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connected to the circuitry needed to support the node.
mass flow rate of the material flowing through the flow tube or flow tubes. The mass



Jhe need for separate circuits for each node supported by the el egtre8Rb{2003
Is a problem If the electronics are to be adaptable to provide signals’in
di fferent nodes 25 to support different nodes, an additional circuit nust
be added for each node supported by the el ectronics. Each additional

circuit adds to both the material cost and assenbly cost of the
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added, the specific node cannot be supported by the nmeter el ectronics.
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other problens are solved and an advance in the art is achieved through the
provi si 6n oteasorldignas gmal éxeruts imstiuctivhato detecapd e olasspowitraiegand adher
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between a f klegtroniRd canIBeRM@ndmit &8s iformdtdnstbensddongiaey pesddssitpdevice. Itis
capabl e of operating in a plurality of nodes while 10 using a single path

t hrough t healsorposstble farthe aseten etaatronisis| tovieeRjversignals franptitesecandary device
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to ground. fidm-afitiveorftrarsmittang sidrhas itortredaetsrs éectroaiasant e acahkuctions Baded

to conplete a circuit between the positive and pegative rmnal s inside
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signaling circuit to operate in a particular node. A controller executes
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first si gnahottitieedo Hitftal sipRAIINGAULZPMRIIAMPenAsiagsighalingeattive 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. If the 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 1/O circuit while maximizing the number of modes supported by the circuitry.



25 conplete or break a circuit which in turn controls the current 18 FeiMi4 2003
through the secondary device fromthe positive termnal to the negative
terminal. In the preferred enbodinent, the first signal is a digital signa

t hat opens and cl oses a p-channel MOSFET transistor. A second signal is

al so generated by the controller. The second signal is 30 applied to the
second vari abl e i npedance. The second SOJUriGMuses the second vari abl e

i npedance device to change the anount of current that flows through the
second vari abl e i Hife@RR¥e ane,plerinieblegivardl. savethand @t @dvanteur the art is
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out below. This ITnvention is an integrate signaling circuit capable of
operating i deoive.of a plurality of nodes having a power receiving circuit
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circuitry configures the single path to provide current, in a one of .the
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two variable impedance devices are controlled in the following manner to configure
20 tfwe I/O signaling circuit to operate in a particular mode. A controller executes
instructions that determine the mode in which signals are to be transmitted and

generates signals that configure a circuit. |
The controller generates a first 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 controller. 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



includes a pick-off proximate the input of the first resistor andi@pebruary 2003
operational anplifier that receives an analog control signal froma
processor and a voltage fromthe 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

i nvent i on i tesidtart carnrected tetite $dcondmaniebld impadanicerdevideseayses adeldage fhict
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potential term'na recelves a I nput and establishes a circuit
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Anot her_aspect of this invention is that the voltage control circuitry also
i ncl udes a Y9908 yariahladmpedaste davitmie ceatreti SHITERL ipwing fiose dheipryver

circuit and a gate,of the second-transistor ,to bi,as the . ond transi stor
o ool SIS distals TRt 3R sHieBhe i horbhiS sk “RrRB the EB0PREE
control ci ieahdrhiy ot ivdI8IgHERSIn ﬁ@ﬁ%@m’éh@%s@etfcﬁﬁibﬂ@& that receives the
I nput signal froma procesgor and has an 10 out put connected to the gate of

the second transThis owentiontidien irtsgeted U0 signalineientit capabieobopetatiagie coad

transistor i,s a source to, drain transistor and the wer receiving circuit
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power recel'ving Cclrcurt Inc hat events curre

f1 ow ng i ntconaetvoithp tstricA fipa\eebestyfithys invantietie dohfiglifatiop@iveuitrye derougRg
circuit when said power supply is off. Another aspect of this invention'is
that the pltde#Q signsfingrstredit iaerngating saidmpwien NecamnaairgHit tontheehighrpsitertial

m e | SBRRbEEY Wi polRdivel igihel e iyl £ 3R FRot B € High hefendr
of nodes i ReiMiAGPANRAtd MRy Eb%‘ii@t@r%a@@veﬁﬁ%‘ﬂﬁdglé\%‘tkhﬂ{rpééﬁ%%ﬁd ebnfidliration
invention is that the plurality of nodes include a passive discrete out put

nmode. 125 AGicuitty whpeain tbe cdnifiguratiecirouitryscanfigureséhelaimglei pgthoto pooldde

' nclude an c%%'tein\/?n fargn L e %%r%ﬂtty or %eo'des 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 betweén 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 i1&fdbieanA2003
passi ve frequency output node. Another 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 18 February 2003 Anot her aspect of this invention is that the

plurality of nodesmdthed agteecaopissirentonds etz thepultagedentrdnotduitry rgneids #f
this invention is that the plurality of nodes include a passive frequency
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neter el ect ppfrRl &frnin&iddPheSoWasstehliswBRhRIal. These and ot her advant ages
of the present invention will be apparent fromthe 10 drawi ngs and a

readi ngSof the dératherdspestafithisimrentivaristitat tESTRIGETICONOCHCTHE DRANAINGS: s
FIG 1is a riglis flqoqw neter co in the prior art; FIG 2 is a block
i agr am of - PREHHATRG B URET G PR PP RSB ReT R iEIas ok pCs 2ate Othe
di agram of ag, Aaﬂ;ﬁh&@%r't&%ia%f{h‘é%éco% tPéHs?etHP\éﬂpg g&;iti 5> FIG 41is a
fl ow di agram o € process of configuring the | fghaling circuit to

