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WO 2005/ 040735 PCT/ US2003/ 031027 TWO- W RE BUS

| NSTRUVENT Background of the Invention 1. Field of the
wonuesnose 5 The invention is related to the fperaseds3/031027

two-wire bus instrunents, and in particular, to an

entirely intrinsic - Wi Kast rument

for a hazardous enﬂmm%@%&mp t he
Probl em Fl owreters are used to neasure the mass fl ow
rate, density, and other characteristics of flow ng
materials. The flolpekgrenndof theslnyamieBnprise 1iquids,

1 9858 rh ;éz%nﬁ(? ined |iquids and gases, solids
sus i quids, and liquids including gases and
su S]ﬂﬁﬁﬁimitlsrii kd idRitedro nthefeldpl eyo-fliebne tinstsuraeres, wind éd yarticular, to
used in_the wel]l productiaon and refining of petrol eum

an cafiee RS SBe SHTYISS DUS TP BRE B ad7apiovs Sy grgnent.
2 Sﬂﬁé;ﬁé’ﬂ%f‘ﬁe%})}ﬂernpr oduction by neasuring a flowrate
by neasuring a mass flow through the
f I di/ln\emete)s, aramskdtameven thremassatbw mte edeasm, raad tottheer

et s BB R Ay B ot i, s
confHIEdRRMBRhd gfsed, JoRAREAPLIRIARY liGMBgIRAL liléﬁﬁdseincludmg gases and
conbusti ble “vapors or particles are present. An

suspended wﬂﬁém F@p@ﬂaamim gowmetars Arecwidely tUisesh n ?h?swelbﬁfoducﬂon and
reﬁ@g%gg%m% algﬁj \e}% e#go%g\}nlf gogi}l%tg %Vﬁé%t%] !c&ﬁ pg ugtgleto determine well
pro@ifsibg B ﬂlehﬁlrﬁ‘@feﬁﬂl(wv eqe (i, byl Iﬁe&uﬁﬁgﬁfn‘h@ﬂ ﬂoemt\hrcsuyhrrh@t

IS t);pl cally designated as 20 bei ngyenlggp{g%tg%isc?‘ltﬂe gas and liquid

flovggeten), qud.ogn et used sppstermiag the Tt
es low level electrical voltages and | ow
Confp\é’verﬁ%ﬁ rical currents that are known to be unable

t 0 @meugpe of fipwibienenviroanitardradansdersemarmernt wﬂib(a coinbustible
shows aéwo wi re bus accordin (%@to the rlord? suc%tg
Vapais O PRTEACHBISPFRICI AL FSHEMSTSOREHHE i FUER eepditiprs must be
desfgﬁgd‘é{drﬂlﬁ{ufédﬂtireﬁ Wl@ignﬁﬁlg th8 BohBiishbid FdBUSTMATigEEr An
two-wire instrunentation bus standard that is
mstnyxmnt dd:sllgneds@ shfely operatesinta haggrdpheenvirginmast & typlcally designated as
i nstrunents and. | urt her ,capabl e. of be| used to
being SR PR L PG AL Sh at SR SR b tow level

cledtficad déltdsbOmd ToRaleldl Idhital fatdntLhatdey keewhad bpagsble to cause
di gi tal conmuni cation signals to external devices,

ignisige in abazewlons Atieegt.-and control stations, for
ex l WSe a R%S V}?r%rbrug gécorcgﬁ% L $ ﬁle 83019 th ﬁ%‘heag tﬁEEfDBUSTM two-
el ec r|ca pOWer 'source an electrica

wn*@b‘ﬁcohﬁﬁorﬁ@ uie&fﬂwﬂd&sthu&nstﬂihﬁetbmmnb ditre term dFéELDBUSTM refers to a
pically receives naon-1.S. electri cac.* power and

twwwwnswaw@e@ Rsestandpiddhatis aeically yse %trﬂ)gether multiple
ll'[lglll I

o A0Sy Sng 0 D A oAb bt

instapemits. ileadditian, the feldbas barser dhidecen pass (igtel gpenmunication signals

to externaﬁg}ige%,r sru% ¢ fm%r?l gr%ngla%% con%rgll s?a%sns,( Pg%)exgnqglea The bus barrier

device is connected to an electrical power source and provides electrical power over the
two-wire bus. The bué barrier device typically receives non-L.S. electrical power and in turn
provides electrical power that is current limited, voltage limited, and power limited.

Several FIELDBUS™ standards exist. One FIELDBUS™ standard specifies that
the barrier device can provide a maximum current of about 130 milliamps (mA) and a

maximum voltage of about 15 volts (V) to all connected instruments. In the prior art,
1
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maxi mum vol t age of about 15 volts (V) to all connected
instrunents. In the prior art, 1 WO 2005/040735
wWOeCHsWseB83/ 031027 typical fiel dbus instrunment BCTHAEIS2003/031027
designed to draw about 10 to 20 mA. Therefore, in a
[
typRREt B o ARG dbot e T aR By 7 PR A D iR B  pror
art gppradchethe hembercofdenitps thaticanfbetdoaneteed todke aito Wiue bus is controlled

lable b I FIG .2 sh I
by B Rl Brens ASPTRIR OB it ¢t 1 SR Dl e
s hqwmg sh&wh QW B2 1ibi &idnsRONEkt cBBﬁéEtefdﬂ% ttW%—\Wré ﬁusb D Hfbwing

is used The prior art 1 nstrunent iIncludes a
hovyaclsctesdmomn &oanthe Fee-titedas id wiedr The priofire 1nstrembnh mdhdes a

el PRISEORT T Ao Py 28k e Bam i e et to 2 two-vire

bus] $ich %ﬁ @@@ELDBUSG’B Sand tOHpowet Kfkdd. CRHe didtrida®Intérifde includes a bus
connects to the two-wire bus. The bus.el ectri cal
eleqiragal paricpthey sanmects fasibe tweatirs i) dhedus eleemceltharerpreides

ele%@a‘f Fsgﬁat?lroﬁ (l{ftgoﬁrg Hltgvl\)él%/ 911[1& a@%@fdﬂ e %},\g@otltv\%é @n& Iggglelolflm#pg of the
eledtniex] power thkih Mrﬁ\theim-\@iré eas. b’ﬂw WWH‘:&F I?Gé ptlblvﬁiéts Dn%laﬂ Current
arrier e electric

0 t he bus eletrlcal
Ol iticabeowsito Hasrusie cifasbagriess Hheplectiieat fnteidane further includes a
sigRREIELEEIAR er SRR R6 G eats Qtﬂel'b‘?%%l ?R}%Essef. ORGSRl pik @ssor is
signal processor is connect 0 a sensor,-as PS
conif¢ngedsto greahsos] asshowe.allhe signzﬂ@iecpiczai/baiasr pzdoerdbs ekeaﬂncal isolation

T G Pt e P B A e
powk? pRRTERY 16 FRWeHEH vidaht BignNeReQksot] AR I SRR is a flowmeter

processor. \Were the sensor is a flowreter sensor,
sensopciycly gs @C@aﬁhbﬂwmﬁﬂen\m@mal provesssr ivtabicplieemeeted fosthe

sensph Bl A%y SEORAE  Fha et d SRS lrPo P rynication

systemmﬂhﬁlcﬁﬁlﬁm@lﬁbatﬁﬂ Sy stdth rebbRes © B Righal fre thy SikR4Nprocessor and
receives a data signal fromthe signal processor and

modyerier the datasigmabienta thei tyravireesosalistahsomnraigion signal. The
b

FisEhile OISt ) SR el SRR  frqune

band)cmiered arcandl B2 dilehety (kHa)Jd centered around 32

ki l_.oher (k |t Sho d be understood that in this
pr .Itﬁi ffbec'aﬁ%qﬂdéwalﬁ it praoTaAreRanfiepRfiop e Pleptaiedipower taken
fronh BRMVbRGIE VR WuE& RS td Ap':t)vé’é?% &Bllﬁiuﬁlgatﬁﬁ’l Etefnh €A mmm‘]tal amount

conmmuni cati on system m ni mal  anmount el ectrica
of ekmtm:al HKBVQT hssﬂlelferﬁvre takah dronf the twotverd bus- \Hor exdnygle, thor

com GRS ot=tn SR P Tk 8o T DA S DR Bus. The

exte€idl BbWal soRLEA (EePHOE ArtipRoH e tRE te@&tl@w 1apge<>e\1éddﬁ§a1 PB@er that is
relatively large electrical cgower hat is used

