is

coupl ed @ a is efots fwoet clapjecontined2A dorirgfaain@bhtytvdDT; conmon 110. The conpar at or
170 conpaies i¢ the glaptitg br mimbbrint chargeagekats on lirel Zvathe B8 intevat The r ef er ence

© pot emt i alc1110s thedapgeiardechbeapaditer TEasure- nent signal 28 to |ine 28A

i ndi cati VB ofis thh@Opmlahﬂlﬁmncabetwvﬂnegpfamsrpomtyha’rV ayB-Vrplied te switsbes 109 anche

reference pot'®&tial 110. A flow of charge in the first signal 32 on line
32A i s s@st dhe Fappeitgnca@f pgssure sensing kgpp (@ TVR) 2 [err] 45 where:
QL _is &t or'sP SPPURRGgrf ey oagls) el F?pﬁ%mg A during a time interval T; NL

&FPsiMhcket s on 1ine 32|nthet|m9|nterval

|s tfe quiRrtey 9f Gpon GroRlineyP
SO he e aci tance of capaC|tor 117; VR is the potenti al
< hoxonl T Y

di fference ?erence potentials + V and -V applied to switches 100
and 102;; CH is a capacitance of pressure sensing capacitor 15; and CL
is a capacitance of pressure sensi ng capaC| tor 13. 65 The fl ow of

charge @ on line 36A is substantialbly Q@ (N2) (C2) (VR Eq. 2 4



EP 0 303 615 Bl where: @ Is a total flow of charge on |ine 36A dur-i_--rtg,-.-.'-"
the time interval ‘T, N2 is the quantity or number of charge packets om:
line 36 during the tine interval ERoBd3 6151 a frequency at which circuit?
150 \act uates switches 152 and 156; C2 is the capacitance of capacitor:

153; and VR is the potential difference between reference potentials +V.
and -V aphdre:ed to switches 152 and 154. The integrator 160 is repetltlvely ez
r ebal anced@o istedetalfiow nkcharge on ine ek dwingithatimeg intavat Tie i nt egrat or over a - o
series of c| Bdhagjuantiycor iumiann plgheraq paskelaul ling 86 duiing e tmeisterein® i nt er val

Hence, thef haP%’eE@f"FVsat@B'ﬁ'E ?'GP'F@B“MSC?‘"%‘%F&S"B‘E) antially the charge. o

Conbi ng di scT oses S

et ol ovrPng P reamt emﬂarem[eaqueewmce  potonisls +v(32nd ‘{Eﬁ'qdq?ﬁ@‘ B 3

above sho s I’ltll)a r})dne9 ha Oﬂr ca nc S apgl the
nurber 20 yogar :*t'ré e ey 0 5%% B,
counti Yo king - .
N2 a fﬁng-gd, b n th bg‘%%%mi s316 are propor |onaI tfoﬁt he
sane reference potentr VR but th|s reference potential termVR is T Y
cancel l ed out in the above equation 3 defining a number of charge packets. .

that - is substantlall I ndependent  of t e ref erenge potential over an

oper atss ng range. |ta'hc&_l.‘.Lb 1canCRBeChel ect eBqt.03have _
substantial ly matched 25 tenppt@ipre characeégisgt]cs, so that vari ations o
with tenperature of G in the nunerator are canc led out by simlar

variations with tenperature of C2 in the denoninator of the above equatlon o
maki ng t he ThaiFtuationcT agve shows thiat M2nis gvbstantiaijdependentconly onsenagitanses angd the number - 7
t r aashf t ffeharge packaty Ny Theripember i can Weﬂmroge@tmcv@m t@%"%%?*aﬂﬂls?sa‘t‘a Quera -- - -
i ndepend@?‘?ﬁta'lif'“’t"}‘?é"'ééf@@f’ B raking N2 a iy Ftiand CheB ropgrtional

O{)/er at r[ n F'%)P ’°f9é‘?‘|‘8% p°‘?'h‘$ (I?;é'ci“ | pg ﬁaa‘rf' E?émdFje ';rcté% %;%}9': ? é'??f’? al-
-V inste aal

i f’} d:p réq ta Cas ca sale su g?n
ggggg;zgagﬁ, el % ﬁt@ %L mﬁgst .nﬁf),nume o o cam ; be, of

proporti rt .nt S tw nah Qredid ot n i 3o DE
seen th allyUAdeBEnabE of fhe 36k SVQF aﬂthd %e%ﬁnﬁé’&l&eovg' a’t\ eﬁﬁﬁ riHge. Hence, -
subst ant ihakéréetddﬁ&erwaﬁl 28hb ré¥rerch BotbrREIEV GRIBEI R M EciinfonIdVel sREVRN vHah amplifiers
t enpekat 180£162fand Béindaraln 370 dré @dsigheEto opdtatd REIGV3Isined thedNGteretcd pbtbital. $he bt NQ
rel ati on@hi CE/(0CEECER I thhabovetegadtion & progogiondl tdl h8,prdshife FEPlisH @b Bansdadet) A, 28
and t he Béncsiitgeanlt® dslen tHa theBumBdr, NSB deperiébi®. on2tha ipeesainD Rnantd recaa bb isobsteptially
di agr am ihdependdntiof the refarsrice pdi@Tials andrapwienttemporatue eftiiser transiojttdr OvBMBRORerating FAQes hovvn e
at "182. A"¥ebiGnd timirigsrela@ushins hetweemthe indegratoy signal 368, dife mépsurpment gigeal 88 asd Heal =~
168 antl signsis|BIcEd P, IStn33 of 1IRIG Zpypishav in @ timing dipgrem Hdeh tirshexiy 1i9ueprespnts gpe
conpar at HartingFpm arfee v git186 A s9pond Ak Li4Jopsesenth adeyel 186 efiihe inlagratarsigngl 768 he--
| nt egr at ¥ qeﬂe@teadgeé aopfiqek @d?%ﬂ%’"‘@ﬂ'gﬁtéﬂp“‘l v comeprets 170 E’le plication pf 5