operate in a sel ﬁﬁbﬁﬂerﬁi@?@ct@Eﬁéid@ti@ﬁfﬁﬁbﬂﬁ@bl@g’éc@n&@! EitoRNREAIes includes
General -FIG 1 FIG 1 illustrates a Coriolis flowreter 5 conprising a

f1 ownet er a8$eaPNY biEFinprepigiontatrecdives fimineyt s@nahiesy a srasessonind has ans
connectgd. t er Ly, 10 _vi S o.provide density, mass flo
rate, \t}gl unﬁutﬁ%&wp@%ésg?ﬁ{l&q pﬁgeh&r}bgg\%fﬁo%’%qé%%s'%ﬁ\:r inforrr;atiyon over pa¥vh
26. |t shoul d beagsfireitbekOof thsRvekiidm QthdrBint the sdonthfdnsidisr @r£§8¢¥cte 1o

i nvention can be used by any type of Coriolis flowreter regardless o
nunber of ddiaietransistaraadibepeweofegsiviiRg circuld inphutes a REericoneetedibelissentahy

1034 and 1088PUERHHECee R APt ABRLTa bkt ROTIN A TGy & i ver
. . 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 Qutput 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.



104 and pick-off sensors 105 and 105'. Brace bars 106 and 106" SegyPedrGary 2003
define the axes Wand W about which each flow tube 103A and 103B
oscillates. Wen floweter assenbly 10 is inserted into a pipeline system
(not shown) 30 which carries the material being neasured, material enters

fl ommeter assenbly 10 through flange 101, passes through manifold 102 where
the material is di : Q](é?p ’

103B, flows throuéﬁsﬁeg\%spgggosftqlégnﬁﬁgﬁgqﬁggg andlgib]éeigsﬁoif ﬁ@\geﬁgﬁﬁgﬁ%ﬁaﬁ%
where it exitiscretdipuasseddl y 10 through flange 101'. Fl ow tubes 103A and
103B are sel ected and appropriately mounted to mainfold 102 so as to have
substantial |y t heAgaiker@assctafshisimantion s ahbsRuislity abmodes ingldde anassivie

nodul es abouhﬁﬁgg‘?%ﬁ?ﬁﬁ@%ﬁé\;w and W-W respectively. The fl ow tubes

ext end out war ( ifold in an essentially parallel fashion. Flow
tubes 10§A-B are pRrbthen abyestidfVek idhtion iopROSIE Sl ufliteof hjtkesdhautie tiheddtive
respective bending axes Wand W and at what is ternmed the first out of
bendi ng f ol dfrequenny ifpoivmetier . Driver 104 may conprise one of many wel |
known arrangenents, 10 such as. a.magnet. moupted to flow t 103A and an .
opposi ng coi | rmu?t'f’% ef SPREWPL Y '%@@B@n%mﬁ?? ‘?ﬁ%‘?ﬂ%@t}%ﬁéﬂ”?@%@g@@dw
t hrough the j i GALIS id Phsch €. A Sui tabl e
drive signal M?Q@B%?Fg@fob?{e%ter gcf'ﬁg% ?{)%H@S@EKZI%HW Vi a %@a@eﬂo to driver

104. The descri pt TasednddiBer ddVantayey bilthe preseritynvaentiom eldwapparént faem the
operation of a Coriolis flowreter and .is not intended to limt the teaching
of the 1® ~ idudegs anhadaedies. ofvbe detaleddassrplian ereebei ves the right and

| eft velocity signals appeari m ' spectively. Meter
el ectroni cs 20 produces the 0‘??§§%’F f"%’%*@@%'”&fch causes driver
104 to osci lFi@. e lao0ofitiRefow AiftenBEmHEERIn theripr @sgnt i nvention as

described herein, can produce nultiple drive signals frommultiple drivers.
20 Meter el dtiG. @ik @sblook giagramsofi thetmeted efecanicgdn ¢ t Godokmborwmetert onput e

fl d provid h | i dat.i . SY. .of th i i .
Path 26 prodi e 57 SABEAT Shandip sianaine e Lo T nyerBaB 88 er el ect roni os
20 to iqy erfmes Ms A Ry ARRYAHOHf tH\@]E)thceElsQﬁtdcﬁ'ﬂig@ﬁnéothienllﬁeéﬁghéﬁng cﬁg@ t?