usedigeapstate diveyppisachve slemients (Ricame atflowtuhacdrives(sh and dhat isoesed to
powg{ ng\ég{sé%?r Qro%ég%rt. :lgstsaux{eg?lﬂ ?%gﬂ%‘&r%thF Er%\ﬁ}%n %?%@S%Qﬁy safe is difficult

and cohplers Coasdqyestif, el ddecttidal intertdce nauzeinehudp ltigebus electrical barrier
the electrical interface _nust include

nsequent |y
and ﬁ%ﬁ%’%ﬁ el@?’télﬁﬂrhaggqr Burtherajore; ghenstryment disglf iy often enclosed in an
explBLBAIpFSAHouRAE TR is dotlelifd HePICR art HiEarlsE i HARD SodibSRlror

ten enc
intrinsically safe, even though the FIELDBUS™ two-wire bus standard originated as an

intrinsically safe bus system.
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expl osi on- proof housing. This is done in the prior art

because the power source is not intrinsically safe,
wevers/uomssgh t he FI ELDBUSTM two-w re bus st andact/us2003/031027

originated as an intrinsically safe bus system 2 WO

2005/ 040735 PCT/ US20Q3/ 03102 U Jy of the Sol ution

The i nvention hel ps ggwryﬁgtlieo%@gtﬁép obl ems by

pr oThelinvgntort hiflpsvdolve: thelSbovie PSS BY profidiM@a W6 Svifelisus
. instrument. adapted for use with a two-wire bus is
sppgeitded 5 according to an enbodi ment of the

iy an i . ¢ .

st tomnre By at st BanP e BSG R ro GAED ST E Broilied
acchhdihg pememsfodimanef dre imoentioae Mho two-veashns énseminent comprises an
. Signals. The two-wire_h i nstr nt further conprises
ins{u@helime et ieesives § i uSrea] SR acaated oBs PF WAEE ST
mehfiAdmaHt SB8S EThi RFo-HHR HRE iR LRSRES SO iieS I 2(1:} rOCESSor

signals fromthe instrunent elenent to produce g}a
thatregeisiés a Stend evorent amd thatsproeessesithe e Oméngrseisor measurement

. C ri ses.a co i cation stem.that receives .a fir.st
sighily Pom TSR ERER St olrophes & it si8uly TE t¥ponis Ry iBstrument
furhegEsthprReos G&Q%nicﬁﬁ&ﬁgﬁfeﬁ& that fhcdived fifs0 Bt 6Ad HaPreceives the

signal including the data signal, and nodul ates the
datyy pignelfrone Berpigmiab Broressos gprattepn digitaheommupnigation signgl including

. - Wi i I d i S .

the;ﬁ%{ea si :ﬁg g%‘éll %nﬁ)dgfé\?% rtﬂe:%%g y %ﬁé@%@é s&%gf%ﬂég B tho-wire bus. The
twoswineog ﬁﬁﬁ‘ilmmtfyﬁhﬁ%m’ﬁhi@es&ﬁéﬁiﬂﬁhlﬁi&itidﬂrpm@ﬁplﬂjg pgtinécted to the

and the conmmuni cati on system 15 are capabl e of bej ng
COTRBHAE- WY e éietqqm%%\w aowsrssuprfy&n%éh?mamcewn system

y _ . I o

BN g ORISR DB e Ll ooy ol
is cpufagired toprovide tenfirsindiucant, @substattatty cotmartt woltager endoalfirst power

i nstrument . further .conpri ses, a signal r.ocessi n .
to th CUPUTGHIR Yok e V00 B P RCr AU Somprisyse signal
pro§és§iﬂ? boReLEHPEUondBded Rhe SicBAFroRERE € TRE SInRPMEessor and the
supply are capabl e of bei ng connected across the

signahragessengnesyes mepy atercapahle bf beingcennetiné acropmitha twedtwirerbus and

. |y and .the comuni cation.system . The sign
in JPARLw B R QnRhs bl R Sy RSB iR PN tE  The
sigifef @RIMIss@Y ot supbl$ Waindiptdedkd Yrovidenhé Sitbnd Slrkafles suBRentially

a second power to the signal processor. The two-wire
congfast Yaaes: dre Asecond oSt tciBersienalayoeeseiti (Fae ggeere bus instrument

ﬁlrtﬂ%ﬁﬂpsoé Xﬁi\?eoaﬂ%ﬁ{ ﬁ%v%r%gﬁ@?ic%&%&éﬂ% lﬂﬁe 1%%&% Slr?p 3?/1t. The

I'nstrunment el enent a ve current power
instaurmert apatehtaraf the diing cwroent potvedsupplyaare ogmblelve beitig-cohnezted

bus, and in parallel with ¢ conmuni.cati on power
acress tyoapge Bﬂ%andeamuie@é&tﬂ QPERRHPAIed DOTeE HEPLy pd the
conAti@tdtRh S?@t&llﬂ ahBGuPhed 'i‘t?_har@ﬂél%&?’ﬂh@ Qi ROMRECIMURR ?Mwéx{%pply and

th upply

he signal processor. e drive current power
the signelgmédegior.edhe dripe ouranepoter supplyds configuestt to peovide the third

cunf’eﬁ Sélitsalg. r@%@% {;g O?%&rgﬁ]:ta}g\é%&f ag&ird%%gve? tot tlﬂle Er%tr%gl\gﬁ{ elgrgent.

A two-wire bus instrument adapted for use with a two-wire bus is provided

el

according to an embodiment of the invention. The two-wire bus instrument comprises an
instrument element that receives a third current and that generates one or more sensor

measurement signals. The two-wire bus instrument further comprises a signal processor

- that receives a second current and that processes the one or more sensor measurement

signals from the instrument element to produce a data signal. The two-wire bus instrument
3
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A two-wire bus instrunment adapted for use with a
two-wire bus is provided 30 according to an enbodi nent
wofodsieoisavent i on. The two-wi re bus instrument PCT/US2003/031027

conprises an instrunment elenment that receives a third
ﬁlrtir‘%%tracfsou e.ﬁegg}n c&r%hnﬁ%@cﬁ‘ﬁ.ﬁ%&?ss&rtﬁat%c mgess%.lf;'rg c%?}hg%?nd that receives
the flatatstymnl Samnphd ﬁgtSal praviegyos)| gemr@treessltgital thaiunagdy dgnad
. gcond %%rrent an that processes the one or nore
inclBgfgdhe ShATERHBATUISH G PomImUREarioR pienhomto the two-wire
busSARITRMchOn RfPEMUES: BoviPL A ShdN@la o :

us R fhtn BE AR Rt BBl = oSO Ryeb Yioly. The

twoewirp busisstremen fmtirer catipoisesthoomsmonics it po’vmreumdg thzat is

figg% ﬁrren anq that rece m» t he. %?ta Si naI Tﬂ1
conpish o i PR RRR Sogsir A commaigenan pow e Stpply &l the
confRiRTbH0R Pird@Bs08 it tabable BEbHM Béhrlehed daosds Gk R wire bus. The

nodul ates the digital conmunication signal onto the
commigngitioa popigssUPRItS cPafigred REIOYIFiﬁ the fangk quarent, lagswbstantially
con%:tgﬁt' I\%Ttg%é ,god a%?ﬁgggf'ﬁlg ﬁo: ? couniin %tz%_pﬁro%sggr? e1‘“31-t5e first current is
proﬂdeﬂ‘mu’mstaﬁttall;mqwﬁ&ﬁtg tSLtE@ﬁtsst éﬂiﬁdnt icsel @pmAgad. eThd ol Ve bus

conmuni cati on processor. gﬁgonnunlcatlon gomer

insteymnt firther comerises 8 yplipgecsitrrdavpderesesnegpd belwsans sigagl

&8
DB B o a3 End ook M8 Blteprdd e cupply s,
predetepmiinadsioltege ieeeitto thee Sgros panedsat. | The tvorsirabtis mtrt:mgxﬂ further

and a fir ower the C catiqgn progessor.
conmpfises » SiRF Enl{REF Loeplstos SONTAE O apot & Pk QeI RV i SH@PelY and the
volth& dt&Rdbwh bvicd! rTI?é'ghuhﬁV&iag@f%ﬁPaM shilfs ekéBs Wik&t BYrequired
i nstrument further conprises a voltage step-down
by thesigea prenesrort Ehie yer-warsrbua instrymant fupgheresrisgs thewégnal

and t naI OCLS nd i s confi qur ed .t
oo Yo 20 ppaS b FoneBOGE RS ko o e A i e shume
volt@gmg@lmt TROS ghMPrydes EnDpSvdrRapply BB kighbl drB&dssor, the voltage
nprises a shunt voltage regul ator connected to the