t vepaéﬂ‘% f{ﬁ'ﬁ'f 3F‘h ne PRIy 1(9?

| t d® f' ﬁ‘ﬁ?ﬁ‘ lgg mliggm b f::ﬁe@' ‘Bl:('%‘ﬁ e"P ed m
Se e
T T “:uartr? s Eir e 53;@ ;gm

in FIG hﬁrsﬁF%v‘drléreéE?B acﬁ:hﬂ&‘ sﬂ&n a4 %o@& %M@h 91%2 tah@ dfsbrafgd! th§ s

108, andgombthation opb@%ﬂeseﬁs}w@%ba%n 13 &rd, 15 Bvnile kwidhth oD% dissed BgHAN Blidladkl
Fi rst Ly, snowg i3 klcldss safichUds, Qeiusiig &rb 8k atdho jhiflor & calaBiBR: fBVHn& @hmk@é’s@mty
di schar gme Dbaommbh RSel @ 00YISighal iS2GRovWH at PYEKES WBIE sWRDASIH B GloSsa[Aakrgl this Smd & dharde 15.
Whi | e swedbaditor1i02 td &firetl Io@bdt,a siing) oA lineBl 2i1 SARAICEwiteHos 1022 306%dnd 3 D sa opened, Signdl &1
cl ose swistacthatddD$s, shawlj at9Pé togeherhe th iseries atmbiration of pessupmsenéingcapaiors 03 and1® tand
15 to subhs redaerice pbigntialh EheD@rienspmbinatiop wetapaclitrs 18ianth & orsftes e wreagecitiieoDtantial
hel d g divider 2ndthe [peiential rievided §Y thaissnspr HA anordveteyE ie deferaiined by pregsutecsepsitive r st
I evel of cagacpngpmCH gpd (O} ged hepge thapplentialgR qopduster 101 reprerentalive) of pressurp-cAmpliianed,
si gnal E120jpeovides il%fi"é'@d QuiPut iR aRaciier 110 eubeantially-gaydl tq He palential @8 congHeer s Frgh. of
pressur es'@é“rﬁ1 *E:' 6 Shaws at 202 Tﬂ atpéc'ieh%f UILIeRTanta ‘f?t% Hﬁpatm%f@ws

fr aﬂow
pot ontt 4 Pg q&s Far e g '“ggﬁ%gatﬁ T oo Tt
d arge 19 egr ¥d0 put ev d
ﬁgﬂcgci ﬁého% a |. £cﬁet§r‘3£l§rte dnﬁggfe i?ﬂa% @ an
go pr (5‘V|all es a %&re out pu ‘Gﬁm ? suEs A qen

Anpllfler °7 to capacrtor tanti a

equal to the potential on conductor 17. Finally, signal Sl1 closes smntch
116 as shown at 202 and a packet of clfarge representative of the paraneter
flows on line 32A to the integrator 160 from capacitor 117. The fl ow of
charge on line 32A may be seen as a flow 55 of positive charge fromthe
|ntegrator 160 to the capacrtor 117 or aIternatlver may be seen as a

A NN ——r



EP 0 303 615 Bl the neasurenent signal is again actuated as shown at 208

and the*cycle, is repeated. In FIG 4, an enbodi nent of out put means 38

correspondl ng to FIG 2 is showgp ¢3u3mis BTEans 38 receives signals on line’
8 répresentative of the nunmbers N1 and N2 and provides a transnitter output
signal to an output bus 42 conpatible with a standardi zed serial digital _
dat a buke méasurement sighebidiagaimactugied amshonn 1208 argl thelcyclp ipyefetedback neans 9 -
provi des B M@l 4en smbadiment of peri mens; Qﬁecoﬂ’ﬁsppwgcfaﬂﬁ i2 i shawnn Qutprid meang] 38+ N2) LT
of char'geivpniignals on fne §iopresenistiverdf the aumiers N e NIEnd pravides g easmitier %tmsmna' o
repres éﬂ?’é\?ﬂ%bﬁfﬂtq‘i@pﬂ'ﬁ'ﬁﬂ@? a Rjpndaydizpd, serig digf é’ﬂ'éPgs irthe ?T’éb"f"f“P%‘tsﬁG inFIG; to
l.i ne *8e Menfegsogck ‘ﬂea"fﬁe"'%’l ﬁlp ?\s'F'i'ahée gontative. gf ét&“"t'%° nupRar QLN of