FIG 2 illustrates a bl ock "diagram of the conponents of an exénpl ary
enbodi ment afparetedn assalectednnode20 which performthe processes related to

the present invention. It will b illed in the art that
the conponents of meter elect ronh@o‘é@%#m@ﬁgﬂ exenpl ary purposes

onl y. It is g, Pstﬁlé’wﬁ%té'rsﬁ ® ,l;l@,ral Lyees of processors and el ectronics in
conj unction .~ Processor 201 reads instructions

for perform ng tEGvarillesteatbsmcCorioks fidwineterfS cometising3® flonchetdr agsdmblymd
limted to conputing nass flow rate of a na}z%r_i al%I conmputing vol une flow

rate ofe0a nenérngler SlasiopiseAR iMeted elrstiopics20ds rareesiar te mptera el Pyia

Menory ( ROV) AR L : { jr

pert o m ng (pacy 1008 BB ephsit] tRiatthc BRe WlomBROWIE UEidiBha pidlk figw and

Random AccessthékinforsnatiBAMdve? path P6odesisauld BO kpparémnirtosthveadkilled imthé art that

operations in RAM nenory 230 via path 231. Paths 111 and 111' transmt the

left and ri e
Jhe presestinyenipg san deryssa BY annpe of &sislis flownetes regardiess of th

el ectronics The vel oci S] 1 [ by analog to 5 digital

(Al D) convgrn[%g?beiggC%F'He%e?é%ee*%@ﬁ%gﬁf‘é%@&%%b%ggsonvertor 203 converts the
left ampg right veliQgintYersdsdamily 40 iAtiIgHESE pairdifieages abhearty 101 06eAFSH R21
and transmts the digital signals over path 2'13 to I/O bus L10. T he
digital sigramdsflaw tubeartG3ddany 1088. Benngdedito flonolteses 30326 Bnd¥(3Bere dived s
are transmtted over /0 bus 2 to 12 i C ppl | fhe si S to
i gital o i ¥H RERRT SR 105 RO rs Hasg 10BRhd S0aleHYE T ERe he
convertor 202¢39 dhtans IbblefnicA vy kit 103 BAlN OB osBiRkfas26 carries
signals to secondary processing device 260 which allow neter electronics 20
and secondary pr d¢keersfloymiger ass@86iyt €0 ioimsaried dtte. a pipdiin2osyisterhoetss pavwhis
261 ang3 262 ich are connected tp positiv qutenti al teﬁm' nal, 253 %&ﬂ
negati v& potIHER §pTMiesthe fRRtesigh bging measiigHaMater i s eI Nowmeten a558Mmpii 1iong
circuit 15 ' I £AM t e ! ' [ : 3 140S
20, “ne sii (To4eN rEe 0 nagiRs, B BEnio, RIZRRLR e FREha SELan 6
have nmore than one 1/O signaling circuit 250. However, only one I/Ocircuit
250 is shown is for purposes of clarity. Furthernore, one skilled in the
art will recognize that the functions and gircuitry of /0 signaling
circuit 250 can be provided by any conbination of circuits that can provide
20 the functionality of 110 signaling circuit 250.




t1O signaling circuit 250 receives and transmts signals to I/ O bygsegd@nWoda
path 214. One skilled in the electronic signaling arts will appreciate that
/0 signaling circuit 250 can be used in other devices requiring 110 .-
signaling and is not limted to use in Coriolis flowmeter electronics 20.
Pat h 214 includes a power supply path 240, 25 a first data path 241, and a

second data path 242. One skilled_pn,the art w,l hZe i
and second d&ater fisay ﬁ@%&o%anﬁﬂ%éaﬂo%@@ow’\L!'J\Aﬂgi"ll tpgggga;a?\n%@@?gs%l%%kééﬁ
carrying data to_ci i o ol ti i\gnalts rfld s@ne |ines.
Power suppl Watﬁa{f'ﬂﬁ‘ﬁéﬂgwi% \gg%rnee'g?g%g {Hg%;;ggsg?tgﬁjegpot eildtm;ggl tdeg%m' nal 253 b
current flow contmgly tshéS103A ¥n@503Back setttadand@mprepriaelycneuntyd ssmainfold

circuit 250. Negative potential term nal 254 30.is. connected to current
f1 ow circui ti0R *bas &mbavelsuhgentalit ihelsame Hlﬂstsr%)sté@ﬁﬁ% WBFI?PES Pﬁ'é’e&’ﬁ-r%'?ﬂ

fl ow from secondar ocessi devi ¢ R YoAY TR :
2003 mﬁrenﬁqut@\/\'}“ééﬁ{erso? %t&%@pﬂr}%a%ﬁé\?—g\y %P?c\y\u/icwr/yregég%m%(l)yht ?ﬁlegwg@??%w
of current tMANIR ADIR] AIAlE S ifoRtinlarP60sdrmictly analic| Fagpiion 241 1 s

recei ved by Curren control circuitry 251 and causes the anount of
current flow ng tRe@rtabas 10BAMR asgtivsrenly deen Hife icopRasie digctians @poptheir

recei ves second i nput 242 and adjusts the 5 .voltage Li

processi ng des/wéivgemendim é%?ﬁ)\’%lénq ﬁ@ﬁg artéf‘é'@(%\'/%geqm%ﬁﬁ?.ﬁgf&?g?gggﬁﬁ%%]d
circuit 250 is, di.fferent fr.o I i i i Fiani

Circuit 250EIne BRnEIAL JRFEE PO Flay nGideine Br plarly ebkhown rtander oS,
si gnal ;g N Qpenels aHiddreh enatries s Appeubed0Bs andsys bpposinglcod mewneditodiavng

through circuit 9 0 250 over a single path. This duces t.he n er of
circuit pat lisbe HD3BghAn aitersiatinacHignids pagsed %@U%&%OPW%‘ g ﬁobjg!'g&%‘é%e pRtp
nunber of conponents .needed t.po manufa G L I nAL i

of 110 5i gra¥PROIEPRERE. Z58 R0 DO YO HH By o S ep SRR A 1ty
instructi on_sntoqoqﬁ%gqu_ el ddseRstidr of FIS. Arieprovided madralyt as eonekample of fite
signaling circurt or operation in the desired node, The bel ow 15