Stepsdog‘ﬁ’a‘lleVEﬁeo%@s@P sl yakagesappatyr as¢apabde abbsjng eangected across the
1

v R A A0 SO G S LB 5 L vicion

proc'Ehm;rt the wigna pltm&ssm@pdswmnppliz 733 didiﬂguﬁéﬁrtb kS ade the Second current,

process p upply that i.s connected to
a Sugtt Veapdave 2o BIERFPRLDRHE P e S BRANPTOCGHOE age two-wire
bus {ﬁ%@ﬁ%thW% INOGEIA ﬁtg}lée?%ﬁﬁl&%l}g@d’ed th tPl?e  instrument

I gnal processo the vol tage evi ce,

clemeng Ehﬂmstrnwobntmanem thb(dnva CeTgs pab'bESmel}baa'e mgpable of being
and in aral

connect ed .acr oss. t re bus
confi SEIES BT P Rod o RBA SuRHr i A ptiieation Bower supply
and ﬂ@%ﬁﬁﬁtﬁﬁédﬁ@ﬁ Tprwe%eaﬁ@ﬁmhm% &ﬁkzgl%ﬂ{wﬁrtf?@ﬁgﬂl P80 JROMEY power
sup is configured to provide the second current,
suppyslf t agtlalatrwsmrtb@ aﬂltagwtepa@@m davireaansetbo sy ormbagetr@gulator
nSt
The%i er?é}lg (r)r‘%r S §1§/ 1S 801:1 \él ad 1 rpe n\{l&% gl\%lé. r§ a sutbstanttally
congtaa nenztgeplaﬁd)a thivd pomst tatie tﬁstrumleﬁtrmahentTh e | nstrunent
elenen g the drive current power. supply are capable
iR DERT VA0S DS HBER LS PR AGECgsOrding 1p A

eme@i'thlnlt &f th&‘ﬁﬂd%nﬁ&? PIRTRUMAbE 86 rh sl PYEVidiaE BR ibtrument element that

receives a third current and that generates one or more sensor measurement signals. The

method further comprises providing a signal processor that receives a second current and

that processes the one or more sensor measurement signals from the instrument element to
4
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and the communi cation processor and further in
parallel with the signal processing power supply, the
weigsauoPps ocessor, the vol tage step-down devi ceCTaIs2003/031027
the shunt voltage regulator. -The drive current power
ly..I's configured .t rovide. the third current..a
proBtBE% d Baffy ThEBieE AP e C Bl iR gystem
that feeeivérsd fitstRAtenChRBM recadPesAheraith @%‘ﬂ@lf frér@ g dighallprocessor,

two-wire hus instrunment is provided according to an o
gengsesc dretitl commumicatipn danaldrcluding thrsdavotigealnmprinedylates the digital
conth @ikt d2%i 811 hﬁlﬁ MR irE bEIP e MBAbd FHBRE CYESri&s biividing a

current and that generates one or nobre sensor
conmaasiaatemepiwes sppdy sonndtted tonthe kkothnfunidabien sysenpr The€sommunication

rovidi r;g 31 Si ﬂ%’?l .pr.ocessor that r ec?'bv.es a secgnd
POVESE SPRIY abgh e cp £ S¥stam erfecapaRle Of bRBE sowshieh actoss the two-
wirfBas Wl@é@ﬂﬁm&ii%ﬁh?o%@éﬁﬁgﬁis'cﬂﬁﬁ@ﬂ%% piebRITRY filsCoftrent, a

WO 2005/ 040735 PCT/US200 31027 produce a data
subsfiagfitedly. conbtentrmeltagel afidia fing powenforths eempupicatiomgystem. The method
fulthorrrrmni cS%t iron.ds sg emalt h%t Ssr ece(; vee}s a ficr ste fe I rﬁa%tsi al

R PHAP B8 VR GEYCES ST ST R CREeS éﬁ% en
ProfésOsie SR signalRbedssdrasd ghalighdl plocessmpipdveaistigily aiediaphble of

Jincl udi ng the data signal, and nodul ates the digital
beiggerniested asrows the Grramine s andin pasglahiviid the gommypigation power
sopf g M EEcHATRGLEED (Ml ARcReine iR R E R s RBnfigured to
provfide tloosenomd anadeht) B sulpstaniallp dppitant aolagehendCosaroind pavéras the

. system are_capabl e _of being. connected across the two-
sigry PEOCRRFEr- Wetgﬁﬁimhea?%waﬁamw 0B BICVP SUESHH PPYEFr S@PLY
conh&t®] R4hé RrsfritBedt éieiﬁeg@?f?@ﬂ&truﬁent%f&ﬁ&ﬁ?&g 8lel dfive current power

constant vol tage, an irst power to
suppkyramel capehlei of being stmrecte@haerase thedwo-wine beanddo pprallslegith the

o 43?5 G BT o GBLOR e v
sigriall Broeb @Rl poRfe SEPHY Al tAOWhalSH#BRIsYora Mhe GAR8 Bier® bower supply is

bel ng connected across the two-wire bus and in )
conﬁgurﬁg lteproxidetihe third sorremning sehstantialhy ernistans vplireg, andd thivé power to
jcation system The signal processing power
the?%gg%h‘ie?é%%ﬁﬁ gured to provide the second current, a
s ubiatoas tabdct of thOfS tatidn, Hel tvageire Binsrg@eRImpaYRa fldvmeter
the signal processor. The method further conprises
trangmEiardi ng a drive current power supply 15 connected to
th .eIn'aﬂﬁfh%f‘&EﬁQ& of iR TEMntiod Nfie tRSWitd B?.Etins%x[u?l{gglmo et he
dri've current power supply are capable of bei n%
flovonetretimsthiterrand shet ihgritoneyt vienenbosmpriseds anlepsioad flewtubke tdhiver and
i cati on power supply and the conmunicati on

t he con}%ru&
one N RAGPURA FUPRer in parallel with the signal

Pr QR §2BATMIP AYREt SURPInY e, IHawdl WRebuPhICERSR rcomgﬁ&s a
driveée current power supply is configured to provide

Coridlis flommeterdtansmifter. a substantial |y constant vol t age,

oot bt R B By AR s B RY s ddrea o
conhét$ td AFEEIDBUSPF sta@Brdcdhslidie tes-witdhagsm tter.

In yet another aspect of the invention, a change to a third current flowing through an

instrument element is limited to frequencies that do not interact with communication

frequencies of a FIELDBUS™ standard compliant two-wire bus.
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I n anot her aspect of the invention, the two-wire bus

instrunent conprises a flowneter transmtter and the
wonsdsreBat el ement conprises at | east one fl orCUAWS2003/031027

driver and 25 one or nore pickoff sensors In yet

anot her aspect of t Lavent i.on 1CimbYo- W re bus

i nstrument IOcorrprl selggszfnp O Of?l?éD TowaRt er

t r albddanicaeferdnte )ﬂ&ﬁlbaﬂﬁpﬁ@éntﬁﬁﬁgﬁﬁle @fen{dﬁeoxh Ay ﬁfhkﬂlﬁ?gh

the_two-wire bus instrunment, is adapted connect
a FIEL:DEROSTRA SV anites RPscsrpring e ﬂtevnsl%aﬁe%b@s aféELPBUSTM two-
wir¥ lis é&ﬂﬁlﬁﬁg tmdhfs aE Eﬂ &, a change to a
third curr ovm ng I'nstrunent el enent

i s FiGri2tshdwt o tsfplcaii] pﬂDCﬁIEmstrhmEntdmmmted totaetm@ewirabtid) showing
nmuni cati o uenci s of a _ FI ELDBUSTm st andar d
ho“ég]ﬁ'-ﬁ %ﬂrﬁo“ﬁ‘\%ow e pgravirebusgs 3565/ 040735
PCT£1652Q9 3H 31k @2abr 8 o€ kb H‘Isirﬁ?tﬁeﬁ’cfacw}ﬁm@rt@% REBodi B?en? e

ref erence nunber Trepresents the sane €l enent on al
an@ﬁ@WLngs FIG 1 shows a two-wire bus accordlng to t he

such as.a FEl ELDBUST e comonl y
(bt o SHE PR momormen e s e o ERERR
t yPFIGRIS iph dradd bf sk titiitac€Raing ¢ 86l efnBodinienPofthé Givention;
bus shomnng how el ectrical power fromthe two-wire

bustliGs 6s a diagrancof an instrument segording de apather carpodiment of the
invedi®lf ument according to an enbodi nent of the

i nvehtion; FIG 4 shows an operating environnent that

i nCFIG@shbws detail 064 shume bBage 1€ttt adoordingtodinagitaxdirnént of the

an. i nstrunment according to an enbodi nent of the
mv?nr‘i\?@ni“fd{) FIG 6 is a diagram of an instrunent

ac Clﬂl@ 8 @ﬁo&é’d&é‘i@%h@ EupdR QOAtFR g Ei?cu'itha%coﬂdﬁlgefg bh @hbodiment of

FIG 7 shows detail of a shunt vol tage regul ator
thean/@ml@n ng to an errbodl ment of the invention; and 15