count er® ch Q'P ﬂf fag g aqu ?lé'F"aﬁ?Ereﬁ fﬁ“’p’%‘F‘PB’d"l?ﬁﬁ 9° t han

the si ff9 t.y tT I | e ing ut
4 th coupgd ?o vude b unter % w cgu Fov % 98 P
256 10 égz i a%tga nhi % fﬁ%n%. oy nfg i ] @i%f ?2 et
.to a,c iﬁ%‘g&t 85 lied ofo t
mul t1 b +h lats% .ba%t cH .§ rspeasrﬁa%%ttfqta ve of

the seng Pree@wrrﬁe digifaPwdid o4 e atwetsdzeerb atc ROinput petESBR1IRE &kt DY -2
first pagisdrloeh. A Bomb 164Y Lircdib2560bcehbd & Wath egas&@fan é’rﬁﬂm 263 aRNd EHRd sdidRBignal
circui t"ca%nrnacevo/%mahdatuancuusmb AlrgEiidly 2712 isl ) Riset Gffogiditined ithddly WAk Gd
si gnal préghimned th tonin’déth dhiradarizing the sbraoit 148 146d $a trardmieNTY. Buch ZRaraclorizing Gedel
pr ogr amaydncieiatinearityitostanis siddriifiqationgumbere cind spanantl aermn talpbatucheeliciénes ofzheng t he
sensor sevsér #Ad Dath stoted dm swinory 272 [sGransBuneil viairaraliat bay 274ite g seandipavallpl input bertle -
| i near 147§ otshiftyegister £64. \Whem a¢tisted by iasignal gnvbiip selechiing 280 the cantu! logi¢ dircuibeepiediaat ur e
coef f i anasens273fvia fine 298 ead counten\254Dda BpesdBy e drovide pesalel Jateprppropesting the sgnsed ed- -
Vi a—garfarameter m&’sthe F@'W“%?"‘%’\e%anﬁ tﬁr’aﬁﬂ'#‘ﬁl 264, n‘[d?.ﬁ‘fm'r!?ﬂ"t °“2‘7't52‘i§f‘h§h?°r‘¥°'sr %’g{)st er: -
264.. V\Vf%Qts‘%té% data iy inecshi %?’é&'ta“ir Py an bnp286 Fugp N

ClOU o i s'ggf degmegt gy t?afegeéﬁgvgﬁ?éspﬁ 'mz 8ﬁ8° : CE';H e A

char gct'e| PatEon Aaba vfot =5 aﬁt g3 5l ;%i ﬁt,t,q'me gl b%settf ntnﬁ@ then
negb e on ‘ﬂoﬁ: 0 otdhtal -
regl st 619 §P&ide i Mt d y'aﬁ]ofstﬁ(m ﬁlWEbztﬁhénQﬁbrW? al:InEﬁe po sPCk

cont rolg,

si gnal iQégrdtddSreaibR- pr&.dseeres.eh IGhPbAveM BnSunipior: GHiRLAior Olis Prafetabl) @net&ibod iy £h -
cont ai Nwo-Wind, 3-20 MANIRBEH Sdnitr¥iRuRdnt bbbl LIREYIBE,C70,286) 1784 &id 288 6bnthAbeda 5-wire output

I epr S ek a2 torfdanble Withex ritiodrocdbsRi-baséd, icbipdvana irdtidrientt Ored in nenory 272. 25"

Li nes 288Inawa] 528 Gircpk 600 islshown Whidid bdn coupYiy lies d70; 682 288N 288 2O LI it fivé wiesn t he™

dat a bustptidbut K2 stiowa ivsFiGi.t4 Circuit Beidgrtipr wit the cirvoieof FBR 4icen enngxrigH ahantitplitrnesamd | nes
288 andor2a®iding ap puriogdetret oDE cerabied Fnaief apd digitak oygoit.en¢amplting hibaiwso308. preferatily v . i n
t r ans icomprising @ migtodeniralier tynel GRP444Q manpfagtyred by Natignal Bgmiesindyctay ﬁemmttoe.rre@tyes S

f abr ?5c & %ﬂa' A3 yard\a0e serigt iggyt 494ctEpmeline 288 of datg byp 4% Indesparsgite ectpation ot

consunpife &9 by thessoawryting geans30p §" FéY'EP'a’!ﬁ NV i datariasly signal opling2 ACEP?'QO rrA '
| ndust r“i'°31‘s 2%Bn# r"?ﬂ'“° u'i"t*’é‘ﬁt30 ‘"E?’rfe%a“? 3 a’%?@"""é%‘“"%@"‘é’ﬁ% means 308 or i- ser -
- Wi rs@p 0iop f‘“°§ '%p"ﬁ?scar'l?ﬁ o) or Y, Slaring alterabl
I:)c’}ro %&3 smu_ﬁl n 'cs c ﬁ sd;gtzh imer r‘:: senses wren?io%%‘ﬁi%oum €
& ovvn
n FI C:"pro ide s n Q thIa Q&%U méﬂns Qnogd:l:: 0 floﬁ?t{s g»%\g b HAR hyse an

out put a@ﬁﬁ&ﬁto d?JvudB la Q] 1) Eonpiliind aRéJsdé‘é b a Mnsﬁhtt iOfd a6to

~di gi t aligvgt!isRiddh 373 ERMTRY WahtBiy eafted3@ 2provitteth QigAd | 1y &QF’RB %d&ﬂs 302 seiting a

