»e3eD@ADBACN'D6DTDai 7 A MULTIMODE |/ O SIGNALING CIRCUIT Field of the

I nvention This invention relates to a circuit used to provide 1
between a fast and a second device. Mre particularly, this |m mwm“mw
relates to a circuit that can be 5 configured to operate in one o,fmfghutiple
nodes usi ng one path through | L-CUit 1] n@f particularly, this
invention relates to an I/O%?V{bgaiﬂon%wo%?gﬁ'mglcec rrgni cs of a Coriolis Mass

flowreter that mnimzes the nunber of term nals needed in the neter
el ectronics to support different HekbabtitheinyentieBs that operate in

di fferent nodes.- Pr. Lt _Js kno u riQl i ffec

flowneters to ngglssdlﬁ\Zénﬁggirgﬁt%wo&car%lﬂ%é%&t%?@y %t‘zcgﬁb@]a%nbaeﬁ\g%iaglggﬁﬁ%”ﬁ ng
through a Ppiseebhfeddscedi sdrasrhibiiakly SthifahveRtioMNeelafestla Gluit IpEHah el -

E. Smith, et al. of January 1, 1985 and Re. 31,450 to J.E. Smth of .
Februaby Iconfipused tompresatesinoneet enutitiamodssa:sing ans pathitibughibesscissuia Silf ved
configuration. Each flowtube configuratjon in a.Coriolis nmass. flowreter
has 19" 5 JBOPRPERGATY tisRLeRE feHS taAndip Figthet shoer Bryiar e Rtitng,
torsi onal ,cémslisaaseFiowaidb e at HiGmiZEctReHud¥h dr &P forhiin 815 inkBRed th ORCHha! ©
at resonance in one of these natural nodes. The natural vibration nodes of
t he vi br atalegtronias & Bappdr tiffedentyssicondarnyrde vikzefsi thatoperapain difigrent enedethi ned
mass of the flow tubes and the materigl ithin the flow tubes. Materi al
flows into the flowreter froma connetf@¥EHi peline on the inlet 20 side of
the Moowret er. |TRGBNPII de CrbREBIEHRELAoNMEE R MO MdsdTovPbnb! oW
tubes and exits the flownmeter to a pipeline connected on the outlet side. A
driver appthessinforimatios df onatedals| fowihgberoughe gipelre azadiselmseddn L.BwPatdrg t o

illat Waen_t [ terial flow t h he | |
point s al Dify 9109 (abBcact 1 SFUTVEtH- B Ahien § cAPEp AR, Ad A5tia S
begi t 0cfhs t fl L@l [ h
pornt al 030 ThS T FOWA hia: 118 R i TRy e P, Fiofe B AREE 827

poi nt s al ooryedheorifiguvationb eEadihfow haise comfigunretiomined Coeridis wkss Rewhiatgr hade
| ags ,t.he driver, while the phase on the outlet side | eads the driver.
SensdPs af&ebPhpatiratvipraionimedase mhighMayPesH a HErle Bandinsctortionq oheial,

ensdPs aPEShPAD B . ‘
poi nts. - AT50° RRBSVRET FERE IR 1% R orhiR EscBie b tBoah el HRE B ndell or &

i's cal cul patedali modest Thefnatimevibfatorpmeges df tHeevibratingbatanee fillde siys@nsensor
signals is proportional to the mass flow rate of the materi al '“Q‘M'n?r@,
t hrough t @& defineainpartdy the samhinrdmass ef thedlow tubes gid the matgrial mathiming i al

tactor. TG inpgky MiateR Xphg h RS s PSRt B s R B oh B

and 20 osssig@ef trfdwRERPETHa Ratéial i@ ehldreciedheroutybties ielvestd onicw tubes

i ncluding a processor and connected menory receive the 5 sensor signals and ~

execut e i3Rd E¥is thmBowmetrstte anpipelingeonrasied potne avietside.ot her properti es

of the materia | owi_ng..t hraqugh the tub Th | ectroni al so use
the signals to#réfme{EPg{'% aﬁP%ﬁeﬁﬁ&@f*ﬁ&%iﬁﬁ%gﬁ??oﬁéﬁggh@%&ﬁt@ The
meter el esddilfdib CSWHRRA thEBRNs tWoARaEHal Nbving tHred gRiHeOMowPetersIf pOMes Xlong

processing device. It is also possible for the neter electronics to réceive

si gnal s fa Bewithbe oscitataavith aridentdicalphase. tise pataiad beginsiofowthrayahl thanet er
i F f the t di Sj on, i

dovi 2 | gk ued  CBRSE ASkHIEiPtF ceuee: SRTSP b PG Bk T OBy (PR Bt | ng

signal s tffbhst gtﬁfagé witH ree%gree{‘focéthe?_?%irﬁ‘é)%%g the Mol Qb ark BRES@BhAReOf

secondary devices Is not covered 1n the scopé of this invention. It 1s a
pr obl em iimlet bideQufrthelflow thbevegeetherdriviee whilethpahese ohdne antletsideeteafdisehds i n
15 generaag .that _different types of secondary iErocessi ng devi ces na

y ( y be
connect e@TVE"t hECBSYUE1218NPIaEEd i chiv e diffespRINPOINIRHEN JNE SRV Hel® 1O heEE. i ng

ai 11 or ent SIS ot ePBTpRbe 3P Rlorth oy By FEHE R adi SRR 6° ©
mi | 130anp phaskaliffetepaslof fite hes ignaliteteivetigrom greasemers peTaicuatdd 3t uaRS

signaling, active frequency signaling, and passive frequency 20 signaling.
Far eachorﬂﬁ‘ﬂ'ée-supported by the neter electronics or another electronic

devi ce in another fiel the el ectraonics, nmus e 1 nal
and typically %ppﬁﬁqﬁﬁfgrgﬂc&hﬁt‘g@e@d h%ot\'\foh%ér}:sl%?\(:é‘fﬁfatr'sykné’z%ggn%%@ﬁ Z(ll;J é(;rt
the node mddenageste’Fiths ARAERMIFIOWIRE tHrbSgH §le RACIUDBTRIGICSLBEE ! Thelfaidie
el ectronics is a problem |If the electronics are to be adaptable to provide

signals in different nodes 25 to support different nodes) ammﬁmmmmmmmm

circuit nust be added for each node
*G0000] *



supported by the electronics. Each additional circuit adds to both the

mat eri al cost and assenbly cost of the electronics. Furthernore, unless a
specific circuit for a specific node is added, the specific nobde cannot be
supported by the nmeter electronics. There is a need in Input/Qutput (1/0
signaling art in general and in the 30 Coriolis flowreter art in particular

for a systemav itk of eieel eestehiBE s a@parriingf bg muttiniving the pirasle/ dfferdraid by widve
maxi m zi ng the nunber of nodes supported by the circuitry. 2 SOLUTI ON The
above and cialbratigndbeiensT s Sowskle@tiantecior Iadeignveadby Mmataral prapeidivs eanst

t hrough the provision,of an.ll i | circuit that is capable of
operating iqggs f)?%?o ail P{/Opo%m%gg@e\%ﬂo?f@%g‘si ng a single path through the
circuitry to tranetrteldctfdridRingiudh@BPretedsee endeccrirpuid  mdrmoharsesrenthy v
device. This allows each I/0 circuit in a device to operate in any one of a

plural iy cfensodsignalsi and esdcidesnsinectionatie detirming dig a2 sreber daterand eihere

| 10 signaling b fi d i An_ | [0 si gnal j i rcui
that 19 caRPETEh ooges TR RN FTEERTES (BE. Tauuetad ret ik fgg use " !
singl e pat hint BIPRENd FRNRLF B8 hroPRRIAt 85CHAOI ol @It dHEpoREME! THD RRYST