- descri ption dpferaﬂibremra)C@riwietﬂbmmmhandeﬁmﬁtlﬂ@tr@@%vd'mﬁ@%itﬁﬁﬁrl””Saﬂf e
configured to performin a specific node to using one path through circuit
250. 1/16 Si gaseMgneeMii-t+ 250- FIG 3 FIG 3 illustrates a preferred

exenpl ary enbodi nyot. Qfie it i 56 Ybdeid@OtheQightdrid leeichsiocityretgmalt appletaring on
recogni ze that there are other possible circuit configurations that 20 can

be used to geads tihe ananel T asspectively. OMstaeiestranies £ Mredusss the caivesianahalt
th 300 f ly. In thi i i
i porar  poverd 8 a0pryon Pasesbb e 108 daFsiTRB R Dae 103 3R 1R, Tihreseh: *

current fromflaow ng into I 1& BEvPSIHRE]s FropPinvitite Ofiers.
D ode 301 iéméergm/%n#%&g'gkgaﬁiegegmﬁgﬁyea@mggbode 1N4%glsproduce(§)$ebyl &S

Mot or ol CoryaetdPaldbi@iifcd 30 bftsess tafnend ghttveladity signals tacompuie MRS fiowtrate
positive potential, positive potential termnal.253. A s€ erJqo.nal. i
the nost negatd provisist thstvadifatien sySiam i Presh] Heﬂgﬂht%@%}gﬂq@g% inpt

term nal 254. Positiv ot i.al ] Nt Padeow iR tahad tor.
ternminal 2548 ﬁﬂé’&p&ﬁga@%mwgﬁr&o@:@ggF%g%gg\%c%‘@%o to all ow curpreerraltort o]

flow from | /\@ekirgnakideic800Gh BaHdralFaG. though secondary processing devi ce
260 and backto circurt 250. Those skilled in ftr“a art will treqogrrlliezxeer%h%t
can also flow in Flfe Bpjlusiratesdar eleek gjagram of tne components © piary

25  embodiment of meter electronics 20 which perform the processes related to the

present invention. It will be noted by those skilled in the art that the components of

meter electronics 20 shown are for exemplary purposes only. Itis possible to use
other types of processors and electronics in conjunction with the present invention.
Processor 201 reads instructions for performing the various functions of the flowmeter
30 including but not limited to computing mass flow rate of a material, computing volume
flow rate of a material, and computing density of a material from a Read Only Memory

(ROM) 220 via path 221. The data as well as instructions for performing the various

7



9 18 February 2003 A first variable inpedance device 310 i s confeedughry 2003
bet ween positive potential term nal 253 and negative potential term nal 254
inside I/Ocircuit 250. In this exenplary enbodi nent, first variable

i npedance device is a p-channel MOSFET transistor such as transistor 4P06
produced by Mtorola Corp. 5 First variable inpedance device 310 is

connect ed t qupaldhs300 YidteBah ", a0 122\8%%%459@8 PORIAR 856ITEPockLE N I s

path 311. Thernmal "protection enent ciricurtry fromover

current as gesirnbedad@nawritEheygratiops ot BeIM omerabgn280 v&ilgaths2 3
auto-reseftab!e fuse such as ‘Ioart # SMDD50 produced by Raychem The out put
of thermal protecidtioh!1d @nght1Biensenit Hitiedt and f’@htﬁ@oﬁéy ﬁ'QD@'%ﬁIQm fowmeter

Mpedance. aoreen¥ied By SebFhER% T e SpRERY SR E Bty $BaRgig
path 33@ t o Jppenang c6hase a3 ﬁbﬂn@témé@t@dﬁm2dewgeco31wnoR2§3%bﬁ0e§9§wéléﬁ
connect ed betvveen path 300 and 330. Path 330 flows through 'resistor

Resi st ors 3@&drighavelosditpsignals to@gléailsagnmeslabie@ydwceescbrrm Frad I’hra:ﬂ@mlts the

Resi stors 305 and 325 are cqnyenti onal siors, su h,as, a ten Kohm net al
film It isdgigssignaisayespat h@tcaﬁ 2T STRE IR Pichiaud afe Garh BRGY S Bt

|
500 vi & pat A 1598 PHERARLF ou 2 nfgsiLg §é’§2%r"%e‘*€”ﬂ“age O Hs 21 RS PaNIFLP2
terninal ZSWHMHébJﬂi@srtﬁéﬁmblstt@ cﬁ@ﬁtm Mna?@@(D/B@tbnﬁéﬁome'Ehé Bh@l@gh_;lgnals

conparator 340 and carries the signals to O bus 210 via path 391 and
t r ansnilft edfroe Bfocerezrtor AR am fs@nsmdtaﬁhﬁq dnives i0fpeamib 1d8vi ce 345 | s

Pt s exenpl ar balhas cesA s e aR s St b TR B Enl AR IR0 e gty Bt
n- channel Mefgkkdnick aP® iawdosecatid drgsprolceksiag 0deévicé PBTEEd eDrmBtiMRatk. STERAD 6

variabl e i npedance devi ce 345 via enhancenent node path 344 and ground.
Pi ck- of f paticiB®s natbwQaésartdh%62/wm@@ercac@@rsgcteééoﬂaﬁtl\%poueotlabtemmazma