M Cr BC Qrahdnitter Qlitplit \AGradtéiBttHd @ 1R Beafoasit"ggan® 1o, DigdidyOn8lis SeRbEBRGY GhAputing

Cor por aiidafis1302r 1 Gedeiv® Sand Tisplay A& ifradn ddabdting\Griednsa 8020 p&tduiady aicOipant valddoff thom

| i ne 286nsedl paainete s Clitk i306 p@taablySe@mprses @t angstdl oscillator & icpcidgl e opdratioe o270 by

t he corrpupbutingmeana A6 S0 dtharwbriions of yhewlatpatrdrauwtt | on with t he data cl ock signal

on |ine 2&@ataAvord represamativesof IBGsensed rparemelpr received f@ﬂelmrﬂaﬁ and constantsrstared 810

ar e WoUAMSH mepns BB a&)\%ﬂ dita tp gempviing FRaNst3F2 oy EngAsCr L word rgpreqepyietive of

conput ithey Seneech garamaterp (Tye JoBuUlc Werd rPyesentafive g3 -t Senspd @araEeier F ouelpd iy the

al ter atﬁP’ép‘E'Bﬁgteﬂﬁtf?"\/\A‘ﬁ Eq‘fa'c"@ﬁ’t"r P o Aigirbiorapaleg convpiien 318:A1gng ling, 3205 GeMPUYRY span

and zer"EPa“ ?A%{’?%e p &he quiputd ‘ﬁP"i'léy F‘l’"('ﬁ‘i’?’h‘éfr?o? ' ?PE‘ ?H‘p"FP'G 4
Ol

Ti mer 5:::V ﬁﬁ’%} Via Im % ?t’cff’ ﬁo u%‘

302 ﬁas‘iom Utln%me n: %5{!%\/ é: 6
ot ‘; anef I y co pls s a @fﬁﬁé man actu en;adr d seml freans
302 “whaamend t&rcﬁcﬁ% A0H B optesom ; aaggrwra J qf?e -

provi de a slgna?hto conput I ng neans 3 2 set |ng a transnttter outpu
characteristic to a "zero" level. Switch 314 can be nmanual |y actuated to
-provide a signal to conputing means 802 setting a 45 transmtter output
characteristic to a full scale or "span" level. Display 316 is connectable
~to conputing neans 302 to receive and di splay data from conputi ng neans
'.302 partlcularly a current value of the sensed paraneter 12 Clock 306



55 conputing neans 302 is also coupled to the converter 318 via line 268-to - #4*
support “operation-of converter 318. The converter 318 preferably conprises ==
a type 9706 nanufactured by Fair i §doseis gpnductor. Converter 318 couples:. -
an awad og out put representative of the sensed paraneter on-line 326 to
regulator circuit 330. Regulator circuit 330 receives the anal og out put
I epr esensaft andecontfolst 41¢-26 es@tpupauranebessentative iohthe Gensed pdranistds B tebdibalB3d32HR6 and . .
cont r ol s33%. The gwisorockcyi3300s exciier by thprde29amA atiput gungnt articprovisies edequlateamm at -
t er ni nal supBi2ndhraferediel potdtiel onegndueters 288 and P90 for 8BRYising the elicyityishoyn inrpireult 390 mMA

out put  cendtemeircuiintishovein FiS% 2and €qul at ed 5 vol t “supply and'reference o
pot ent§ al dHe &FAdTA LUPY HEE ahiprmiogls 339 and (734 i Qﬂefﬂgze? 3 aelemfmﬂwysemmsj Do

circuit S@ﬂ%“%ﬂqg‘a ;ﬂgi‘ﬁ'?hra(ﬁ%%’}* %ﬁ%ﬂ@é@aﬁgmzn s an H‘}i% 4- i20 m
out put curr . .
soulroce 3 @t" 3:5 Py W‘%‘a' a“ § | n_
FIG s ﬁ?%g.m gﬁa { ok b& Rﬁﬁ ‘:,é* r'ﬂ:
digit QI 8o mbﬁéa‘i%ﬁ b 'hﬁ -c“ w S f'

h .
comuni C§6 %§t E‘a\’{eﬁﬁn ; F%R@% éu u?thBS’c&u ﬁd"a‘lon%%&@%ﬁ Fnd’ §§1tto 00!3
as showngdyie Ehﬁwhl& Mh'ﬁe&ﬁ@g 8é QMalyslleIriP bto%i8S a Peabidtit 6f dFlaGRmcomputing '
manuf gt mead 30%, hb tF8R hstgnan BoriMbdsbd 8iHthe GRipX difrerit IdoB lid SHlecddlkcdhadl b thighleRdlgh | L.ne