supply is connected to a positive output ternmnal. A variable inpedance
devi ce, sucted®nicstcamthiesttoansniit thie imfermalipni ta a $ecaridacy prodesisingetevice It is

iti t i nal . ' termnal. A i able i d :
ovi ce confit BossilB fed s datar eehtiones s ractlvE SRS B SenohiBnadevice
resi sty@r i (o r.o bt St ' [
hovi o2 an oL HETpGRRRECS CthddiyAOlimefer ditfalan * Farpliises! B Bisene

and negat i descuesiohabsconddrdprddessingdevice dsiany systentzapabie ofneteiving dignals

vol t age between the positjve and negative termnals. e second vari abl e
i npedance é’@m 8dcRmrantraItinEsIgnaR fhecrﬁﬁ?eéﬁ?ﬂ‘]fcf@mctshgﬂﬁoﬂ%tl"agHﬁﬁ?‘?/”?t and

d. Th - ' ' ' : d | 1 ow
mannor to CBAFTOHRE 00T kAT A AT e i eorm oF i PYERBoR Sl Poul ar

mode. A control ltds £pespieesiniths Carolis fow rheizr fidkl iorpantieulchandurdirer fleldbiigh

signals are to be transmtted and generates signals that configure a
circuile. TEENEGHhAbHIMEreridRe HRlEeCaNdary PIOGASSHA C]UERS ey B AonBacted tofke

e anas BB B AC B gl b o BEBbe REURST:S B, Ly
the curr enin drieowd segetdldafgbnitri@des. Some examples of different modes include but are
not limited to digital signaling, 4-20 milliamp analog signaling, active discrete signaling,
passive discreet signaling, active frequency signaling, and passive frequency
20  signaling. For each mode supported by the meter electronics or another electronic
device in another field, the electronics must have at least one terminal and typically
two terminals connected to the circuitry needed to support the mode.
The need for separate circuits for each mode supported by the electronics is
a problem. Ifthe electronics are to be adaptable to provide signals in different modes
25  to support different modes, an additional circuit must be added for each mode
supported by the electronics. Each additional circuit adds to both the material cost
and assembly cost of the electronics. Furthermore, unless a specific circuit for a
specific mode is added, the specific mode cannot be supported by the meter
electronics. There is a need in Input/Output (I/O) signaling art in general and in the
30 Coriolis flowmeter art in particular for a system that reduces the amount of circuitry in

an /0 circuit while maximizing the number of modes supported by the circuitry.



secondary device fromthe positive termnal to the negative termnal. in
the preferred enbodinent, the first signal is a digital signal that opens
and cl oses a p-channel MOSFET transistor. A second signal is also generated
by the controller. The second signal is 30 applied to the second vari abl e

i npedance. The second signal causes the second variabl e i npedance device to
change the anount of current that fl ®SLUTMOMNh the second vari abl e

i npedance device into ground. As the current flows t round, the 3
resi stor connectld@® 8ROYGENEeRBAH PIAR!PANS @76 n%@&%ﬁcaé‘cﬁégi %‘g\’a@&ﬁs'@sthf 81 Bage

R L e L

second si gnaly [\,’S\fﬂi'é?llfy b nidteaNehipg usingnalsingld e b -tArmughetner at@stna to otransinit
vol tage which is then applied to the 5 second variabl e inpedance devic? to
cont r ol5 t heignals tmand/oowieerjve sigmathBomonseConPPTYyIRHCe hd Nieallayyeachne/O

first and second signals, are varie | er, j r
recei ve si GHGFE M A Vbceesﬁor%%Frﬁgedg‘ %@pégé Q,gua{cg{g,ter%@kv_o?mégegl mﬁﬂ%ﬁieg the
i nt egr at ed p Lt GNAcLNG nEededith rapialel RO igapRibiengeém 20fist eihdaa Hegoadi ty

of nodes having a power receiving circuit that receives power, a high 10
potential tewitenal that connects to a |load and a tow potential term nal

254) t hat ts. to t | .oad., A fi i i 0V i i .
Cont1 gur ati on cAnip sBpeliie SaR wALS PR BPbrE nd Rip LR BBseS whle
power qpecey| %g?rfg?é"phtﬁ frbligh MaBirat 8péiaaés e the fllowitd ehdriver] Avpower

potential ter 0 provide a current to the high potential termnal and
t he | ow pokepplydd corerentethio apesitive sutpyl terpinal. Fhvaiafte apedansierdgyicaasten 15

[ it wh in the fi t] .Ci it fi t h i gl th t
pr ovi de. cupBEHETSISISY, IRNBECIERS BIRfGH!EF e e BraPLEbddnagsthe

confi gurat &é}{ﬁiﬁélr CA’E%&%J f&r‘?éﬂfé Hep8fatdtPlbvicé cHRREE tABRRYati0b tér:?ﬁiﬁal to a

invention i's that 't configuration circuitry includes current flow control
circuitry figsd esyiton! Thadxed resistor fsl than wenneetedithegrponésr recei vi ng 20

circuit and ground and vol ta%(;ﬁc ntrol cirecui &Pry for Cgontlr ol | itn thpg

vol t adé bet ween ThAdIrsti \@iania BIRGIANCEAHSHIRFARDEF RS DRT HOPERLP FPTMRISR Hal |
Anot h . R L . _ ' . Lt
el udes. ac s BeissnIpTbeRRlyelthd hehte lenialt Tiiile MOV BRADh fidepes LT

potential tertibinge vaitshsretivephtheposities &nd segatie terminal25T msedand varjgdle  of
this invention is that the current flow contyol ﬁi r cui t(;% alysto [ nclgd.ﬁ_? a
pi ck-of f piroRedBNcE davice eRIHING IRW Of FUTeRHEPRIBE PONFT SHPBYRPAPERG T he
anplifier that _r i | j f : r

Vol tage 1 E VRECIFEBEH AR BBEd: ERILERIOR e IR RaRhERERERIca LR
to a gate gfe t/0e signatig toirenisitsteperats orh acpatticalas mbdecur eantrofesmexenutesh
the first transistor. 30 Another aspect, of this, inventi ?ﬁn is, that

current fl bwtehensothadi detarming HP%G"Q%WW@%C_%S'IQP?_ affo P&rtr%%ﬁrﬂiﬁtggsﬁ'l&t ed
control "ci BEaFEr ripAanatSorBRBRER Bt Stor connect ed betueen the. hi gh
potential terni natheapshirdirer|gewepatesrd fiest signal that is applied to the first variable
impedance device. The first signal causes the first variable impedance device to
25  complete or break a circuit which in turn controls the current flowing through the
secondary device from the positive terminal to the negative terminal. In the preferred
embodiment, the first signal is a digital signal that opens and closes a p-channel
MOSFET transistor.
A second signal is also generated by the controlier. The second signal is
30 applied to the second variable impedance. The second signal causes the second
variable impedance device to change the amount of current that flows through the

second variable impedance device into ground. As the current flows to ground, the