R R e ol Robh ] omit iR A BA T 250, 137 b croui
gfgxglr igr {280 i0p l\elafr,fe §3§gr&w@e§/9bt§§ﬁals%mevédelgaﬁémegtzb Brve SKkili&d A @t
will recognize that meter electronics 20 may have more than one I/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 /O
signaling circuit 250 can be provided by any combination of circuits that can provide

20  the functionality of /O signaling circuit 250. '

I/0 signaling circuit 250 receives and transmits signals to [/O bus 210 via path
214. One skilled in the electronic signaling arts will appreciate that /O signaling
circuit 250 can be used in other devices requiring 1/0O signaling and is not limited to
use in Coriolis flowmeter electronics 20. Path 214 includes a power supply path 240,
25  afirstdata 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 linesin 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 controi 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.



processor 201. The digital signals are then transmtted to processgi 39§W2003
via 110 bus 210. Op-anp 360 receives an anal og control signal fromthe
processor over path 362 and the voltage across resistor 350 over path 355.
p- Anp 360 conpares 10 18 February 2003 the received signal with the
voltage fromresistor 350 and generates a control voltage that is applied

to second i npedance device 345 via path 361. The control voltage controls
the armount of cuCumant feutcontrohsiretitip PP iSeemdry Hirs FanNde!sIee; ¥fzurent
ground. 5 Second vari.abl e inped device 345 a he att.ached circuitr
are'The curthimeny /Bl BBAERe EeH 5D P e or heaees 16 1BHPER B kst i
.applied t - | |, b2 8ht B8R ' o
second var (LSO (ohsandnas da EauSay I RIMAACHR cLiteht RBMREITRRRLAE 0o
i npedance cdeMisted. 3Ad)tagrdcdtiol @ireuitiyeabariasttesds bgorichimpsit ga2landl Lajudtbehe
processor to operate in one selected node. 10 1/0 _signaling circuit 250 can
be con &i gwelagereamieds i seransgnedece NG SIsVEeN40? Hd resmans®i teythe geraived o
t he above gechibed circuitry. The foll ow ng exanples are not nmeant to
linit the P& ionality of 17O circuit 250. It.is left to those skilled in

the art to prognayspnaGegerEuizfd0 Es%iﬁ@r@r@‘fr@nﬁ BthEp escipdure lof tHEABHd ¥ in that

exenpl ary nodes given below. , 1 ~ Afirst node that /0O signaling

circuit 25@ircail 256 a=oniie gantigured ipithe betow deaerizethmagngr R0 pripvide 4/Qnsignals
output. In,order to provide the 4-20 mllia out put cessor 201 does
oot Papol y i g e BPR mefes Spapied Pinss BieTRat Wil cutreBt A5 NRE it U
first ri i HO i : : :

bt A0 280RYETBRARIC Baff S rethicRsite hEMHe of BRELIL IS BIOR6R FEYsighing
control 20ckelit 2§60 vitiet in wrepeduced the meserbf\com@drents npedethtremdeviasture

whi ch adjusts the current flowing fromthe power supply t round. The
strength ofirewib2§PgnHie Fanfimyratioral Y@ sigRaing ‘E‘Wé“tﬁ[%a‘si 9?"?% s8Ry Ricessor

flowing th h C i dey| i I C r. 201
to change ¢Rd BIRACSREH s RERFASHDCCEEhERE Mo [3hEnR OB RILHETES €5
t he negat i yenf@ireniOadigh&liny iedui2280 sodopbratioghin2he hsiradanyd @ oTeeshélgw

devi ce 260. Secondary processing device 260 can then read the current being

alppl i S@ t odgecrémtiﬁrn@f tame elalam!a:mi ermbedianent ded@nsiratgsshgmalligignaltean den
- 20 pi Ll - Ao T ' L CUi
LS %Ry YRR b RO e B B0 bR SNUA B0, B8poper

vari abl e ingegmﬁng@{}&ﬁ F Fidhg | ack of a signal cause 30 the first

vari abl e inpédance device to remain open. Processor 250 applies a constant
maxi mum vol t age F§GgAallustatep aprpiesel exemplard esewdimenhet [fatcircuiitdaf). One
voltage to enerated.and applied to second variabl e.i npedapce device
295, i s skiedd ece & il tecodRRauRuhBes BE Phhef P Bl st SRl rsibro et
by seegnda Q%%ﬁ' iHEN 8 HEPSHARNNE ORIEES) rddeReRSSWerdl:
recei?gs cgg?@%t d%ﬁ%ygﬁH%gﬁﬁkéggufronynégatiJ% pot enti al ternina? 25£
and cur r enpafi 300 fereiaveowensupplns It this eankodiment, <be gposkersupplyde ssunigolar
device 260. Discrete data is a nechanismfor indicating a digital state. A
di screte vBPWETS¥PBYa one or a zero in digital terms and is indicated by

t he vol tage acr ) : I S i ice
260. 1/0 signal?%g1§?9gkgsgagaéggﬁ “%ﬁﬁﬁgﬁégggn o} encggg*gﬁggﬁgte g?ﬁﬁgln
order to ptevpowensupslyiwerdicpewer supply isroffe, DipdeGNsisra @itvempiphakdiods