346 to ambiukiibiafrédiienti iafidia PwOsnbwlh ampitudeSdempired fottAd 820 YhASSignbit sutEBif G does hall

out put  c subptsieiydimerfereeitholent Medstremene githatuasntadopcui t 330. The regul at or

circuit supes idagmsd daheist-Sbupiel g FSK s@ial ddwe signal Rprosghtativit pfld cammand fmomnsatid 332 .
and 334. cofeunie8idn slevi¢ead44ilogg dikesi 52 tahdk BS4cioUild @gulaidr(ddg. Thisrsignal3gResentgtiveStlat 0 a
deN-¢/@o 3aemmsgntl G4 theenesupiec frem reguiiton 330 de emeriulator 386G jalong djrra B62: Dempdiatal 368
readout @gmaduietes the sam@endTianplRYd PEVidessm seriglpmmaprbsignaictodheyEA 344, pleng; 'm@%d on’
t he out pifte "(‘,‘?Jﬁ P‘Qw'tec?"(% ﬁ‘el Sg"% e?r@eqnealge%frm\';@ 364 HP‘QH’%%G fhCOTRANG 10 GopRuting.

e

f requencg;@%{‘ﬁ |sfgq é°°8'85?fjpféﬂ"e‘6°"l° f‘h@"ﬁ’e Sepdix °§’PEH‘?39 "‘g‘?!i’éh :

that it ia % cruut nln is S| nrr§ uremgne i

cureoft Vol WELALTR O ,.aﬁe,aé %@: %5 iy @éd;;am
lrfaﬁregsgg e o Ak 's‘ﬁaﬁ . egaper °8§V° P 20 L
COMMENd b SeddHhidhOMRI R ltBrrnSWLI{ %ma" e.cg:as.% aﬁ ARAOM i a%i? m&s e T

362.  [gpnRebiaiNeR! bridgd cift G BEbLh B @ résidEtn eSdong HSmperadrb Shsitive rSsididr r’ﬂ” - ""'““"
comrand o hdihg b Procde t&%ém%@adhﬁ%ﬂ@:ﬂ%@% oxéitdd by ﬁitogg 2,084, 88 amd dBSwhiche -
serial Cednnae the Briggaadircditto el suprdy Potehtialds OV ividesndubtos 300 BAdE3ed. The bEaYEBSLi-NY -
means 30grovided abxighal 3éReserltilive otharsansbdiagamater cobpled vreltheé B®INand 396 amplifier C2DNAbe. -
used by fedback lesigange 3985 caBidling dheadainef amplifieroy2@ isatoupied ofamplifier 120auieslives 898rand O~ -z
25 | 3% n4q0| Bre feedback r@bisteance 308 iscudferelilyrdisnosest adjdgent do puidge 1389 such dhveh the rfecabagk 2_ Ll
i s shownresiptarce 398 sad (st ipeesr & PerionFyf Bridgp 889a¢an cheemetphed dm NasnpaEsture gy empesature
nunber s Pagflicipatof msistanes o migimize updesived elicifpt proemhigngtomperpuE jogthedridge. sensor - =
Conpr i ses é)ﬂweegvrgqnﬁ \?é“‘Brcf 't‘ F %§d’8€’é‘P apalogoyly asadeacribed i sagnention 9 FIGSe2i g

responsi ¥ ganergisd apgRrpiqes \?é’a‘ﬁlﬂ ?I E“"%‘i ?Eﬂ?ﬁ‘wyﬁ%ﬂ%‘an
conpr i*8 esegs 5%’ 'aﬁnt e §$g?aﬂs%§n;ai§%q %“ heost o G
gan be ai n¥ula s rtm [ 6 ovi e%aa%mgfﬁ na on hne 28A

i fferen e%an e hhes bicke @

I
resisti Vﬁxe '9 ﬁGC@HR\BAu% erﬁnohﬁmﬂ%él Eé?s &ﬁmﬁ '3§A Ve resi St or Or Sens' ng a
process t enpeigal Uit embddintdlEoiCd frandktor3s Gndicted gohdraiy 20 ¥%0.SAVbraR&s 538sich 384,
386 and g8ssureiu Qﬁpl@@ﬂm pds§¥Qovitly 56 @FseRdor 64)iThe EddsdrB® ¢ i8po42Q lirP¥dnbritttor 50 V
and -V VbrahterAaliGeht £0 b8 iosed Bmdteld %rdm trammitleF 500kg Rrosidd repioR\seftRg. a Si gnal : e
r epr esent atGeneating mehres sBajea@steA irdNBinall 72CaUinb @2A @hicH is ngBes3idfive BitheSParketer ..~ . . -
anpl i fi es2. IRDfirstAighaigdlbadihe T2AJIravidesncergs PBekes kdmmising By arhduvet ¢ ahargeobpresepthlivei er
120 i so coiutiyd prshmieter S2rpiring iadirst A inteival dontraie BOBe teRdhackIboah®89. GBheratihg eeimm®R
resi st ande @hGaipsa peoefccsigol on lide IGfowhich intipersetative o terdackgeteB8) Thaieshordtsignalt he
f eedbackon ngj 764 pravides3ggrog mackafs cpreyising an poeunt ofrchere impregentatisBof thepardrestardched
i n t enpefulipg A 8oRAE e Wf?é’ﬁ'aﬁ"ﬁ?’@“ @%]ﬂfel figst e ingerval. é%‘l"§‘!°&r‘i’déhetfeeql??‘}'ﬂ'¢ﬁa¥e59 A
undesi r eUsteHaF'@& fs"“&’ﬂe Bividgddvehe r7§th6? ef-fahpoa%e e it °“'®t°ﬁéﬁ‘a d’l‘ #4Bns