3



termnal that receives a digital input and establishes a circuit path

bet ween the high potential termnal and the |ow potential termnal. 5

Anot her aspect of this invention is that the voltage control circuitry also
I ncludes a first biasing resistor connected between the power receiving
circuit and a gate of the second transistor to bias the second transistor

and a posi fidsigor erinecfitPiditie RTPAE Vafhblehinpedareatevigeicautbab voltage lHigtge
control circuitry also includes a second biasing resistor that receives the

i nput si gnilappfiethia apreerationabivaphifies (P-A0r0 @SUE efmhavriiadle b eRdnglase of
th tr.ansi st f_this i ' in h d
tr anst st or R BELGYBE eo dRHA T OB A8 e e BERE s MBI T i R
i ncl udes aarddicg sf@ﬂh@ne'q—'h@@dlﬁﬁ'm@%éhe%ét&bé pohtrofvditage Wedemi3 theaRpipieOto Bed

the | ow potential termnal. Another aspect of this invention is that the
power ¥ ecedagong \@riable impadpnek seyBeatodeenteolt gt cirentdifving drerarthef peowmer

poner el . I Ao et
cirout T wHheal TSR atp g TS B4 SoAet A el o e PHEE R bRiscl | o
that the plansahit éb/rél:fej‘f@ggﬁalisriﬁ'attf!%ir@d‘]'ng@e Bk ldeh aiph&aiput mode.  Anot her

aspect of this invention I's that the plurality of nodes include a 4-20 20
m | lianp input ThislimveAtion fean mdggrateddfOtsigrlingwineuit capébletdiapetatimgphonal ity

"nvent | on '@ BHERITY REMACRSIF (36 BrPoHgEce HEIKL e ALt FOVe Refen & Biafput

oI APISIED PRRSL ko bTNeRIGRn 18 4 ik poRrBRL AN PRATES

i s that tkenpectsabitteload. nfofiess aspedt of thisinvaston é dordigueatn it tmodgh
the 1/O signaling circuit connecting said power receiving circuit to the high potential
terminal, and the low potential terminal to provide a current to the high potential
terminal and the low potential terminal over a single path through said configuration

15 circuitry wherein the configuration circuitry configures the single path to provide
current in a one of the plurality of modes responsive to the configuration circuitry
receiving an input.

A second aspect of this invention is that the configuration circuitry includes
current flow control circuitry for controlling current flow between the power receiving

20  circuit and ground and voltage control circuitry for controlling the voltage between the
high potential terminal and the low potential terminal.

Another aspect of this invention is that the current flow control circuitry includes
a first resistor and a first transistor connected to the low potential terminal and an input
of the first resistor.

25 Another aspect of this invention is that the current flow control circuitry also
includes a pick-off proximate the input of the first resistor and an operational amplifier
that receives an analog control signal from a processor and a voltage from the pick-off
and generates a control voltage that is applied to a gate of the first transistor which
controls the current flow through the first transistor.

30 Another aspect of this invention is that the current flow control circuitry also

includes a first monitor path connected to the pick-off.



Anot her aspect of this invention is that the plurality of nodes include a
digital 30 node. Another aspect of this invention is that the plurality of
nodes include an active input discrete node. 5 Anot her aspect of this
invention is that the plurality of npdes include a passive discrete input
node. Anot her aspect of this invention is that the plurality of nodes

include a passi vhdthgipeey of hiplihvepten idthantidesitaspesitrakirt ity ihdvesd Bon
is that the plurality of nodes include an active frequency input node.
Anot her aspsecondtransisioricaneettedhefwearntite higB PoiRNdigr erednal Ao Siegaw natential

{1 owmot or . 4GS SR GERES Sa0n agasSar <SR Br8a sk Balfea hegion

appar ent f e dtRetckMhishi AMdNes IaRboteritRAdMEnel the detailed description
t her eof . SCRI PTION OF THE DRAWNGS FIG 1 is a Coriolis flow meter connpbn

in thebprior arAnokeBaspettofthipiryertian kgthahtheivottage aenteel cereity atasiicguiast he
Coriolis flowmeter; FIG, 3 is a, djagram an 1 /O signaling ciycuit qQf this
Cnvent | on: S4Fd ey o P anane BPeEh B Re st B A pr s ting
the 110 si QB@de‘H]’aﬁéiEﬁ'r“té blaQ tABREBbAd ti2ndistel Afd 8Go¥NNE. raPETAI LED
DESCRI PTION Coriolis Flowreter in CGeneral -F1G 1 FIG 1 illustrates a
Coriolis flowrefeotheraspgctiosthigingenfidmistbatiheyolagdtynttd cCuitmalstetadudes
el ectronics 20. Meter el ectrorr]li cs 20 is, caonnected to nmeter assenbl ¥\ 10 via

a second biasing resistor that receives the input signal from a processor and has an

10  output connected to the gate of the second transistor.

Another aspect of this invention wherein the second transistor is a source to
drain transistor and the power receiving circuit includes a fuse connected between an
output of the second transistor and the low potential terminal.

Another aspect of this invention is that the power receiving circuit includes

15  a diode that prevents current from flowing into a low impedance power supply
connected to the power receiving circuit when said power supply is off.

Another aspect of this invention is that the plurality of modes include a 4-20
milliamp Output mode.,

Another aspect of this invention is that the plurality of modes include a 4-20

20 milliamp input mode.
Another aspect of this invention is that the plurality of modes includean active

discrete output mode.
Another aspect of this invention is that the plurality of modes include a passive

discrete output mode.
25 Another aspect of this invention is that the plurality of modes include an active

frequency output mode.
Another aspect of this invention is that the plurality of modes include a passive

frequency output mode.
Another aspect of this invention is that the plurality of modes include a digital

30 mode.
Another aspect of this invention is that the plurality of modes include an active

input discrete mode.



| eads 100 to provide density, mass flow rate, volunme flow rate, totalized
mass fl ow and ot her information over path 26. It should be apparent to
those skilled in the art that the present invention can be used by any type
of Coriolis flowreter regardl ess of the nunber of drivers or the nunber of
pi ck-of f sensors. 25 Flowneter assenbly 10 includes a pair of flanges 101

and 101', nmni fol t. . " | .

tubes 103 A and fg’:?a%;aa%@ggwﬁ}eﬁrs 'qgﬁﬁgrﬁ@ga@g@o‘#@ %g%ggt?@%%?%eﬁ%’e %@%}é’_&uve
Brace bars Hgretedng@ttnoderve to define the axes Wand W about which each
fl ow tube 103A and 103B oscill ates. When fl ownreter assenbl 10 is inserted

Le \ i y !
into a pipeline éysthanasneet afibisiyventionns et Barpiedity gbmedes incidaaipagsive
measur ed, i fl owmeter assenbly 10 through flange 101, passes
t hr ough m%@%@@%ﬁ@gﬁ he material is directed to 6 ester flow tubes
7 O3A apd 103B, AhotteriaRpeoiadf thisomvdritibads tHaBtha marhlitYdBraae st idé ah@ctive
mani fold 102 where it exits neter assenbly 10 through flange 101'. Fl ow
t ubes 103A HarEuenaBnAKEMSEEect ed and appropriately nounted to mai nfold 102

and 5 ol astic moaiPRe by Bofus ATRATBE A e ipbite BT Sl R B, S
{1 0w tubes. pbAsitlzdlNeS Seer 8eT s DRA kbR hizsaMcRsmend al 1y paral | e

fashi on. Flow tubes 103A-B are driven by driver 104 in o.f)posi te directions
about their respébesaandether agvaniegesviing present inventianayillibs appanest ftam the

first t of bending.,fold of t f ter. .Dxiver 104 may conprise one of
mlany V\gfl kq{amn%%r?rg%SJﬁ@ﬂpg,Ofgﬁeé&gﬂ%‘éﬁéc'ﬁﬁ St edyto m)o:/v tube 103A
and an opposing coil nount edpggcRIPMANIGF FPBEDRAWRIGS nating current is

passed through the opposing coil to cause both tubes to oscillate. A
sui t abl e drfN® tsisgn@bridls Bqwpinmatar bgmmetrein te¢ pdor eni cs 20, via lead 110 to
driver 104. description of F|G iS ovi ded nerely as an _exanpl e of
the oper at | 9-¢t 52 BAFF 617 Qe resteLARErTRB HR SRRl ST HIREE: ¢ he
teachi ng offidhe 3 dASRARGf BRVRISIARINGBI AU GRRIHOBARSnhd ecei ves the
right and left velocitTy signals appearing on |eads 111 and 111',
respects velHIG. Metsea flove diagraimcsf @ procdss ©f conhéigdring éhsiliD adigratingecicbult1

i illate flow tubes 103A and 103B. The present

whi ch causes erev.er 104 t(F)j osg
i nventi on RPYBEIRARKIEHEFENAS® can produce mul tiple drive signals from