constant maxi mum voltage to Op- Al 360 which in tur enerates a const ant
contr 8P vosielyes gigse | Q@ﬂ@qu%)é”ﬁ%@&ﬁééo-déé%hgw%ﬁﬁ?em@nﬂ%tﬁﬁ odhet e

value is then. | i.ed b £ - j ' fi

variabl o i ISRHEARA TR MR RE AR o e, SR b Talte Aol 888 | ASesand.,
devi ce 310tdrmippea m@dn@semgmb@ hotdstig aerminal bt soearatairegativeemiential
positive potential term nal 253 to negative potential term nal 254

present ed tesmiralodGthr Joptive potentipl derming! 260, and Segstiva potemisl datnasat Ba4

data being_transmtted., 11 0 signaling.ci It fi.qured
in .operat goRpe ﬁoa%qqq;i@%pgo&egialggic{]?% e%&d{gﬁ%rﬁpﬁugg%t\%ﬁogﬂégvﬂ?%é%g’ﬁbﬁ% ng
a nmaxggum egED, 9 iy ifPd S8E@ P8 and baeR S sifduitcPsd.r Th
voltaggutoﬁgggond'3?%%%%?%&3npedgﬁggégggﬁge 345. Dgta IS theﬁndetectegs%y

t he vol t agskitled éctredadwili revaignizedthabgan ehgsafiewdn teuoppasiedifestionve discrete
out put node, processor 201 applies 0 voltage to Op-Anmp 20 360 which
generates a control voltage that prevents current fromflow ng to ground.
Data i s encoded by asserting or de-asserténg a signal applied to first

vari abl e i npedance device 310 to open or ¢lose the first variabl e i npedance
device 310. I/O signaling circuit 250 can al so be configured to operate in
a passive discrete input node for receiving data by processor 201 applying
a 0 voltage signal to Op-Anp 360 25 to generate a constant control voltage

r o o o o o A ~ 2 - N T



frequency input and output nodes. In a frequency node, the data i rebFiary 2003
encoded anal og val ue. Processor 201 configurs 1/0 circuit 250 to operate in
an active 30 frequency output node in the follow ng manner. Processor 201
applies a maxi mnum voltage to second vari abl e i npedance device 345. In order
to encode data for secondary processing device 260, processor 201 applies a
frequency signah fir& Jdriadle iktpedakteh@dita By 038 @3nratictbbendtmessditee devi ce
310 which changes the voltagde across secondary processing device 260. 1/0O
si gnal i ng poteouklttersnat 3h3 andndgstiverratgotiaiderming &b4tiaside I4a cienitadd0. In

f ' de f i vi.ng data, b ' . Bxi |
i anal to OB RATREY eEepratace THmerinim Bkt o G def T e HarHdartna
vari abl e SyORrEiRREAsERH SRhIOtra Rt RriaP ISR HREH EMoMr dd Eopplr I ent

received over path 335 through conparator 340. Processor 201 can al so
confidure 1/0 drirdvetiabBOmpedapeeatayitan340 passnnecteddqusitp0dutip pathndd®.

Processor 201 .appljies.a .0 volt si o) d i ahl e | npedance devi
245 T ordlBrrEsRehEGiEetbn St YRl e Hrr e v R G ey <18 572
processi NoyEectS t28RuiPf RESSSMr el H8Scrdbdd BEMRNCYh SR rofetfdr St
vari abl e i npedance device 310. I/O signaling circuit 250 can al so be

conf i gur ecelemeopdt aisan puto-peeetiable fusseeit gsipasid SMAESO rodecsd Pyng dat a
by appl yi a,0 voltage,signal to - ..360 to ate a_constant control
Vol ¢ age 1 otebesha ba R e Ao Rl iRt R B PoRer BT 68 on
the oy rem4y eceived over path 335 through Op 15 Anp 340. 1/0O signaling

circuit 250 can also be configured to transmt and receive digital data.
One 'such di gi t an te erokediment ivodtagel gortod cifcyittyal 52 ismprigvidsast byfist pesiabin| .

mode) pr odPEER §¥liBes Rt ARl SrE T HbbSsT 7 PR Blidbasial 257 Widhilh.
devi ce 31(@3I0ctopspevedid tlossivad@bigpesedureedesvice 3300 Resistor BUB! i icong ezted
circuit between positive potential term nal 253 and_ negative potentia

I

terminal 2giwesn gat] 860 and Rk Raih 380 dowsghsquarsragipr 845+ RegistarsH 3835
ith 00 / j : | ) ) i

ecei'vad B8 TR AP AR O 0B pR e RIS E 309808 9% an
1/ O ci r cuidre cbhentdbna? beddtors dudtH Ba# teatiSshinheetgidimat [tonpbssibepe tisden by
processor 201 in a r?ces for confjguri n% %}[O si.gnal ing circuit 250.
Process 4609Be '?fﬁéerﬁﬁ '$hg ERﬁStBSI'rHQ%ePrrﬁS n _ﬁ‘v\ﬁﬁllt' A node 1/0 signaling
circuit 250 I's N SYeRRkdntidl !'tbﬁr‘iiﬁﬁl 292 14 BR ol RLESR pPatePBAD s € the

circuit are agglied to 1/0 signaling circuit 250. In step 403, processor
201 det er pieted3dh&idmepareter Hihsensesbesvpinge ledel presant abigrminal @9 4owithut