( the it ictesrth vy 2 RO PRV o
o ' e o B 2 se%gé?f%m ?p@ﬁatﬁ PR o 2 e S CLORR o

d.p h
provi desseaconp e% ecﬁ‘easeﬁw't & mcr nta 05eg B3P RE- 40 sensed parameter In

response to each act uatlon of a neasurerrent signal 28. A second signal on
line 36A is generated and provi des packets of charge as controlled by the
-f eedback neans 9. Measurenment nmeans 34 in FIG 6 accunul ates charge from

| i nes 32A and 36A and provi des a neasurenent signal on |ine 28A
representative of the sensed parameter 12. Measurenent signal 28 is coupl ed
-on. I|ne 28A back to feedback means 9 in FI G 6 to control generatlon of

o 1 o~



50 of "the paranmeter 52 during a first time interval controlled by the

f eedback neans 59.° Generating neans 58 al so generates a second si gnal on.
line 76A which is represent ati vepQfsgsigspqr aneter 52. The second signal on.
| i ne\Z6A provi des charge packets conprising an amount of charge
representative of the paranmeter 52 during a second tine interval, different
fromt he Ainicasurémene misdiriseT4vaicymuttest dherigb @dmbiiie Sirals’ areiHea TRA A MEA. 5919:1 Anhd i st
packet aoéurmlationge clergefratetio ltisst Sigral dni ling 724 ingiaheadiretnarg maarfsi 74 fcreasdls as & fingt and:

f he antseittedblevat daringehe firststinshin®ebvalf the srieagueamient signaicd8cansiipe 66A tshactimted inca dratse | n
t he serdiyecop Jhexmessuremsit sighal $8 isorauplestlzkicto tief feerhagkgreans §8/anddne fhadbadienescond -
si gnél SPaeshensis ip ek agistipnobyanding the digshiims intervellgad $tarting theyesicend; time intervhl.tDydnga nount
of char schdw@ﬁ“tsféﬂdhﬁjmﬁ%ﬁw@?mmse@saéguw% charoe frin thasecopgisignab7bentsed
par aret! 305:2'""'#10" of ghargg d&e'saseis’ Biecw%%f’ éﬁYﬁ'nE""?F%’lirﬁ'Qm'/‘ﬁe &'&fciﬂ?ﬁ?%deé@

char ge YWhe d | ﬁ" oppeRt SigRek

h r?ca e sf-rst i Aourton in s secqnd d |
char ge o °°F?5F ik ey é°\fé?1§‘ %gbyteﬁé'? W&mﬁ% 'r“ﬁ@pggo P

measur & i A fSe 954 YR 56k bebim And bl MGk 158 The
rreasurésé@%}emug{' "9?91 @ (2 ?ifgﬁseg "'%ﬁgﬁ
f eedbagy i #dSensra od 9c oo & thd e Mrer%&ﬁ' 5@&. wemf bsn%r»anﬁd me.

| Nt ef5V Fhoad 6B Srddhd femaékhﬁeaa@s@m d MBaslrdhét Yidhns 4Upbra@ t8daferSik @ idSe ubgge

I Nt er v abatighrifon 18 pRMES amm.emamnb‘éé A CHMGY bedkets whiEIPErd PeprdseHiiative) 6F e
si gnal pé@melii| the accumul ation of charge decreases to a second selected

| evel , di thfre. @nfbedbeiomednl 89 bonimisessdigitaicirautryl viic IreceMéictie nbBusmenisignsed et ed
I eveI ipBovidesapuised sighdteonTinas 60 emtelt thatiagapre®otaiive ofthb narhiagls ergraantitiésiof @hasgec ond
di r'egt ipackets ppavidied dytthee gérierating Weane 5B Buised THignaloifk pravidesrpulses tivieg stectrstctime
di r ect iingerval. Pulsedhsignel &1 ypravides Huisesidhuink thereecard th@ iGovalnd t he f eedback neans 59
responds ©wpus mepns/Streasiveoiie Byisedipighaiy 6 and 63 apd prynts jariEmbeytof puleep respivpddtoAY ti ng
anot hersigngl (68 tdutingi Mpssuempnf| imeTipterval ceniolnd\ Ry raitolebiimbien of Rytses regeived drombohy nes
72A ancf'g?%%s‘? AhP1 HBe sunkar 2f Pyl sr?'@‘ér%’"'ﬁ%’ ‘Pdeﬂ'??ém%%§ e REARetory Andy g

the ¥ é’ dk*’ae PPYIRSS §p of PR figef2A Pr!a?lng f?ﬂﬁ ontativey B fhig © 59
and tﬁ@ Wé?%&) i 'ﬁgﬁg lﬁ%@&ﬂ%&f ? ?9%? d?ﬁ?? o Sk et et o

si gnal QEJ‘ .i.Jagsehs%r %E%Qn% ré§ it §6H0 37 Kioh% ﬁ% PLObidde
measur ame A TpAng s BRkiZe aﬂ (opTaptn on g dbped's
pr Ovaodenequﬁé?ﬁdni dighal éeranal £§w.e os 5&&2@?&&%@&% o@&@aurcﬁwts%ﬁ%@u ve of
the sengqg@n ﬂ;ﬁmﬁ@tm& exchdion $igAal CKO RN U0 BRaMEFatedIrof N MEHeS 851 4 429 Rlipled :