.multiple drivers. 20 Meter el ecgmlggrﬁﬁEgg@gpqueft and right velocity
e

signals to conpute nass flow rate and provi the validation systemof the
present i newidlisrklowatcherdf @emaratdddGan | nput and an out put neans that

all ows neter el ronjcs 20 to_interface wi th an operator. ter
El ectroni cs. 20 ?Fﬁéegd sirates g GoriglisHjqymeter I%Wré{{f'é% aaf?%’f’@@wﬁertﬁﬁﬁmap

{he, CoRPONGHmoks BRcRSARRID! Y5 SRERONESS) iorRiRla € FEldraakempRl ghch

performthe processes related t e present 1 nvention.
t hose skil lleads 100 to@ravitie deasity, neassdlopoat vsluate ey eatectatalizenass 6w ahawn
are for exenplary purposes only. It is &ossi ble to use other types of

processor s O4nRr infogpatieniover PAthcefj Ur?i':"@l—’ rPeRRPARERE to thasenskilled, Brihe Tt that
P 2 OShiYgLL ' TSRV TG NTTCIRATTord th
1 owrat o 32 PRARLIDShINE barB3 us8h bRy H KoL Rl féfer B Atorthe N

materi al, oombgriofgrivetsiorahé inumertaf pidk-off serisyrsal , and conputing density
of a material froma Read Onli/yrl\/e_rmry (ROM). 220 via‘Path 221. The data as
wel | 88 i nst r ucFloyvpetesaspembbs 19 ingiudes aprgii oftanges tQihend A, mraniieldbi@d in

g pﬁggfgnégﬁﬁwgg%péﬁ% @@.pgérﬁ'\ceggﬁc?{o e thbeersf POARA ér?oa%@gdar\éﬁd rfveer
104 and pick-off sensors 105 and 105'. Brace bars 106 and 106’ serve to define the
axes W and W’ about which each flow tube 103A and 103B oscillates.

When flowmeter assembly 10 is inserted into a pipeline system (not shown)
30 which carries the material being measured, material enters flowmeter assembly 10

through flange 101, passes through manifold 102 where the material is directed to



Paths 111 and 111' transmt the left and right velocity signals from

fl owreter assenbly 10 to neter electronics 20. The velocity signals are
recei ved by analog to 5 digital (A/D) convertor 203 in nmeter electronic 20.
Al D convertor203 converts the left and right velocity signals to digital
signal s usabl e by processor 201 and transmts the digital signals over path

or ocessor 28T APIWUPEST BRASEI G s 1 Bl Tl B S5k 530 B8 e Bk
whi ch app'iﬁ%ﬁi{agvi@cgﬁ‘@%?/hweﬂi&it%%eté a%&?g(o%ﬁ)u Wiedd 961202 The

P
anal og signals rom D/ A convertor 202 are ansmtted to driver 104 via
path 110. Path 2blovaubes$03Agndl193Bars eelenttarandamrestidtaty devited t@68Gimbidc h

al | ow neter ectronics 20 and secqndary processjng,device 260 1o .
conmmuni cat e! 5#5@ #S28 haﬁfe|Sﬁ@é?nﬂéﬁ}ﬁ&%%%ﬁﬂa%sésf}w.%&ﬂ”d?”@%ﬁ%@bﬁé&f%@nd
positive po . 1 L Ral : A R0t l N O
si gnal iﬁg c%lggﬁél ?Aof@g%%ts%ﬁdél %é@%??tgyj:éﬁdﬁ’\gf gfgor'eié egﬁ{:eﬂ.cﬁ!w?%ﬁ[éﬁva?jbésl
provi des | léktshgoatsardly fietneheehadioldm ars e@fentiatie pekalldl éakhion.t he art will
recogni ze that neter electronics 20 may have npre than one 1/ 0 signaling

circuit 250. Hovelgertubem1P3bri2are eyivgn BufEverstP4 & errpgitedrectenpabpelibeinof

clarity. Fur r i L 1 i

functions gﬁéggﬁt%uﬁnrogﬁi? §‘Tl% w gﬁ%%‘éﬁ?’?;‘*tgﬁa@ﬁ {é@%@ﬁ%ﬁﬁ%?u&?ﬁ%r@ﬁg Bglldany
conbi nat i orpfahe Gohehbtbs DFgér ¢oM maysonsieris2Oondief fangtwalnkddvry afbingéMents,
signaling circuit 250. I/Osignaling circuit 250 receives and transmts

si gnal'® t o such asue mEgmel mpurdeth tofiaw tubfe18RA @NdEN APRERNG Lot Maynted to flow

P other Cadub8 R, AP RERMELTEIS PR ISR dritidndeq 1Ry RE pER°
Coriolis fligyeRteos@le! Posliedie?riveiagmal 4 Applied bylesstar gleveonissiRP! Vianaks

240) 25 a first data path 241, and a second data path 242. One skilled in
the art wi [110rtectsiyar 2@4.tTHa deleriptionsaf Fifrd 1 depEnvid i@ re/sasavexaraplg gf4e can

ot 1 bl exedPetan of BuepidieSufeter B BRI ARnd i R e, Bt Ra pr e e
to posisti vergsdhtvettioher m nal 253 by current flow control circuitry 251

and voltage control circuitry 252 of circuit 250. Negative potenti al
term nal 254 30 Meieteiestroniss 20orecaives e figbthard leftivelpgity signalsprsiaringeon

Covi co 260 SAPL] TLARE 1350 Saptchudlly MAIEE SRkrRRRY 20| B PEET X868 an
circuitry {dm1aPWHicH Sadske drivem of to@seniatt fidvitudean 03R0arkd CIBH.i THe Sidseut t

250 to ground. Input 241 is received by current flow control circuitry 251
and causesinvestianasdescribard harein cén praiduge myliiple drive signbls feoam oeitipde dhvegnsage
contr Ci Ltr 52 receives second . pput 242 .an diusts.the 5_voltage
2ppl | 80 CoMeletAsfoEs aoedrns 16Eane doBbvF o uBRER e L BBl MRss B e e
signal . 1/ Gnhgippdalis Bk Gildetbh sgﬁem &F thl hfciemninvERBgh OPAEY 26 HovRics @ ihpuPf
the prior art in that circuit 250 can be configured in the bel ow described
manner to pndwdrdeutpiOmeagadhat dllowsrmeter efantroninse2 risdisdeagepwith ad dperator.
systemwith current f]lowing through_cjircuit 10 250 over a single path. This
reduces th lectrgnicg 20.0;(pe N ugh 1/ O signaling circuit 250 which
in turn reducesgfdesn f 4C mregd et BmPMEhectirs & i 50.
The configurati g?]@'ofz V%ﬁéﬁegn% ?%ngéui t 250 is perfornmed bﬁn prx%grg}’slégf
201 wAbch embodirmsnt oftratert el@oFohics gthehidhe parfdrm thasprotesdss iatpdrtosihgnal s