The. 39rti IoTRTS A 2. THRRCH IS Hebfad oD c i PET 800 (s R0
i s repeat eihriaid id I/Ohrisnpreviafpath Boizhd2béhdraiteliaegsdchysgraressor 201, 73

1 B.February 2003 . . . . ,
\ A second variable impedance device 345 is connected to path 335 that

—

( returns from negative potential terminal 254. In this exemplary embodimenit,
second variable impedance device 345 is a n-channel MOSFET transistor.
25 Resistor 350 is connected between second variable impedance device 345 via
enhancement mode path 344 and Qround.
Pick-off path 355 provides the voltage across rasistor 350 to Op-Amp 380.
Pick-off path 355 also provides the voitage across resistor 350 to a monitor({not
shown). The monitor (Not Shown) is an analog to digital convertor that converts
30  the voltage received over path 355 into digital signals that can be read by
processor 201. The digital signals are then transmitted to processor 201 via /O
bus 210.
Op-amp 360 receives an analog control signal from the processor over path

362 and the voltage across resistor 350 over path 355. Op- Amp 360 compares

10



If the signaling node to be supported is an input node, steps 410mg4edrafe2003
executed. In step 410, processor 201 receives the data to be output. The
signal encoded data is generated in step 411 and applied to 1/0O signals
circuit 250 in step 412. Steps 410-412 are repeated until circuit 250 is
configured to operate in another 5 node. The above is a description of an

170 si gnal {agregbivel! digha\itir i iRdefrent fesistbpBeb érme?éﬁé@wéé atdh@itrelan be
configured to operate™in one of a plurality of nodes. Tt is expected that
t hose ski | vategenthehis appliechio savdna impatigicgrdevice Bddtvig @ath 863 ghadicegtrol

i ther 11 tUrAG G D Ao ChEoBeer MTdoare il bserphd sl Baite
February 2@4133»(01?1@%__ is clained is: 1. An integrated 1/0 signaling circuit

capabl e of operating in one of a plurality of nodes for bi-directionally
exchangi ng i nf oBeeondMasaEe impsidagte devide 345 erd ihensitachaskermidiry are the

Pavi ng GOt TEik I Rl girBenst & Pt put e SRAE Sevara iy B AR o
recei ves saa@lidésHyPRIARL dbitddORa1 6 ROUBPlIiISYRPk¥coRd harabrRligfie@ince

termnal; a first variable inpedance device connected between said high
potenti al daics B4b. ding firat ent swecpod eariahle epedande davises i@ ar 3415 @re

L PE et o PEliay SRl e igats TERR D SEARRSE o CBReier cLp e iRy i
i npedgnce devi cgg ﬁgr%ﬁggtgad&iiﬂm tah B CAgLRLY imehd RfloWIRE st BY, sai d

second vari abl e 1 npedan evice; and wher€in said first circuit and said

second ci rapplyinghbe felicving signalsita tis above deandleed sirrdieryanihastaliowdsgond

o ono of SRS aranct §Ra e it PeRbunnaty % SRAVEZEH it P PRsE

secondary gileeBthBGiRVpRYroveirosassors2@teopatdte in niddd=sbthentya?@fd 16 2.
3. 4. The integrated |/0 signaling circuit of claiml characterized in that

sai d firsteX@RRIANt MegRsIIYEN PAOW ol t age betweén said high potenti al
Lo oo o RRP RO e h bR el b B <
1 /0 si gnalarsjog dr2untilliAmplaitput? Iehendec te pradde itne ¥H20 nsbiechpsecipud, ci rcui t
conprises :processor 201 does not apply a signal to first variable impedance device 310 which
causes first variable impedance device 310 to remain open. The processor 201
applies a scaled, linear variable voltage to Op-Amp 360 which creates a control
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 to be generated and applied to second variable impedance device 345.
This allows the current flowing to be limited by 250, but controlied by secondary

processing device

11



a first resistor having one side connected to ground; and a first1g February 2003
t'ransi stor connected between said | ow potential termnal and anot her side

of said first resistor. The integrated 1/0 signaling circuit of claim3
characterized in that said second circuit further conprises: an operational
anplifier that receives an anal og control signal from said another side of

sal d first rag Sbg&%eas@g{ %’@)efe%teﬁlsesacufrpéﬂtrf%w Y)%{ ?l%‘?h thal fr{)ﬁwf ﬁg%tg\geﬁagpenqgl

[ nput gate of sai I'rs ransistor o control curren

through sai defrhinat 234 angicstent Phwsatslveecondins thewddta flom Sbonddrg@res&sking O
signaling circuit of claim4 characterized in that said second circuit

further corr@ewisi?@sZGQ.fi rst nmonitor path connected to said another side of
said first resis

. 6. . The i ed /0 signali ..Cl ' f claim?2 .
characterized in O’%\%{?t%g?@ei? Iraprtgg %ﬁ@aifpf E@%&?’H@éaglt%ﬁt% I L@‘Met%b‘(%%‘fs a
first tmansissfpy oﬁlﬂﬁ(‘irﬁ ﬁ%it%?fe‘%%%nﬁ% ﬂgEBaﬁléH P?El’?er‘%lréqé §c§r8‘s€?érirﬁrﬁ 62%%' Fhd

| ow potential ter receirves a digital” signa o contro

i npedance of54athebddh seconddryi sroeessihg sievitef 681 O signtling .cirtbie 250t egn ajeed
/0 signaling circuit of claim®6 characterized in that said first circuit
further conSMRiediorgneadesisgeirdaiasi’prieréeRiIdE R NRAtivesiscseiednpiignode,