Ci I CUi ti e YéMréride p&ERILIY @S/ dnl eV BRMSWY A ERIMHingiaghm shbkh A IFE. B MY IngkSdn amrplita@d
si gnal suissantidiy 6quabio aedrefide follial sticemn REPREATRAVNEI #1@ rédeivéd1Be BigEaD EKS of line

quant i t41@andajeneritey Mcnvyeas kigia CRID eiicid s dodpjed thinegty Gihaétion Gapathaites 6fS. anbPui7s ed T

si gnal ablg [e0tiB.dRfoningl rew o HIGSI Ngnd 8 ahef feadbackimeans Sddier praducesRignale GKEiGKal 61
provi déi3pod S64 aslshowndortcariroiieg antudtiani afrewiichesel2?, 224, 408 anuiLA20 raspattivelyGaind thess ves -
t he pulswitaiessire)praterabig MQFpecswitehasadsagribed abovainber of £ul ses received from
si gnal _60Whilgrthenexcitation-eignah @ffbistat e fower lpyst esrshewn @A indTI¢-el anshtheyoxcitatien signahber
of “pdl SED ip @b high dpvelras eheysr 34 437, diratianalo@i3aim @ctepted foha time ap showp t #738(te €l9sq hus
couni"ed‘”!t%‘ 418 i eodyst éﬁef"\% SBT'"gtq‘?é"eg Sh¥eas %éP%tcé?“'ta&Fﬂj572§’dd'ﬂ?aﬂ tCONREENs 78

pr ovi d&8pagian %@ i) 2 on i nre'e‘geg‘ rt4§ a pégent ative
of thi S lowe, %&rel% sgaldjn c[@sng %Ki 1&% ﬁ% ?ﬁ fﬁﬁi ed t 0
a read odirel a"bﬂ é’s LUaEa% ﬁwe&’ny .fl,%ctﬁ;ﬁ'& go L
Fl G.ﬁ.7 of é- “Q'mﬁﬁg‘gf rﬁ@ﬂﬁ&h&éﬂﬁﬁﬁm de endent
on the* sd?é 5‘&:§1H§ é‘apE’cnan é%nd Ey S5RNEKS AniePRERT ﬁ@%e@éb &%

di gi ta'reléﬂ@ﬂahié vitth ltHeUdignalVERTE BhiEC&@ioé e inBaRityS¢drrediiBR Sapa@iBRRN15 Shddg! THSprasy

cont r olrSatiosrig GildRS 16k 2dompBribatibd ot Gndesied | strayd BapR¥iahdeahdsbdiatedl WilhAprefded $emsiidne
Sensor chghcitks0sa0anki iSNECapddior B MaeX edidotikdi caphcitancnall 0@ ucitsan tb suifract 2Qelb&ed
genespatqedhtifyrdd chayd trarh @spadithit 5aNCapddidr ¢17UESs allsslicotet! tapacitihes ST endpie tegditbd & S +V
and -V saisrastheosatected omarttitynefrofjarge &igm aapasitvo W The dubr@ty €L2-6hy idadjusted tamgalucet ude
subst asedond Hegresnoadinealty herrelftionshipchtwsen eamsddairessireand the quangity (QErCLORTCOr 414
recei vdbe gyaetity (@A CLICKAdyated forredugd third degregenqertingerdy indhe felatiaaphirebategn sens@KO

whi ch ireeseuR s dhe quantityi (RESAVEY + Ebr Thedipeagty of ip Hensmifiecdpullis ug improyed 35 al ong
li- ne55416 “Reqf‘é'Prqf i '"ﬁdWﬁtf?S"‘Fl“&Of t'7" %m'ag S‘aQ'P’ﬁé" F'@eﬁ b’a@R’eﬁ%@ﬂ‘sﬁ ‘59" arag'ap'e

pr oduc 9’5 i % s“’ Bris E‘E?ﬁia?‘ﬁ" ﬁgjat i on

f horha T%as v S P P'%F i
of i Cive “915@‘2‘@ gggaege e st A I 94? %aff‘ﬁ% s

signal CKOis at a Iomer | evel as shomn at 426 in FIG 8, and t he
excitation signal CKOis at a high | 8vel as shown at- 427, the signal CK3 is
actuated for a tinme as shown at 428 to close 40 switch 418 to conduct,

t hereby storing desired charges on sensing capacitance 57 and linearity
:correctlon capaC|tance 417 Vhlle the eXC|tat|on S|gnal CKO Is at a higher

I 1 o o o ~NL 7~ "