to configure 110 signaling circuit 250 for operatjon in the desired node.
The bel ow RESEEEEMERHPON e @é@ﬁ@gw%ﬁlﬂﬁaﬁf Al ek s dfe o REORGWA
signal can i t i Il t hAG i h
hrough o Tous S9EgHIET GOhoRE] ¥ i emtRSaNIbGedP ey LSRR o AR,
preferred ethemypasyoferbosssuesndfeldotOniisrio wohjud®tion @it thkidreszhtiimvaritionar t

will recognize that there_ are gthe ossible circuit configuratipons that 20
can be useanC@séaizpﬁfﬁé@WUFB%’ﬁﬁéé.geéqr(ﬁmggg?%ﬁrf%’s&’?@iﬂr% g@f%@p\@'s

power,Qver. : I

Suppl 351 o 10Bthalt i 8o RE KB pBiHRp ks g Aot Rt B om AT BB he: o1
prevents clisw este of aenateliaWeng conipatihgdepsityesf ssmptdrial isbera Rbad Qoekesngry! v
is off. Diode 301 is a conventional diode 25 such as, di ogfe (N40OO1 produced
by Mot or ol &R@MY) @20mia RatBoLR |- s Thedatacnwelt 8e NSty clipRs I MATeENING the aseusost
positive potential, positive potential termnal 253. A second termnal is
the nost negative potential terminal and’is named negative potenti al
termnal 254. Positive potential termnal 253 and negative potenti al

term nal 254 connect to secondary processing device 260 to allow current to
flow froml/O signaling 30 circuit 250, though secondary processing device
260 and back to circuit 250. Those skilled in the art will recognize that

o Y Y 1

e



9 " ~"' Afirst variable inpedance device 310 is connected between
positive potential term nal 253 and negative potential term nal 254 inside
/O circuit 250. In this exenplary enbodi nent, first variable inpedance
‘device is a p-channel MOSFET transistor such as transistor 4P06 produced by
Motorola Corp. 5 First variable inpedance device 310 is connected to path

300 via pafhiifs g LRI PRAREH Hbctlse BB ARAR) R3O0 BldcesIBRHR

protection el enent protects the circuitry over current as
descri bed peHomns Téad apd writeopetatom sehefht matribry £ 38nviapaor 2@sef t abl e fuse

such as part # SMDO50 ﬁroduceq by Ray%hengg The_outnpg .of thermal protection
el ement 312 is EéHiett eandd fthEapamit the le%anciright e disianate fem matfs

control ci | ' r OVl f St g i | 10.
Adigital Sornpt BRI 20, ThRLSIOSY M s S RESARRES EARR g
cl ose gari ahjitel (ADpelaveetod 20B G rddier eféetionto0.3QD tsn\enineoBednbetyernepat h
300 and 330. Path 330 flows through resistor 325. Resistors 305 15 and 325
bi as vari aBNérghpeiasiyesigralp tedigitshsigaals useble mepranessar dobanthdragsmitartae

many i 1 of gie SuTAR PR P AR GBS dEshyolalBnd e s b bl 1o
potential 2¢0d BAdcedBdr 261 aIDTR R @RHIRAS Bfe traneBad aleF 1/84UsV2 0 RADBIN3E D
Conpar ator 34D senses the voltage 1evel present at termnal 254 with 20

respect towhish@ippies ressigmels ko 38Btg) ie sralogiPAperyenpar@? of ganalagdignals i es
processor 201. A

Lhe SHOT2 Aotk Bip? 30p 2 iR I ARV BH B2 0T e
returns from neugthi2eecieearigrtls fesdbondbnSrbeebSink ey iR oL REN aft AskitBENt )
second vari abl e i npedance device 345 is a n-channél MOSFET transi stor.
electronics 20 and secondary processing device 260 to communicate. Path 26
includes paths 261 and 262 which are connected to positive potential terminal 253
and negative potential terminal 254 of I/0 signaling circuit 250. /O signaling circuit
15 250 is a circuit that provides /O signals in meter electronics 20. One skilled in the art
will recognize that meter electronics 20 may have more than one /O signaling circuit
250. However, only one |/O circuit 250 is shown is for purposes of clarity.
Furthermore, one skilled in the art will recognize that the functions and circuitry of I/0
signaling circuit 250 can be provided by any combination of circuits that can provide
20  the functionality of /O signaling circuit 250.
1/0 signaling circuit 250 receives and transmits signals to 1/0 bus 210 via path
214. One skilled in the electronic signaling arts will appreciate that 1/0O signaling
circuit 250 can be used in other devices requiring 1/O signaling and is not limited to
use in Coriolis flowmeter electronics 20. Path 214 includes a power supply path 240,
25 a first data path 241, and a second data path 242. One skilled in the art will recognize
that the first and second data paths 241 and 242 can be a plurality of lines in bus 214
carrying data to circuit 250 or multiplexed signals over the same lines. Power supply
path 240 is connected to positive potential terminal 253 by current flow control circuitry
251 and voltage control circuitry 252 of circuit 250. Negative potential terminal 254
30 is connected to current flow circuitry 251 and voltage control circuitry 252 to return the

current flow from secondary processing device 260 to circuit 250.



25 Resistor 350 is connected between second vari abl e i npedance devi ce 345
vi a enhancenent node path 344 and ground. Pick-off path 355 provides the
vol tage across resistor 350 to Op- Anmp 360. Pick-off path 355 al so provides
the voltage across resistor 350 to a nonitor(not shown). The nonitor (Not
Shown) is an analog to digital convertor that converts 30 the voltage
recei ved over path 355 into digital signals that can be read by processor
201. The di gi t abueRinave captot GEGHilrY gRd f GireHitiyanpt eerises the fowehcurrentous

cath s62- ANt OorbE AR GIC2PE 16 2phiR s hB e | S Rk E R BB a3y°"
conpares Introt k@cti@ge2ye&ne siesMHehaktRint Aft gt rRMing XbSE@undoe ard

generates a control voltage that is applied to second inpedance device 345
vi a path 3justgte \tdtagedionirol cagistry @8R rereivenseandd mpwiz4uanemdjusistthel ows

t hrou secqond i dance devi,ce 345 to. ground. Second variabl e i npedance
tovt o2 335 4R BT E8 HE AR NORRE BTty S S TICe 00 B FerPUer oibs gptoned
circuitryggmhiof FIG 2. T he analog signal .applied to Op-Anp 380 is
converted to a voltage that can be applied to second vari abl e i npedance
devi ce 345. Th&/Q sigsslirmdraatcittsviffaran! feommpeerd 2 sirclgits afdise BdiOr amdh 85 ar e

mode. 10 eV BEREETE SR ed TEbecriBn LTS EPe B 10 HEVEI 1S aA frodes
by appl yi ohbes hAltiawRsHed S chddCby ??sﬁ?&ﬂ‘%viﬁ%eaﬁférﬁ%wq fng@@n?{%;f&r?