FI G shows detDa f..a curren trol.ling circuit

accord| ng to anlilEs Ressripgen o %Hbe IYeRHRR on. Detai | ed

De S|GispBigomdhe foli@winy @aktipibniddsRt spiefiida@nip of the invention to
foll ow n%ddescrl ption depict specific exanples of the

teaghyihesetskBled ipthetagizhony tohpeles ankiuse the tiest mpde elrthe frpwntien. For the
pqu%g of ?éaghlﬁg V%{kefv Ciﬁ:ﬁm sd "3018? c(gnv%n%lcma‘le a%ﬂegts ‘of Ehe 1nven%on have

purpose of nAven
beef sivificd 0 ahiteslp dtiose ﬂﬁlléchlﬁ thcﬂm Willl rBeiye Vlaﬁ@ﬂibns from these
[ lified or., omtted. Those skilled in the art w ||

exalgl!ﬁggéla t falbwithinithg sqoRe of theinveptier Those skilled in the art will appreciate

that the features described below can be combined in various ways to form multiple
variations of the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents.

Instrument — FIG. 3

FIG. 3 is a block diagram of an instrument 300 according to an embodiment of the
invention. The instrument 300 includes an instrument element 304 and an electrical
interface 302. The electrical interface 302 is connected to the instrument element 304 and is
connected to a two-wire bus 308.

Because the instrument 300 in one embodiment can be the only device connected to
a bus conditioner device (see FIG. 4 and the accompanying discussion), the electrical
interface 302 can draw approximately all of the available electrical current and electrical

power from the two-wire bus 308. For example, the instrument 300 can draw up to about
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exanples that fall wthin the scope of the invention.

Those skilled in the art will appreciate that the
woeaisimess descri bed bel ow can be conbi ned i n vRCT@S2003/031027

ways to formnultiple variations of the invention. As

13%)?%%% (%51 Igescr i a{l}c??%l ?EFWI% ?%)]%U%m 3dnbs§78} Slé aglf)ﬂss depending

on ﬁ:adpplfoealrloeamun\aﬁﬂ értcharactefistidsweid hazafdoGs esvifontaend this 130 mA
a .bl ock di.agram of an instrunment 300 according to an

elelfiprd GrTreis the mardmun, fpgient ount A& LERBBUNY bus sgulitioner device
| | n |

o SELUOERIR S B AT TELATE T, R4, Shogh ity

intrgsivally safd dedcd, ifddsired, withent thelnead fitr eBd4iaahbariisr d¥ftes and the

nee LGOS0 8 FHSHE BB b AT oE EFEBAILFO0, because it
entig@y itAnGONRAGEEHodsdot ?eqlﬁihs, aGaNg &H%ﬁéns%véxgﬁsﬂ)ﬁ%oof housing.
FIG 4 and the acconpanying di scussion)

Altemafisiely, dag instryment $A@ earg0Rused in deezapdyus:or e bazardal |
avai |l abl e el ectrical current and el ectri cal
envﬂ‘gmlﬁlé]ﬁ]sr omthe two-wire bus 308. For exanple, the
| NSTHelw@AlirSDak I8 vad fpayvidalt ﬂe@tﬁ@%&)o@ve‘{% 2RORARAB300 and can
gT/ USZOOS/ 031027 130 mllia froman entirely
proyidesdigrp Feqnpppppsgtions befgiesn ﬁwnw@mns ﬁQO a@i‘éﬁ@ﬂ’tﬂﬂ’\’gces oAl
iy cBUPIRFh 0Bt S0 4E Y AR REL RS IR consan
whilesthé bveo-were bus e cundoeintg coomounticatioks. EEE}Btdﬁ)TMnb B&s 308 can provide
t|on r..devi ce n provide unde
eleﬁ%?%? POYPIHE i5 %*H’é%f@tage ERLPOYER l.ua}f%cﬁt Tl%’@"oc‘é{ﬁe Bes 3§ can
pro¥ifé hﬁﬁllls‘lca'i_’ly sBfer(1 8: ? 'eI%%Jrrlc‘él SRfeRt Qt?d’{fcq{sa el ggﬁ% Wﬁg’bus 308 in
W t hout thé need for electrical arrler evi ces and
son1e weabodmtﬁ omn aevideldp td dat 13(bmﬂewﬁﬁi¢ct1pcnlveurrmﬂ ppthe indtmment

. . |

soo R b el e R oIS R B8 Hpeiak e

cap#bXRG RS i et Gipl RS briiroRfrRaf, ghats *VBEa%] aﬂdtcaheﬁmw&é &/an HehRed (and
i nstrument 300 can be used i n non-hazardous or

otheg hgzardpusdegation Aigadards candbethBowo®d- wi r e bus 308 ¢ an o
i t t
g raﬁ\flle gl?sg@lﬁl{(fg?%lg&é I CCOaR %x\ﬁsqlm a?t el% s % g{s) V\élgaﬁn‘l%{}ﬁ% uceS One Oor more

s1gna]9.5:hrchrm 8éns30f eanttnind signsle tac &% reldted tb PR RerdinehleThe
-wire bus instrunent 300 in one enbodinment is
mst%lmfgt elriral 304 caB RemBrite angHRanact pksengrysatranedusgss, fvers, etc., and

combRRAYEL thBZo£ ARTHAR e Bﬂﬁ’ﬁbﬁt ﬂgé@xsﬁ'wﬁlew diénOHS Ol?’ ?(?né%%@s a

provide electri ca power 't IS current, .
flovwdgtet Cbmmethat Vibrratesch ﬂ('ﬁmabt: and further tomspr3@s onaor Iﬁ&emlﬂMIﬁUEnsors
nt an

t al.l f el ectri cal rre
that gBisp VbR o e ot S e on m s R el B e ot the
elecicaVdient Phd/6} tAO FhHse H&ldﬂ@h@%f@lﬁ@&&&h@ﬁ|cuﬁle'ﬁtrfﬁ§%1n$ fhrough the
t he instrunent 00 and can typically provid

instryment clamentdiod 4o prpuce-ibasensor meapeerdéntgignalst Abe mstrument
f.
i b PSS R O B o

The electrical interface 302 interfaces between the instrument element 304 and the

two-wire bus 308. The electrical interface 302 provides electrical power to the instrument
element 304 (and to any associated processing circuitry) in a manner consistent with the
characteristics of the two-wire bus 308. The electrical interface 302 also conducts digital

communications over the two-wire bus 308. Therefore, the electrical interface 302 provides
7
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ot her hazardous | ocation standards can be foll owed).
20 The instrunment elenent 304 can consune el ectrical
woawsro4enssd produces one or nore signals, suchras/us2003/031027
sensor neasurenent signals that are related to
| e eIe nt 30?
ol pEer B ER ByeabPS o3, VR BT P e § B

elemémt and?;ﬁdwdé@ﬂbd:tﬁaﬂlp@%r fdrersghl pﬂoBes@dSl@rﬁrE@wéiaMHensor(s)
nt el enment 304 conprjses_a flowtu

the instruy

dri Ve ﬁ?ﬁaﬁwtsﬁf%ﬁeééﬁéam 6\1\§ufﬁé>ahlﬁan¢ G h@?or@éw fos@sl.S. two-
w1rQB€sr gg?\gﬁ&egfth% Efé%@ﬁfcalﬁﬁfégﬁfzé.’iiﬁzgd%e% ZlBto}?a%%?gérI?ﬁrM I %\%e{all current,
volggeysind $>owanl1mtd1gl weliaze thed.S. elveotird nal308 s fullyll. Sarithioean

t he e.rel ationshi he.electrical ¢
adVF’i“S%ﬁ%H iR thoeed ?%fﬁ%ﬁafgﬁ Sries 3 4@6&8&@&?@* 300.
Thib B S8NsBanABSSMIEIRThatStENHed - forTahlﬁllkf‘ ahd éﬁgﬁfl‘ Explosmn—proof
el enent 304 can conprise a Coriolis flowube;