The pressure sensing capacitors 53 and 57 are excited by signal CKO which..
has a 180 degree phase relationship with the signal CKO which excites the
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Clains 1. A measurenent circuit (10) for providi ng an input signal (42) as
a function of.an i'nput signal (16) so conprising: generating neans -(-18)
coupl ed to the i-nput si gnal (16) gEPp3aseysding a generator signal of an.
el ectrd cal quantity which is a function of the input .si gnal (16), the
generating means (18) including reactance neans for defining said
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capacitor 522 to the reference potential, and the signals CKl and CK4 are
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function oY thf*%'f‘%i‘éﬂt’@a'WS“QWﬂo the nmeasurement means on |ine 536. The
procéss of YRha WWI e reference potential and then

di schdf gi nH1 sqr' E %{Eﬁ?é’:ﬁ‘z gd'f':ﬁ'gat'hme:%‘?é repeat ed until the
| nt egrat or \ou(f S e bl BE*‘%‘W%EO T3040 ] e su% o2
: en t edes@ b%g rﬁtﬁfr{neﬁi’mg @J ?ed
measur e ntl nal 51 rg%tgl Cglglg ér

nmeans 4go ogglaag,gpaa@@“gﬂga%ga@;mﬁﬂ as shown at 598 and coupl & ‘anot her
packet of charge representative of the sensed paraneter into the
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45 anal og signal to a digital readout nmeans 514. Clains 1. A rreasurerrent
circuit- (10) for providing an input signal (42) as a function of an i nput
signal. (16) 50 conprising: gpReidtdiggneans (18) coupled to the input-
sigmal’ (16) for providing a generator signal of an electrical quantity
which is a function of the input signal (16), the generating means (18)

I ncl udi ng r ehahadiisad ineals for defining said electrical quantity; L
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functi on te chiyge fraekels sroRtaingdyinathe fagreratasreigngl| foi prgvidings the cnessirement fsigedh s ghar ge
packet s fﬁ'ﬂ?@ﬁh@@%ﬁﬁb@%ans (11) to the measurenent 15 means (34).
3. A neasurenent circuit (10) as recited in Claim21l wherein the charge
pack#t & fﬁrWPéﬂ"ﬁglnf fiecult gOLsReied iReGaim ¢ wheyein fhe fopghack sfgf“?"§t’ﬁ‘gl§r“ﬁ W"'B‘fg
charge pa pichRgaing fhe patprity, gf g ¢ oty beipg 6vRIeN B 1 BIRESYPMEN Moges
packets h ngasecond polarity opp05|tethef|rst polarlty 4. A _

measur me%ure nI uﬂ:aip |%§ ?ﬂcblglﬁldf) % alem nsté § flg? mrf
meang ( 34k, ﬁ %,ggo"% sgcog erat or - si gnal
for provi dhng e rreasurerrent signal as unc |on o curm at ed charge.
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55 representative of the parameter.

14. A measurement circuit as recited in Claim 11 wherein the reactance means (11) includes first and
second capacitances C1 and C2 and whersin the output means (38) provides the output signal
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13. A neasurenent circuit (10) as recited in Caim7 wherein the reactance
means (11) includes a capacitance C and wherein the output neans (38) -_

provides the output signal substadR0a03gisBtording to the equation: NI * C
* VIZ N2 * C* V2 where at |least one of the potentials V1 and V2 is 55
representative of the&;rarreter. 14. A measurenent circuit as recited in .
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Cbermt
Anspruch 1, dadurch gekennzel chnet daB di e durch di e Reaktanzvorrichtung

(11) gebil dejsesiichiay igs na%ke»tnaar@hrhetaa@wgareenﬁmcﬁﬁe@ hual e MemibchaRg K Qid iR t
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ei ner zwei ted FiadiaN det blkurBuibig:N aNYE sbrzdugster er sten 40 Polaritit

auf weksen. 4. Melvorrichtung (10) nach Anspruch 3, dadurch gekennzei chnet,
daB di e %kdMedsahaltiieisufi®) (e8H JAnstineshi 4 ddeurehCaekenmatidneti gt Hase Rldivkdpplengesignal dis
Ladungs pak écesaitearichivng: K13) orwAnderiuha) der] Pataritdt demibadimgspaisttei diordbr Mbyordihhmg (34)
Funkti on dergelgitetiwerden.stepeh Ladung zu erzeugen. 45 5. Mel schaltkreis (10)
nach Ans ruch 4 dadurch gekennzei chnet, daB das RUckkoppl ungssi gnal die
Schal P‘ilo - |MeRzchipibsref I’S;h‘&’lﬁ?'“%é’?‘ﬁ’ gakannaeishnst. idak,der qsto B@é%ﬁ!?r‘?ﬁ?ﬁ%ﬁ'@a Me
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7. MeBschaltkreis (10) nach Anspruch 6, dadurch gekennzelchnet da8 die Reaktanzvornchtung (11)
mindestens einen Kondensator (117) einschlieft.

ene

8. MeBschaltkreis (10) nach Anspruch 6, dadurch gekennzeichnet, daB das Rickkopplungssignal die
Schaltvorrichtung (13) zur Festlegung der ersten und zwsiten Anzah! der Ladungspakete N1 und N2
steuert.
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50 6. Mefischaltkreis nach Anspruch 5, dadurch gekennzeichnet, daB der
erste Bereich. einé erste Anzahl N von Ladungspaketen und der zweite
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