followi ng ( exanples are not ant to t the functionali

ci rcuiot 2360 over a singeef patho Thisoedusés tHeatimber dfeirauit paihsphrogghiidpsigaaksgr
201 to operate ;5(5 mpdes ot her, t han t he exe Iaré nodes gi ven below. . 15 A
first nod6feHaeoP WHIGY igidin ieguees E1f RUPBET BLFPTBRORIHE NGEFEd 12 B1andastHEe i s
an anal 0g.4x | | cfl : el Fe, V" = hidAd

out put e Ret2sh! Zi/ PGl or1D SiRElng ST R b b blceREhr .
devi ce 3190nhikibhcanesated insttuctiams ablgenenpedand dratewmit thed blogar sigraisntoopen.
The processor 207 applies a scaled, |inear vari e?‘bl Vol tage to_Op- Anp 360
whi ch cr egR@iguse dEheianeling airshtt 259 fon aPerationoi Nefasred uaAa- vdrieabelew

i npedance | i | 3 i f t r y to
grouﬂg. T%ée@%/rlpﬁ@rq\é@hgﬂfgﬁrﬂﬁ%ﬁ’gtﬁgﬁ@gﬁéﬁfHseﬁgg]\é%rggesnF(!o e ]ﬁesq@%\@acﬁ%gne
current f¢anfiguged by padorns écaspaciiic medersusigg deeipath BBugbirsuiakbows

processor 201 to change the currant flowng fromthe positive potenti al
terminal ! lgga C F ntial termnal 254 and through 25

n HEClegh 4 and thr i
"ead the cur onC LRGSR Bl er e AR R A Re B AR A S TP ) o

si gnal i ngsilyesd iBrthe amnt vaill secdumizisiat fiera afe dtheripossiblEcirouitwonfidorations itigatr e
circuit 250 to operate as a 4-20 mlli-Anp input, processor 201 does not
appl 90 a stajhbe usedte gain thersamme eesWitse dish SI9NAERG Eisctit D00 nareivescROWEr AVeli gnal

ot tes B b bR SybPaR UG R d el TR RPy SRRk *°

const ant gewér Upphe! tage to be generated and applied to second variable
i npedance device 345. This allows the current flowing to be limted by 250,
but control | edPaip Fhcparsesithmugbetiode gOdavhigl prevents current from flowing into

the power supply when the power supply is off. Diode 301 is a conventional diode
25  suchas diode IN4001 produced by Motorola Corp. Path 300 is then connected to the
terminal with the most positive potential, positive potential terminal 253. A second
terminal is the most negative potential terminal and is named negative potential
terminal 254. Positive potential terminal 253 and negative potential terminal 254
connect to secondary processing device 260 to allow current to flow from I/O signaling
30 circuit 250, though secondary processing device 260 and back to circuit 250. Those

skilled in the art will recognize that can also flow in the opposite direction.



11 260. Processor 250 receives current flow over path 335 from negative
potential term nal 254 and current flow received contains the data from
.secondary processing device 260. Discrete data is a nechani smfor
indicating a digital state. A discrete value is 5 a one or a zero in
digital ,terns and is indicated by the voltage across term nal 253 and 254

through secondgrystR/zpiaBRSiIE Rt vid 310/iOcohabalednE:weea WdsitdeD can be
enpl oyed to encode discrete data. In order to provide an active discrete

iMq_puL moceQteptiaidessionl 263 aagpiacesva peberialiemmimel Abfinage é/@ecitr@iiba_mg}cbn 360
' pedanca e enshL s Birg N R Vaf Bl Ppd Pl e F BB e Y g o

de- asser tM0O$ REBtraAsikidr eubh r=sttrariistab i@ Oempedaned byeMbreoidlOorplhe si gnal
causes first variabl e inpedance device 310 to open and close which changes
the Wl tage sthitst vBEehedmpeeante Feviset 2H isafornagied 0 Patn3ed virgath $@°
potenti al Way 4.0re I i 5 e
vol t age ian I ggh@g, ?'ﬁ’ge%%tnaé%@{eﬁg3:‘?&?5%@??%2?' W’%@%E%F%@%%&ﬁr& 2%2 can
al so 15 heoteety ihgusiedithnfromes\areurnend asaddsdorieedi siowet § Henmat praidetibor

omer ut 0 HEBeRLE 12 & n b o B D S s B o BMA B RrsiBe Pevi ce
345. Dat @%éy%h%ﬁﬁrrﬁé’gﬁgﬁﬁ%f %@J@ gY&ﬂefcﬁeﬁ distent geﬂz W EHn M8y %@gq@ivath .

conpar at or "34 assi ve rete output node, processor 2 pplies 0
vol tlége B430p- Amp 20 360 whi ch generates a control voltage that prevents

t f f1 qui ng .t o, d. Data | ] ] .
Gor acser t1ng. i it AhSdERt Yorass KPolrd| SRAdRY e il eantet Sty Phvariabieo
~open or ﬂhgé@aﬁé‘eedé‘i'iééBm@rA aiitel $FRECIBRGDIBEB BT rBeesdd? Fvnial pae

3
circuit 250 can also be configured to operate in passi ve discrete input

node f or 3pBdeiopEeRE iatias®yapzdednpedanas de@p/meyﬁh%a&e@i%n 3 epyrestedo

p- Amp 3 c I f S i=abl e
Tmedane o B0 Bh8 80 TRl G o B R A e
pat H5335antrR@sdhiaOpahatpleItPedihbe segiva!l frovg math@O0 Rédistoms 386smd825
configured to operate in active and, passive frequency. i nput and out put
modes. | AT CPTETIREY SIS S466 Tt 457 KR TeFlEbia LA Bs N8 esSeps ocessor
201 conf hGEHySdiffér@n_%fréHgt% ré3tdr0n IREHRESopindéhtf. | ve 30 frequency out put
nmode in the follow ng nanner. Processor 201 applies a nmaxi num voltage to
second var i abNegatipe gaiecdabiteringel 254, is [als @ edrnetted éncotwalatea 36k visecondar y

pr ocessi i C Q, r i i first 12
Vari abi e Pt nhar Bh 35 e nTe RERsuE R AL BT B ey B el By

pr o2@ssi l_‘Eg;pdEt/ioCt@_rr&ﬁ&];l 2680ty 336 ms@bgbtﬁagﬁéﬁmamtaﬁ 3390 laadgoafrigiﬂrn;@d in
operate in an active frequency jinput node for receivin ta by applying a
maxi mum %‘8!”%&@}_@ }sQQHélz_‘]Pd/'Qﬁawg@@ franprditRE 0 8f%§ﬁ§8%%& .control vol tage
for second vanlsabbea vaHBPRAANERLAES ceicaes BLanerbhenodal 86 gdgon  he
current received over path 335 through conparator 340. Processor 201 can

al so confetgmsdrar Megativaipoteriial teomipsi28ide linthés gxarspiaey emépaément.out put

node. Processor 2 applies a,0.vo signal,to i abl g i npedance
ovi e SREENE VasAtls PRRRAARE ARG 295 Tt 8 TRaA Tnf PUe Blol PRRSES secondary
10 g ocemgkisthrds0i is @oRREsteBIHEREER 5e20Rd IBARbRSIntddpRuans eS8 g8aliat o first
vari abl e i npedance device 310. 110 signaling circuit 250 can al so be

conf i gur@hanseopetaneds path Psand@e¥ruency i nput node for receiving data

by appl yi ng V. =S - 0 0 control
vol tage for g%' Lc()'r?%} é/%ﬁ%éﬁ %B?{gségg%@ﬁ‘gg%%%go%a?%%{%@g@pﬁéﬁﬁﬁggggt ed on
t he cur rRigk-offesth\35% £¥e brdadds $3bvditrgeugkro8s 1osiditp 33400 4 Monsbafti ng
circuit 250 can also be configured to transnit and receive digital data.
One sucEha)t dihepmenieniNgtShaye)pel an aoalag tgi digital comyarPe iat 6 verist ocol .
|1 9 derinb 0 anl i OiGed b ARASNGCHIAU] LichaisORS! 81 obNehbe,di gital mode,
processor 2 oes not appl’y a signal to first vari abl € i npedance device
310 to mreeesgorfAlristTHiROdigitplesignaie adevihere raberfittedric progest om0 tvead t/Cui t