housing e fnsowmensi00. Monsgrrat it cart elimimeteshe neegltfor a wam external

nterface 302 interfaces, between t

porfeh STt St P el ot VRS FREe A PRl R The

eI €THer mﬁﬁimebrmBG@ taceptdllpimeiiddes e.hesibhpedIf hBOWRS ad £h extra

instrunent elenment 304 (and to any associ ated

IGV%P BRCUEYh gl he Ipgtrnmeeng 309 f arantiopg s vtdlizemthapipraieqtioa methods
knoSAdh At £fistics of the two-wire bus 308. The

el ectrical interface 302 also conducts digital
Opargmuinvimninents— BI&r4 t he two-wire bus 308. Therefore,

th rical interface 302 pr vi des 2005/ 040735
c%@%ﬁ%%%%ﬁa eSOV PR Pt s (hchat ff&ﬂlud&vgsﬁ?ﬁﬁlﬁﬁr@aﬁmﬁﬁ%ﬁx
3OOB SIET00R Rach §83rufl BEE60.£ 00BONRS 30007 is R ?ﬂ{e'cféﬁrto a corresponding

ement, and provides el ectrical power for a signa
bus pﬁl@b@m HO0aA KBS end 40QQ by eworwiss) bus BR8Ae B8R, and 4DSC (bus

i.nt.erface be .| ca n n be. connec
e A Gs Ak MR o5 oSBT HedPadties Bpes J0SA-308C
can bal.8! bre-BODudee s TRO budarHets A0PA! 46UBNRY 80GE bre connected to a
current, 5 voltage, and power I|n1t|ng where the |.S.
poweRERtire 404 Wdiicho®es Botrhave jo be &1 LS iosvee swpply device. The bus barriers
dy@is h r cal
0o BB ASELAE Y USROS, LA BLFE VLt gover
limitihg @ mmmtmgwouswbwsemm 808BcandsOICl atheandbtikleytsBUIBA,

ost | 0Si 0 gof housing for the instrunent
30004 %&%%vélraw el Amenig trelecariqah Bow@reupPAd through the bus
conéiﬁ&?ér@te%’ceseﬁoﬁ N8bB, RRRIDCS OH')éé:xE in Whitthst 38he ]ignor art ag)proach that

acconpanyi ng cdst, W ring arrier requi
is shb@nTih &FIGn bt Aﬂtamaﬂvéﬁ,ﬁnulapleapﬁthmmﬂtd 300i canlbedenremated to a single

of, housing as an extra |evel of
busg%@u?(?ntefl%@{? ﬁ?@?&ﬁ%ﬁt 300 can further optionally
Instiibieht ZE1@t Her protection nmethods known in the art.
Operating Environment - FIG 4 FIG 4 shows an
op&lGt I i Ergrmomprnstanent AR adcardingliesintdmtodiment of the
. SOOB 300C. Each t runment
vl RO oiebals i S il e o ngnRs Pl iR

components. The instrument 500 includes a communication system 511, a signal processor

512, and the instrument element 304. The instrument 500 further includes a communication
power supply 501, a sensor power supply 502, and a drive current power supply 503. The
instrument 500 is designed for use with the two-wire bus 308.

The instrument 500 can comprise flowmeter electronics, for example. The

instrument 500, in the various embodiments shown and discussed herein, can comprise a
8
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bus condi ti oner 400A, 400B, and 400C by a two-wre bus

308A, 308B, and 308C (bus term nator devices are not
wehesm463s purposes of clarity). The two-w re BATAE2003/031027

308A-308C can be I.S. or non-1.S. busses. The bus

rriers 400 400B, , and,400C .ar onnected to a..

fordile Bty ot f AP Sl PR Bl gt e
parfi@ilgty, Shepipbtyunakai i50@ canl fniike A@dridle o wilet4OPAsmARD Brat

and 400C provide the electrical isolation and current,
gengipfes 256 trappits,owemeter pignals gt s rageswred via mcoriglis igw aibe
app es 308A, 308B, and 308C. The instrunents 300A,

3 , and 300C can draw the fall anount of electrical
poViEtie tswpwlire baks 108 inwgh etbedimesit canpudses iaGEITNDAVIIONS

SN TR ENE N T wE

phygiglﬂgw&r%ig'naﬁﬁg MBI SRt A coRStafiiAe ST Anfedihded er a

us conditioner 400 ('see dashed lines). Instrunent

definegfrequagicFb@d. SA¢oordingly adpviges oh thabusisansmitalata B50Arying the

accordi.ng t.o _an.enbodi npnt .of the invention .
e SPEHER b aBRRERTendBR SRl BVROL B pyuesve databy
obséiHgCBt QoleApRIIBVeloSdMARERYE ficSchartdterisis irhputAte £QA0Gesult of the

i ncl udes a conmuni cati on system 511, a signa
curispld@88dr 30 512, and the instrunent el ement 304. The

in - ' ' i

AP ERo R oL RSS! LG8 5 QAP Gy B
witleomt affedting@oemmsitigapiby, E0duse Thives inotschatigeetie A0 Ghdrscteristic

. designed for use with the two-wire bus.308. The
impedace %éﬁtheswlg%wa&%w Gechanpiiiist (Bt 1Be BSPRRRc)0 opgs not
auog/)n&gfggéé%-in Th@ent 103 b tfas'i%ﬁou%ﬂﬁtb@?m\éﬁfrét%‘ﬁl the FIELDBUS™

fments shown a i scussed herein,” can conprise a
prot®cil@s 2005nuhicaBitn FETAIUSE DO BIhe 3dd@iheht HOhedngprises a flowmeter, rapid

B ek R NN
situhtiil where Blis eR20h4pB8h BRI a5 bieR ateXdntidcd SMABLBId material
transmtter tha generates and transmts fl owneter

flowghg fapesh the flowmeterstes graaplei a a Coriolis flow tube

app S..0. The twor\w e 08 in_one.enbodinent, . .
conop L Bgitee S & ATy RS FRRES TR psicaty
safetlewe] Of el ctbidsl. cutes:, FEXANR TIPS wier BhEBLSTIN -watttals G88. A bus
er signaling mechani smrequires constant

| ay . . .
condifigpeicieior §P9 &1 prpraehadimerivan campdes 4 Rislibus Btaviely Safe
coRRBAFICCOEHITOYSTHELHEFIALL. 1R B & 38 hlcofttFtoMhe

varying the current they draw at a particul ar
inventign adn beyddsigned éndpw Dbstatedlydhe tlaginhus avabblevardat fiom the bus

. 10 pobseryjng the voltage devel oped across the
conigpet JBREF 4Ph-c TP HPCAIRCEN el RO 1 i G<Hiee CUTPRdAgo o to
maiktA AN @BractdrBtid A ddheRibQir fof BirRmIBRIAH AA WEild A8tidke
current may be drawn fromthe bus
regulated DC voltage for support circuitry (see also FIG. 6 and the accompanying

discussion). Alternatively, the instrument 500 can draw less than the maximum available
current and therefore multiple instruments 500 can be connected to a single bus conditioner
device 400.

The communication power supply 501, the signal processing power supply 502, and
the drive current power supply 503 can comprise current regulating devices. Such current
regulating power supplies are utilized in series with the other elements across the two-wire

bus 308 in order to take advantage of the high output impedance that is characteristic of a
9
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wi t hout affecting comruni cati on, because it does not

change the AC characteristic inpedance. Another
woamisfieasi on of this nechanismis that the i nBCTWSEWG/031027

500 nmust not 15 allow changes in current that m ght be
curIfeﬁts%ogcc%? lpt@ltfb }%rgvgﬁs fn@éngeg?&g&ﬁagcésrbfttﬂe \ﬁ?&&h%%&%um as Sensor
loadlmgtDSHra[rtenB BehwG onpthes ﬁﬁerﬂalfréammet@ﬁpoﬂeatsb Groncingagtiss the

S e A W R R S L e R
1ndéiféﬁdé?@89@@r é@gﬁé&%ﬁrﬁh{ sdARRlc @étﬁ(ﬁ rt]ﬁeeﬁ%f {)c%hﬁlx’ﬁguéaﬁ?ﬁs transmit)