PP eui t to BiheRbr 207 AhieRB bofbahf il v o CH-altln, 38D it T aum
8. The integeatried AQT <taR ddrat VOREGES o0Er 60T VaghBledaimidanes devidehals,

said first circuit further conprises: a second biasing resistor that
ext endd0sai dhedacreteivgiug isttbes appliedipuasssting osdetasangingasigosl te fird variable

ircuit. 9..The int t I/ ' | i ' it _of clai h terized
n' Chat sai RS daicr 10r The S Prudes 1% bafeofe Pafkdaie i icanabric
in that s dr B s S EOISTEPS _

petwoen an SDeRar ol ar )T\ T Eiabe e YORAqE SRS bBRRye pORFe RRRITE] Fimina

| ow pot ent i 263 teemed ative.paténtidalterminzl@bidtpre$entedtos acardargpragassing davide260.
sai d power ' eries wt de tq. said

pot enti al t2H%Bhé?é$B‘%gg%ﬁtggkﬁegﬁgP%S@Pg fadl?migﬁii ﬁ?@rﬁ’gq’ Wg,@rqiﬂiégs%malso

power ppl | d; p. | ~Sivrd TH 1 NGhiatal i | It
o el a1, 4R CRERGBR P BPfa o Ak Bel) IR obs ey e PO a Bl B
a 4-20 m || appipingud mximuaeevolidhe Sigaacio OptAmef380 & gefiemteretonstanidcontrol
plurality of nodes includes: a 4-20 mllianp In put node. 13. The circuit

of claim 1 VHtags to seqandovaniabletiypedansadieviaecdfdes Daia inthen ee@ctad by dhe
o P o0 S Sl et B S el Pl el iy, of rmdes
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20 360 which generates a control voltage tll?wat preven}c/s 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 I/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
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a passive frequency output node. 17. The circuit of claiml mhereHgFggkgyzooa
plurality of nodes includes: a digital node. 18. The circuit of claim
wherein said plurality of nobdes includes: 18 February 2003 19 an active

i nput discrete node. 19. The circuit of claim1l wherein said plurality of
:nodes includes: a passive discrete input node. 20. The circuit of claim1l
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21. The circul Wwherelinh sai y ol Tmode
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term nal connect edPreeesssudl €an cise configue 1/ bwiretit i Entopreraim Eag doasnive

otential tergnal thr | d NSl St t ; 8 _.
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transistors. 24. The nethod of claim23 further conprising the steps of:

det er mi rithg wdegssing:devica 280upaptassoo20itvaeelies at beguennyosigdaldtobiirss ajatiable
integrated 1/0 circuit: .gegekat, said first,signal,and said second signal
Wi th s procedBBRIRTcH deptnadds HoLdpRinG diaitaay AR ais3kn Suinted Mdpdrate
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said input of sard éfﬁ?@?ergglygﬁg?@ﬁgragg%geggiﬁ}éﬁ%gggg??Fgwmd tétcg) \Zﬂ%lb?psulpﬂg% to

sai d second tOmAsIE860 to geRratd hecdnstard canéd! vollage fpraddcogdoiariabld innfeddmiem
1 wherein said sin is a pair of wires c all of I d nodes.

3 o A AdEKpe ATk MDA IR CtRr SMABE CHETePY BN a1 336 IRLOADDE
\ 15 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 /O signaling circuit tb operate in the digital mode, processor 201
does not apply a signal to first variable impedance device 310 to prevent first
20 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 Configuring an VO circuit- FIG. 4.

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 determining
which mode [/O signaling circuit 250 is to support. In step 402 the signals needed to
configure the circuit are applied to /O signaling circuit 250. In step 403, processor
201 determines whether the mode to be supported is an input or an output mode. If

30 the mode to be supported is an input mode, processor 201 reads the pertinent signals
from 1/O signaling circuit 250 in step 420. Step 420 is repeated until the mode of
circuit 250 is changed by processor 201.
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secondary processing device, said I/0 signaling circuit

comprising:

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 wvariable 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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3. The integrated I/0 signaling <circuit of «c¢laim 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/0 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
v generates a control voltage that is 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/0 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 <circuit of «claim 2

characterized in that said first circuit comprises:
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of said first circuit to generate a bias for said first

transistor of said first circuit.

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 said input of first transistor of said first circuit.

9. The integrated I/0 signéling circuit of claim 6
characterized in that said first transistor of said first
circuit is a source to drain transistor and said first

circuit further comprises:

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

terminal.

10. The circuit of claim 1 characterized in that said power
supply is 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.

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

includes:
a passive freguency 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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20. The circuit of claim 1 wherein said plurality of modes

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/O
signaling circuit is incorporated into meter electronics

of a Coriolis mass flowmeter.

23. A method for configuring an integrated I/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 of 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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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/0 signaling circuit of claim 1 wherein
said single path is a pair of wires common to all of said

modes.