bet weenstg‘(b)ﬂsé3 ive potential term nal 253 and negative potential term nal

254. A - linear variable signal is applied to Op-Anmp 345 with 1200Hz/

2200Hz data SyperBeGFL ATk b ﬁ%%om}%@?%{ﬂﬂfro%ﬂﬁe bide38et ¥ed, pYaY path

335 t hrough conparator Configuring an 1/0 circuit-
362 and the voltage across resistor 350 over path 355. Op- Amp 360 compares
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25.FIG "4 illustrates the operational steps taken by processor 201 in a
process for configuring I/O signaling circuit 250. Process 400 begins in
step 401 by determ ning which node I/O signaling circuit 250 is to support.
‘I'n step 402 the signals needed to configure the circuit are applied to I/0O
signaling circuit 250. In step 403) processor 201 determ nes whether the

nmode to b%é*@é&?\rxéoegitghél \ﬁﬁhitﬁﬁ’%!tés%%rﬁﬁggli’éé?%r%@%nd bepbrdibe anipardio be

supported is an I nput node, proce reads the pertinent signals from
| / O si gnavbliggethatis eppibsd tnsatand impedaiagpd avioe i34 S dpaat 360ntTine chstrabde

R

processor 328%orpe@ides the data to be output. The signal encoded data is
generated in step 411 and applied to I/0O signal s circuit 250 in step 412.

St eprs] 5410- 412 &esondpedeble imnadanserdavice 340 and berattafinescitwitaparaties i n
c T : SO | . . sratt
havi ng a SURGTLIBAERE R rfinl Re f B ALE: 2° ik R8iod o BeiRY sPa OBk ac

in one of 3804 ubmldriad ©f a Velese tHdt dap texpeplied td batotndoadaslkiipedidrtet he

art can and will design alternative I/O signaling circuits that infringe on
this i nvefBYi6h 349. skie Tt BRJiSTCPRE VANaPIss MREGARNE €adrFes Bil8rand $48@re0

t hrough t 1L i i 2 uary
2003 dhat 125 s e8P he LB The boces3ibt bbRkfe M eSe detette LmoRR )
oper @0i ng i n oh® sifnaingl ciraiiti 250 odén edenfigoredin the Btibwimahodesxmhangi ng
information over,k,a_single path with a remte secondary processi ng devi ce,
said 170 SPRNAG g TRICROB RGBT L1oao0% EREroSUBEr Y NaviT kG oLoHind. and a
¢hi gh pot egdaRblcRUrBWHot nfedHtab iRHL SR AALLGRAIR BAl/O Bréuf 2581 Va8 IS thhgh
potential fromsaid power supply; a |ow potential termnal; a first

vari abl e skitediinibe areln progtammrocesserallienopeaiade i grodsest ether tan trani nal

and said tial t i * a second vari abl e i npedance device '
connectedé%%%§g%ﬁﬁgﬁgﬁE?@éfb%@&%tiaI termnal and ground; a first circuit
for ¢®ntrolling firftembo® et L® s@fnasingifcut A50vedn bl nifignestaftcerodéye feana
second circuit for controlling the 1 npedance of said second variable

i npedanc 2208 G20 FHE-ARBRUS ANPriFT i1 Prawdaie drid SdliiampeddRdt.ci rcui t
and sai doé]r'foirc:égscyraéd 1@6% Baig?@g%_esi Ry oS rendarsid iﬁxgtéeﬁﬁcé( AeLRR!$10 W@?&?nce

device c gure said I'i'ng circurt to operate I n one of sai
pl ur al i t ycasfsesdiskvermbleiupedanasgdsavigaalld toiremaimiogpenentiepssesadal ()
processi naqpﬁfee\éiacgca & ,rlinse%ir(\j/aﬁjagl%l veolt%%téhto Op-Amp 360 which creates a contro!
20  voltage that is applied to second variable impedance device which adjusts the
current flowing from the power supply to ground. The strength of the signal is
adjusted to encode the data in the current flowing through secondary processing
( device 260. This allows processor 201 to change the current flowing from the
positive potential terminal 253 to the negative potential terminal 254 and through
25 secondary processing device 260. Secondary processing device 260 can then
read the current being applied to determine the data being transmitted.

I/O signaling system can also be used as a 4-20 milli-Amp input. To
configure circuit 250 to operate as a 4-20 milli-Amp input, processor 201 does not
apply a signal to first variable impedance device 310. The lack of a signal cause

- 30 the first variable impedance device to remain open. Processor 250 applies a
constant maximum voltage signal to Op-Amp 340 which causes a constant control
voltage 1o be generated and applied to second variable impedance device 345.
This allows the current flowing to be limited by 250, but controlled by secondary

processing device
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'Substitute Sheet 16 - 15 January 2003 2. The integrated I/0 signaling
circuit of claiml characterized in that said first circuit controls the
vol t age between said high potential termnal and said | ow potenti al
termnal; and said second circuit controls current flow between said | ow
potential termnal and ground. 3. The integrated 1/0 signaling circuit of

claim?2 characterized in that said sec circuit,c rises: a.firs _
resi stor h%ﬁ%ngpéﬁ%esépﬂfl}f’@orrﬁ?éé’teépc%r@ 'l BYE%‘Hat%gEBrféqmtf}e&ﬁgv%tp&??““a'
connect ed tgg,trm%,ggz&?hgd !cﬁwegpﬁ@\ﬂtré%ivécﬁééﬂtﬂﬁs tﬁ@@_a@@ﬂbﬁ?éec%‘gﬁgfﬁrgééégng

first resistor. I ntegrated O signaling circuit of
char act eri zedigeregdhat said second circuit further conprises: an operational
anplifier that receives an anal og control signal from said another side of

said first resi Qisgreimdaigdnaratesausradan ingicaling eLeitz!iete; £ dispeievalys ian
i nput gat i 0 firstet i 1. f '
hrougt safd ot 2P LR R S0y i< ROEaR A e npe Rlss Mg s and |

si gnal i ng cbactirdud setendarg mrhssssiediered 260.t HAD sSgnalingecicout 250 eahtbe
further conprises a first nonitor path connected to said another side of

sai d first epRie¥Rblo ergoderisqratecditat BHoNdeOta Prayids & agtivecdiseretst inplaimeds.

characteri | hd i | ' | : t4 ; 7 -
15 anuary PHosal 4D s & FEbssPht K m iR eBR e coB e MEdithy
term nal agensaites bWredrRHdnddol Vekdgenalert Sedonderariates irapddarndeadeice)Bab. t o
control the inpedance of said first transistor of said first circuit. 7.

The i APegr Ahediscretesialreiisitimen appliadi by agsesting onde-apsarHog asichnadita firsstvasiablaai d

Sai o i gh: etaice ShuFe Rt Gk Sahs! sl fieRbrbPeeRRRE REVEF T K57
first circyghbnbAdeeney whthnkingss tes vaigide dthfesbetwernspsditie mitestnl dermhipat

circuit. 8 The integrated I/0 signaling circuit of claim7 characterized
in that saR83tdmegatiyerpotential terriinal 266 ppesended taseseddaty WPassINg ¢edce200.

frst ‘o roine vobsoq haies feeatehoieh BrpRatlad U0 Hlnehi eRdl £oson 8R0°
char aggeri B@fbdn*ﬂ?hﬂ%t irs8pdrdte fifitar %at]g\?é digdretef inpat tnddd $dr fdcenlind data dy

source to drain fransistor and said first circuit further conprises: a’fuse
connect ed #pitlyiagra maxouupuvoltagessigorlito rEp-Ampldlstogensiratead gonstast centralui t

T that - salQl4B8.0r Sl VAol JARERERRP ARVICR: PAE: el & BPOAESed BV dNei gh
v sanpl SRR BPRE Bl SaSBYRLRHeESRD, LTI O 0 S
of claim1l wherlaiapassive dgiscretd outputrhodedeecessdridsapplies 0 voltage to Op-Amp
20 360 which generates a control voltage that prevents current from flowing to ground.
Data is encoded by asserting or de-asserting a signal applied to first variable
impedance device 310 to open or close the first variable impedance device 310. 1/0
signaling circuit 250 can also be configured to operate in a passive discrete input
mode for receiving data by processor 201 applying a 0 voltage signal to Op-Amp 360
25  to generate a constant control voltage for second variable impedance device 345.
Data is then detected on the current received over path 335 through Op-Amp 340.