I"i qui d" mat e fl owm ng throug WEet er
curtgriglipthe thi@(sénsbudrivs wdnemtdn@nd d&m_eccmdél(@@n@lqﬁecd%l@) au)‘rent I

reafR8 P afier Bt coal eSS b S Tpercr oy 2nf Sl
circliitfy-s8k FEGIg)s 308. A bus conditioner device 400 in one

enbodi ment can co ise a Fieldbus Intrinsically Safe
coﬂ@pnstmegc@enﬁn& SKesrAeattieal peeer fzem thendrive current power
t
sup%lg%bg ﬂH@H{odﬁ%@esqﬁg 8 \gelt g%{ehp i slaﬁ}e maﬁl\ﬁgp Tﬁ)e 1ngt§lﬂn$n%6 eglent 304 in

raw SU he maxi num aval

one@tﬁbbémtenft copiises ohesr ﬁﬁrd:ﬂ)dikdﬁube piekoff densonse sutBilis C'Blmioﬁs flowtube
done mhlle regulatin devi ce current

Ll t he t ot al
Pwl@%f 3§8sqry, forgRamms- @@hﬂ%@f@%@ﬂ&r ineoduigtesrarrlectyicay ew% based on
e R STRULSRAAL 01 Mg AU Y S
signalsdorgpaesyitajve ol the omss ﬂmw ratélof therflwingnpteriahe

in runen 500 can .draw s than t he. maxi
Bl DR T YL Do AT £he el BiRgRising power
supﬁ?@OQ arh RRIiGEH) ﬂ?é:stlﬁﬁl bRcssst MY Rniis dﬁ@@@ﬁéﬂ@fé@él sighal to the
devi ce 400. The conmuni cati on power Sn§1 01, the
drivs icgmieit pomet suppiing0povesa bys pplive $232, The VetChHel@trlﬂ(ﬁé signal
3.,can

conf AR B D R SR 5,1 Hppatement 04

sucIS&HHy 4 Bowaibe duitvéd, f@estanples EMhe@fznl rocdsb® FILRMo receives sensor
el enents across the two-wire bus 308 in order to take

meagigasniaenads ovier Erehugior bine A, af modylatrdebrt tha insirgment element 304.

nBSER SAg yd EL ELA

meatsﬂnemanlsﬂlgnammorw@o gsmmii’te aﬁa&&t@ﬂt repfefsaldamsg: offd’mass flow rate
): r.rent gr aw, or. other internal reactive components)

and/of geRSIHS QFﬂH iHe external characteristic inpedance
seaf, ale i r 'iﬁ‘l@ 594 Fife Bgﬁa@?&ess-gp S{elol &gulEQQhé ﬁﬁlﬁ%urrent Is,

i ndependent power ‘supp current sources control
suclf aSrrsgulé'@mgmlsﬂmrdeItmg she draresmirelt Giripgoceurtenkcds oftlge changes in
third (sens Ve curren
msp Byl 1 R R PR e sy S8 o gNes oy change
in thieitBiR@ burPdi® CLHERzh FinsRimeA @1 @n 304 BY RE&S6 AVoid dttedREhg with
associated circuitry see FIG 6 The i nstrunent
digits] eqrampnigatdonseyer thégweﬂ@tft husG4B. %ﬂhﬂémw pwrent pewer Jupply 503 can
I )
timiHIGE B ocRHER eo03, FRAWIRI) BRERIE AR iftplatFiyith e
typical 32 kHz band communications rate.

The communication system 511 receives electrical power from the communication
power supply 501. The communication system 511 can include a feedback path 521 that
allows the communication system 511 to control/modulate the first current I; supplied by

the communication power supply 501. The communication system 511 receives a data
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10 one enbodi ment conprises one or nore flow ube

pi ckof f sensors, such as Coriolis flowtube pickoff
woeemsmne’3sf or exanpl e. Each pickoff sensor nodeCatuss00a031027

el ectrical current based on the notion of the

S R R M e S S R
confrh@icatiinesigal thheis tlaowhitied eRéehé alo-witkebus3g8al

processor 512 receives electrical power fromthe
si ghtg coprBREsaion sy HeneY] | generaiep prigongalisifal camaiupicaion signals

by Itgpg?@:hg%]%le tcﬁxé&ft glr%w) n P tws SRR B! ¥& 1?5&%@(%‘ belnﬁ\é@fétered

i've current power supp over
aroims3DkHYE.| Rer dx@dple]the fitst onerentlll; cantorhpveel tweidigeadte current levels

coﬁéﬁ{s t he dr.i .\/é current fl.ow ng thr{)uegh an acti.ve
L g et pfleptredigfidong renieseaialng At @ Stital 2o e eentaion,
Thefréf‘ai‘& %"seé&dch%ﬁentf v Carle¥ @b iled ’Bf ti& gg}ﬁh pﬂfc@s‘éﬁ%%"we? %@pply

al so'recei ves sensor measurenent signhals over the bus
502an0 thatrike §26nd asrenbbius substintigllyt BE. i nst runent el ement

30 20 The si al,. processor 512.can perform
o e i BRET byt i R REL aisfBonse to a flow o
mateBASH a§TRAEb fFhaflswhidted! d8hsdqferdBi) efcadhengde i Aol gidént It can

representative of the mass flow rate and/or densi t%
reflegt ophyethashagesin the/figst esem ds i.65 thei dhangpia the tegal spugend |l reflects

. .can.r . L[| ,
soa3hOSRRPLPAR SR SR B Erk BTt S S b e
curreacthtsughalssigial barcgsirghsuvge Supply b2mchas thefihammteat £00, b will be
. addition, the drive current ,Povveﬁ supply, 503 can limt
disqugged,in cenigretion el Ih o Hia additipy the ForRmpniaIqsigE tlfen

recdiis irgif%rlps[f%naﬁl FREME t304vitd R8I sulch 28 ¥Ginfhahf €LftRA4IN, etc., and
W t i grtal e

comuni cat 1 ons over t two-w're bus

can3€l8y thEnetodhe vignad processor pdver supply 503 can limt
nstSyr ! nt [ghanges to occur at rates (i.e., frequencies)
118 L@ Hot interact with the typical 32 kHz band
CONFTEN 6GR% HRBMNT & indPunl&f 600 A¥ARHIAA | AbiISY ShdBHiedeht of the
_ receives electrical power fromthe conmmunication
invegnsiner Relgygriop ngmieralsTinecoguwmanivitls aravims figyres indigate eepmon

incl ude..a feedba ath.521 that  .allows.the L
conpRfti 1By 1SRoL afith his Gaecdbr it Borpuiptiongover
supglyr30e Nhe lslgnalyRpddssiflg Byweit SuPp BN theCRive @BrrpR W veStipply503,

501, The communi cation system 511 receives a data_ 10 ]
and gy slyenoReRasnbetd Ustbissniedonentdhe rgnalmretesiong 12 can comprise
o gl Y b REASRD SR ind Wl oD et s REL Y Ao dovics 604,
andtarshnsttditagelregulator 6hg. Innvaidiione irbthés &ighdinhbe the communication

co ni catjon system 511 gener at out goi ng digital
SySt@@%rﬁo%SW n&ﬁ‘é‘i’lgatloé‘yp%’&?dﬁﬂra@ﬁ%ng the current flow

On TSP pitobLoIS rdBGvesithe &rivd SAHAR (e GRS 5o

5 around 32 kHz. For exanple, the first current Il can
measureprentsighalniraingbe dtive aurentpewérevpply S0B 1 Aha signall pBogesor 512
ital one.re res%nt.ati on gr a_di

profei e s o oA WPRTLO (RO & B QORGP e el 8 ving
throd8h @ Adkwtehd Rsboited W Shedinsthurén 666.S I INOME EheSikRl Processor
512 can provide a feedback signal to the drive current power supply 503 that can regulate
the drive current, as previously discussed.

The shunt voltage regulator 605 is added in series with the signal processing power
supply 502 in order to prevent saturation of the signal processing power supply 502 when

the current draw of the signal processor 512 is less than the digital current source set point.
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502 so that the second current 12 is substantially DC.