1/0 signaling circuit 250 can also be configured to operate in active and passive
frequency input and output modes. In a frequency mode, the data is a n encoded
analog value. Processor 201 configurs 1/O circuit 250 to operate in an active

30 frequency output mode in the following manner. Processor 201 applies a maximum
voltage to second variable impedance device 345. In order to encode data for

secondary processing device 260, processor 201 applies a frequency signal to first

12



Substitute Sheet 18 - 15 January 2003 a 4-20 mllianp Qutput node. 12. The
circuit of claiml wherein said plurality of nodes includes: a 4-20
mllianmp In put node. 13. The circuit of claim1l wherein said plurality of
nodes includes: an active discrete output node. 14. The circuit of claim1l
wherein said plurality of nodes includes: a passive di'screte output node.
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Processor 201 can also configure 1/O circuit 250 to operate in a passive
frequency output mode. Processor 201 applies a 0 volt signal to second variable
impedance device 345. In order to encode data into the current applied to secondary
processing device 260, processor 201 applies a frequency signal to first variable
impedance device 310. /O signaling circuit 250 can also be configured in operate in
a passive frequency input mode for receiving data by applying a 0 voltage signal to
Op-Amp 360 to generate a constant control voltage for second variable impedance
device 345. Data is then detected on the current received over path 335 through Op-
Amp 340.

[/O signaling circuit 250 can also be configured to transmit and receive digital
data. One such digital protocol is the Bell 202 digital communications protocol. In
order to configure 1/O signaling circuit to operate in the digital mode, processor 201
does not apply a signal to first variable impedance device 310 to prevent first
impedance device 310 from completing a circuit between positive potential terminal
253 and negative potential terminal 254. A scaled, linear variable signal is applied to
Op-Amp 345 with 1200Hz/ 2200Hz data superimposed on the signal. Transmit data
is received over path 335 through comparator 340.

Method for Confiquring an 1/Q circuit- FIG. 4.

FIG. 4 illustrates the operational steps taken by processor 201 in a process for
configuring I/0 signaling circuit 250. Process 400 begins in step 401 by determining
which mode I/O signaling circuit 250 is to support. In step 402 the signals needed to
configure the circuit are applied to I/O signaling circuit 250. In step 403, processor

201 determines whether the mode to be supported is an input or an output mode. If

the mode to be supported is an input mode, processor 201 reads the pertinent signals
from I/O signaling circuit 250 in step 420. Step 420 is repeated until the mode of

circuit 250 is changed by processor 201.
13



22. The circuit of claiml wherein said integrated I/0 signaling circuit is
incorporated into neter electronics of a Coriolis mass flowreter. 23. A
nmet hod for configuring an integrated 1/O signaling circuit to operate in
one of a plurality of nodes conprising the steps of: applying a first
signal to an input of said first transistor connected between a high
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a power supply having a ground and a high potential

output;

a high potential +terminal that receives said high

potential from said power supply;
a low potential terminal;

a first variable impedance device connected between said

high potential terminal and said low potential terminal;

a second variable impedance device connected between said

low potential terminal and ground;

a first circuit for controlling the impedance of said

first variable impedance device;

a second circuit for controlling the impedance of said

second variable impedance device; and

wherein said first circuit and said second circuit and
said first variable impedance device and said second
variable impedance device configure said I/0 signaling
circuit to operate in one of said plurality of modes for
exchanging signals with said remote secondary processing

device over said single path.
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said first circuit controls the voltage between said high

potential terminal and said low potential terminal; and

sald second circuit controls current flow between said low

potential terminal and ground.

3. The integrated I/0 signaling <circuit of claim 2

characterized in that said second circuit comprises:
a first resistor having one side connected to ground; and

a first transistor connected between said low potential

terminal and another side of said first resistor.

4. The integrated I/O signaling «circuit of <claim 3
characterized in that said second circuit further

comprises:

an operational amplifier that receives an analog control
signal from said another side of said first resistor and
generates a control voltage that 1is applied to an input
gate of said first transistor to control the current flow

said through said first transistor of said second circuit.

5. The integrated I/O signaling «circuit of <claim 4
characterized in that said second «circuit  further
comprises a first monitor path connected to said another

side of said first resistor.

6. The integrated I/0 signaling «c¢ircuit of <claim 2

characterized in that said first circuit comprises:
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8. The integrated I/0 signaling circuit of <claim 7
characterized in that said first circuit further

comprises:

a second biasing resistor that extends said input signal

to sald input of first transistor of said first circuit.

9. The integrated I/0 signaling ©circuit of claim 6
characterized in that said first transistor of said first
circuit 1if a source to drain transistor and said first

circuit further comprises:

a fuse <connected between an output of said first
transistor of said first circuit and said low potential

terminal.

10. The circult of claim 1 characterized in that said power
supply 1is connected in series with a diode to said high
potential terminal to prevent a reverse current from
flowing into said power supply when said power supply is

in an off condition.

11. The circuit of claim 1 wherein said plurality of modes

includes:
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a 4-20 milliamp In put mode.

13. The circuit of claim 1 wherein said plurality of modes

includes:
an active discrete output mode.

14, The circuit of claim 1 wherein said plurality of modes

includes:
a passive discrete output mode.

15. The circuit of claim 1 wherein said plurality of modes

includes:
an active frequency output mode.

16. The circuit of claim 1 wherein said plurality of modes

includes:
a passive frequency output mode.

17. The circuit of claim 1 wherein said plurality of modes

includes:
a digital mode.

18. The circuit of claim 1 wherein said plurality of modes

includes:
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includes:
a passive frequency input mode.

21. The circuit of claim 1 wherein said plurality of modes

includes:
an active frequency input mode.

22. The «circuit of <claim 1 wherein said integrated 1I/0
signaling circuit is incorporated into meter electronics

of a Coriolis mass flowmeter.

23. A method for configuring an integrated 1I/0 signaling
circuit to operate in one of a plurality of modes

comprising the steps of:

applying a first signal to an input of said first
transistor connected between a high potential terminal and
a low potential terminal to control a voltage between said

high potential terminal and low potential terminal;

applying a second signal to an input or a second
transistor connected between a low potential terminal and
a resistor having one terminal connected to ground to
control the flow of current from said low potential

terminal through said second transistor to ground; and
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inputs of said transistors.
24, The method of claim 23 further comprising the steps of:

determining which one of a plurality of modes is to be

provided by said integrated I/0 circuit;

generating said first signal and said second signal with a
processor in response to said determination of said one of
said plurality of modes to be provided; and transmitting
said first signal to said input of said first transistor
and said second signal to an input of said second

transistor.

25. The integrated I/O signaling circuit of claim 1 wherein
said single path is a pair of wires common to all of said

modes.