In a floweter application, the third current 13 can
woanos/uer3sesponse to a flow of 10 material in RCT/US2003/031027

fl owtube of the flowreter. Consequently, the change in

Thé Elﬁm? Qb@dge %%u; 1481 sﬂuﬁtsc&gess (:ﬁtfr%]lg %'ghr%ﬁlﬁ%e& w%h%@?g{ﬁgférlok&sor 512,

first current
in Q,rdﬁ:rrte malmtmnraesmbetcan‘sallyq cwantamth@ltdg@notthé valmgarumpahutwmwce 604.

this is d ne nting.
oo LBt ol AR 1 Wk s e il startigd B e el
pro&esed 1206 anewedtoltade 1dvap t'ﬂiéf@”&te 2@ Qloltﬁ%% Mal1hh10 $rom the two-wire
di scussed in conjunction with n addition, the

buscriess seitattent by yokirgesupplisdrio 11& sngcaé pragessiog 12l The Voltage step-

h
s BATSBL2h HJFOp Sledfly SHE T
p r oClssnmbdidatidnngbEess®Ie16 redelves a@latal SEnabfibsm the SigAflASessor

an instrunment 600 accordi ng to another enbodi ment
51% fTWmmwaﬁwp&ﬁocewé#@ﬁ%@nw@p dirgt . ¢ oepmRLRiFation) current

1, aRd B0dat%e fhi gjﬁgglﬁ dr 'oﬁ %e%%@ﬂ%g%Sc @8&%@ %gmmﬂlhucate the data
i nstrunent in this enbodi nent 1ncludes
sigigd nwenthe trd-wreomE 08 as aldigityl, BRdct ctitent( DG @bmptudi@sish Bignal, as

ower .supply 502, the drive current power supply 503,
prefiueTy AEched

rument el enment 304. In this enbodi nent,
sh@hvoﬁhmgﬂt&c_epﬁ@w 512 can conprise a digital
processor %DSP) and can further conprise a
gEIé?g & shewpddaivo! theshuet V@ljzﬂge regwidtoa 685 amordmg teagreembodiment

or SRR 0 AP, A S BEoEhAR L

ampflifiee @3 sotrarfsifor Q) LesHt @B R afd RE A58 Alvoftdge §o%§<%‘ vEs,.the
drive current | evel si_gnal and the sensor neasurenent

tgansistoin Qi ran gempeEscany seiiablo arsistet pedhyas Ba@weT ransistor.

Si
on S 08 SRS e L, L R
(M®$EBT)I;1 @hidhtis oaygblecoffHanilingitglassesi ddveld. Vihk rahéiStor Q; in the

Stru nt 600. In addition, the signal processor 30
em 3 ‘b‘?’% GoHErises AR Sebgrne! sphpnsemens tyneM@SEEL, sushras en
IRFQWOWPHXM@Q@T E@aﬁ‘fab%%n% éijﬁgtti(ﬁlal iﬁggtlﬁié‘rl M& C(g:dfl(g & Hatifornia.
as previously discusse shunt voltage re or
609 hesmaﬂxﬂ‘edAu gas evrhpssevny kuitdbée ahplidr, pichae ss bpgational

g < Tt R B8 o s it Quyoeay Sarliees e network
comfpHEing! RésifbAR; Ghd e 18 bﬁ@éﬁbd&hﬁ&%ﬁpflaéal\?alﬁéoﬁ ot §018hms, and

gital current source set p0|nt

R, 1@@@5@@4 of a@m@k/obs@mmgmnnmnefoﬁhgmt th@pqsatg@ input of about
515 G BLeo RN EM TR R PR vl VA provides o

subgaﬂnﬁlljmbm@ﬂt yoltapesb @i nogatiegeplifier idifrt YOIk adRlifier A;. In one
st ep-do devi ce_604. The vol tage step-down device 604

embpgRILLEE ¥ RS seferegee Yapppiosisies sbewie- Sydlisdp thoyregedeswnplifier
inpuP. 1%h$ Q I‘E‘agle ?&%fen\éﬁ V@%gﬁw&@ﬂseE%ﬁtﬁé@fe@ula{oq &r ¥t 8%ce that

aval | rom:t
provides a substantlally constant voltage. Alternatively, the voltage reference Vrgr; can

comprise a separate power source, such as a battery.

In operation, the shunt voltage regulator 605 biases the transistor Q; so as to regulate
the current through the resistors R; and R, and therefore maintain a substantially constant
voltage Vconstant across the load 700. The load 700 can comprise a resistive/capacitive

load.
12
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5 bus 308 does not affect the voltage supplied to the

signal processor 512. The voltage step- down device
weoQdospaer3sonpri se a DC vol tage regul ator chi p 8CT/US2003/031027

circuit, for exanple. The comunicati on processor 616

Cuf::%ﬁteii}{ﬁt?ngacr&i? %i@r?' fromthe signal processor 512.

|nu CTomnmumr cat rofr processor 616 can neasure the first

. BIG. &shiowd dietaiitaf arjirrent doﬁftblhng Lirainc8 00shiebatig tohen embodiment
wire bus 308 in qgrder to

rrent draw on the t
of ﬁ’&r‘r‘?ﬂﬁﬁl%t Ehe geregheonty %H@ nga}t 890 san borgsed i agy ofehsus
cordBRnftich ﬂdvgértsg;{)ﬁly dp ecﬁé Sl g)s gs&%%lov%}gwgggﬁ,' &Y the drive

signal, as ous nt
curRgy pb‘atmupplyl'—ﬂOG The Iéhﬁent%ostnoﬂmg detut $00ofan tbeasshimm tombination

i3 R SR 188 R STRR Bl oS ne

cotdBioh 3. IMRGLAERCoRPSIihE %iréiﬂ?%(ﬁﬁicl%ﬁe@"@éﬂsfs’t&boﬂn athplifier A,,
transistor QL, resistors RlL and R2, and a vol

a respir e, YREFIOlESe seurem Yree ol hetureent C@ﬁmblmgercart;s OO limits the
cur?éﬂt ?lg*gr g t o%gﬁlt 2185 18 {% %@%Js d ﬁlere? Oﬁ{ng%sr A0 Iat%ﬁt?ally cons?ant current

draSeI&bﬁsttihﬁoQgh Hieabstl &0, ettie 1550868 %%mpﬁb@l:@-@wempﬁditwe
i.s capabl e of handling high current levels. The
1Oafl'ran3| stor QL in the enbodi nent shown conprises an

I RF Ig@&ﬁji%%%@t r ansflrll1 tgé/ﬁ!fay %ﬁg@@%ﬁmﬁ?{ ?g melﬁin%gl r}?nogxtrelrotrr]aqmstor |
incRelirtg f MEYSFEH trfBsigtond @he Gahdiftor Qb & the Einbodimphi shoei ddmprises a p-
can cC ri se an Iearrpll Ler., an . )
e SR R P a0 SR o, avatot
froﬁ‘ﬂﬁiehfa'ﬂ%ﬁal@echﬁelbEﬁ§@%{1@8 @aﬁf&lrﬁ@ge di vi der network

conprising resistors . I'n one enbodi nent, Rl
hasThe amaplufeer gf, cab QQmpﬁwarlo’mtmabla aplife, sid aa anapematxmhal

B80S PR B b PR A5 biot R R e Bhetettgerated by the
ﬁxéa hilenVRbe S\ CRoWiRg thiS the beasi@l rbager Refmroee %b&laﬁﬁént Rs has

provides a substantially constant voltage to the
a Vﬁe@af dbput Hhphung.j When hmmTAuf issabeutalA9) hilliampsathe volfagp et the
t ef ovi,d bout

pos f(%oaﬂ{gm} %ngh{]]% aﬁ%&c la ?/l{es al_?ngp‘f&%F o@?ve]dug{c %.%eg

vol Tlegeltagé esfapae V%Eﬁbro@ﬁll&s & @ﬁﬁktdrﬁl@ll}acdm’cahﬁgﬁtage to the negative

glllj%gl ator _or ot hﬁr devj ce that _ provides a
ampliffs ingy pathe gnipbAst Ant Iwete&&@dwqtéhm@lragé rgfereppig Veer

a

proggi\%%e?ﬂ)glg El?é; gﬂ@tggc N%F Ve sl rhﬁ& i ﬁ{fﬁ"[‘gé g?lgat ‘?91%{6%]%:% VRER2 can
consfirisa volihgeageulnteg ot «athar de@ﬁ& tbatqsesadctsraesubstamtml]stoons@tt voltage.

sO @s to requl at current through the resistors
Al B ed iEen W o ize S SRS P S puaTes, such as a
bau@gnst ant voltage VCONsTarrT across the |oad 700. The

| oad 700 can conprise a resistive/capacitive |oad. 12

WO Ipoosyatan thsapplificwgeos biaal 0p 7 sihstantially ¢insiant vadtage and biases

the 9&11[15%1!611 Q; to ma%qta?n a substantially fixed output current Iconstant. If IconsTanT

rises or falls, the voltage across the biasing resistor R; changes, adjusting the output of the

amplifier A, and therefore compensating the biasing of the transistor Q..

An instrument according to the invention can be constructed according to any of the
embodiments in order to provide several advantages. The instrument can be constructed to
be entirely intrinsically safe, if desired. The instrument can be constructed to exclude non-

I.S. components or portions. The ability to use a bus conditioner device for a single
13



FIG 8 shows detail of a current controlling circuit
800 according to an enbodi nent of the invention. The
wouorsae73sontrol ling circuit 800 can be used i RCAWE20B/031027
the comunicati on power supply 501, the signa
V .
B S e R e S e
devias/chrevitssweithin theciasthinaiti Hnonevdnibodithents ’thdzﬁise vwohbag eondltloner

requl at r 605, in the | oad 808 and the | oad 70
devicsiipF $a5 lw@me@&m%}eﬁfs teiaStrappent &, pg enitstivsivd MU e oed for

speialisddi fouSR0 fbiek ﬁgﬁamemt 5RASS $h Ckplhon FoFMhkinger A2,

a resistor R3, and a voftage source VRBF2. The gurrent
controlling circuit 800 limts the <current flow ng

t hrough the | oad 808, and therefore provides a
substantially constant current 10 draw | CONSTANT

t hrough the | oad 800. The | oad 808 can conprise a

resi stive/capacitive I|oad. The transistor @ can
conprise any suitable transistor, such as a power
transistor, including a MOSFET transistor. The
transistor 2 in the enbodi mrent shown conprises a p-
channel enhancenent type MOSFET, such as an I RF 9130
MOSFET transi stor, available 15 from I nternationa
Rectifier, El Segundo, California. The anplifier A2
can conprise any suitable anplifier, such as an
operational anmplifier. The positive input of the
anplifier A2 is biased by the voltage generated by the
fixed current | CONSTANT fl owi ng through the biasing
resistor R3. In one enbodi nent, R3 has a val ue of
about 10 ohms. When | CONSTANT is about 130 m | lianps,
the voltage at the 20 positive anplifier input is
about 1.3 volts. However, other values can be used.
The vol tage reference VREF2 provides a substantially
constant voltage to the negative anplifier input of
the anplifier A2. I n one enbodi nent, the voltage
reference VREF2 provides about one volt to the
negative anplifier input. The voltage reference VREF2
can conprise a voltage regulator or other device that
provi des a substantially constant voltage. 25
Alternatively, the voltage reference VREF2 can
conprise a separate power source, such as a battery.
In operation, the anplifier A2 is biased by a
substantially constant voltage and biases the
transistor Q2 to naintain a substantially fixed out put
current | CONSTANT If | CONSTANT rises or falls, the
vol tage across the biasing resistor R3 changes,
adjusting the output of the 30 anplifier A2 and

t heref ore conpensating the biasing of the transistor
@. An instrument according to the invention can be
constructed according to any of the enbodinents in
order to provide several advantages. The instrunent
can be constructed to be entirely intrinsically safe,
if desired. The instrument can be constructed to

excl ude non- 1.S. conponents or portions. The ability
to use a bus conditioner device for a single

14
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13 WO 2005/ 040735 PCT/ US2003/ 031027 i nstrunent
enabl es the instrunment to be constructed w thout the
woaeewd/oBsel ectrical barrier devices/circuitsParmseen3/031027
the instrunent. I n one enbodi nent, the use of a bus
cond tioner device for each instrument enabl es the
th‘ 1 to be constructed w thout the need for a

1. An%lvﬁké K&Qnﬁﬁhﬁén'ﬂ B5009 bAdp&d ol §id WHERtw 0SB bas (388), comprising
expl osi on-proof housing. 14 WO 2005/ 040735

an ipeTUrySRE 6BB10BE0A Y thatreceves ¢ thaldeerentgnd thatgengrstesi gne or more
sengf Inde e dinals 8 en BB flr GIARR ekl S dnfont and dhes

protd¥ads th€6®d efor@ skiof theadliréraatt siumelstivat tlgﬂ’heﬁ'aﬂheﬁt déaent (304) to
or nore sensor. nmeasurenent si naI S, a SI
progycs et yigatapg at%?&tmlllfé%f’éiové¥5t§fnéélc]d ﬁléﬁtchP‘ﬂ@?ﬁ a fpp current and

oo 4 SEESAS 08 R0l RLELOHI L RARMSTERL
conanuitataalo&l sigmal incldohgathe daasignelatadomody stes rihe 5@1)11 ¢dmarnunication

?celv s a flrg f ent and that receives the data
GRQIthe PRPETR QU 33’[‘5 processor (512), generates a

whé}bﬁ' tﬁ@{wo %%erﬁ%ﬂn@ﬂt (%0@)‘1@'&&%9 EheadiG-isepat a
signal, and nodul ates the "digital conmmunication

a ccamgnmbatmm Twweh suppho (A1) eorm@ste(i 30@1)3 commusretisinsysien (511) and

S_instrunent 5 t
oy RIS 1) tEb ShaRbRalS e 1
t 416 c&RABTBLTIbeRlg cdAnsYSt eﬁi’@s@ 514614))&'0&\013‘6 bﬁi‘gi‘ﬁ1 08) 'with €he communication
comruni cati on_ govver supp@y (501) and e conmmuni cati on

sBostes sy 6301) heing camfigiired ioiprpuie thedisiraarar apbseatially
t
Sa b LhAS B8R 5780 b b ROV G, P

a s1fg1l1H1 heotessingg Sons tsapply 802 cdimected sé trtsignall tragressoai(fll 23 and wherein
i rst povver toth ni cati on system (51

St Al JroRsess (gD BaATe %@ESPEPC?%@@)POW&WBE%%HS@ g pgapable of

%&%onﬁé&%@% {s thetdd-waiddhy 8 by in Sﬂaﬁaﬁél%% the communication

processor (512) and the sign rocessi ng power supply
((50R) seppdy C’i(m\bm&th@fcomm@tmm Syséan (ﬁi 1);:W®tbsth¢ kignal processing
two-wire

Y ﬁmp,;? f}B ?niggﬁg?ﬂ {}%{@%lﬁe Ygﬁac current a substantlally

C&ﬂgﬂdﬁﬂm@ag@@nw%&&ﬂu(p'é%} to tﬁ‘b%?nél'}ﬁoo‘é‘s%adﬂ@)” ocessi ng
20 power supply (502) being configured to prOV|de t he

a d@wmnt:mweéﬁupplﬁ (XD soruecied|to the léﬁﬂmeaﬁtelwnt 43e4) and gvherein

sec nal_pr

o PR RSl Tt BB s R BERSAes “RREY G i Kt of
%@@é&méc&&ﬂécrmdhd\ﬁﬁf-ﬁmﬂ buk (B08) Asd fnlpﬁﬁﬂﬂeleillﬂmﬂetcommumcatlon
(304) and the drive current power s

503
b rerrly (S0 & prdithe sAmERnictige s lﬁjﬁé) taﬂ(éfw‘f%%r i3 @§rallel with
(RO 8kn Ao deBsiREp A Erupityl(Bo3)Ed BT HRELREbr (512), with the drive

current power supply (503) being configured to provide the third current, a

substantially constant voltage, and a third power to the instrument element (304).

2. The two-wire bus instrument of claim 1, wherein the two-wire bus instrument comprises

a flowmeter transmitter.
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25 power supply (501) and the conmmunication system

(511) and further in parallel with the signal
wonrosageisng power supply (502) and the signal PpCOES3®GEN031027

(512), with the drive current power supply (503)

r t Vi he i curr / )
5. 6 BRRRTEbPYSBnER R C el o b I, eyt comprise
a floWmeten stansnmest arell tReBRtruhAdglemdnt chmprhes hvieastone flbwsube driver
i nstrunent_ of claim1, wherein the two-wire bus

and; ety AERPICkSMEFISe®s a flowneter transmtter. 15 WO
2005/ 040735 PCT/ US2003/ 031027 3. The two-w re bus
instrunent of claim1, wherein the two-wire bus
4. Tlmcst\m:lwim bus owpumsef chith| lgwitetdn the @rswirktbes imtdmehiecomprises
Ci nment eJBerrent con'prlses at | east one fl ow ube
a 8]? owgﬁtar HEWH Ny e pickoff sensors. 5 4. The
two-wire bus instrument of claim1, wherein the
two-wire bus instrunent conprises a Coriolis
5. Theotwreewae bus mswrnentexf claBn ITivédierain the two-wire bum dtstrument is
e two-wire bus instrunent is
subhn G éh%@r SR R y Safe (1.S.). 10 6. The
tvvo W re bus instrunent of claim1l, wherein an
npedance_of the two-wire bus instrunent is
6. Tslrﬁofé‘thrrtrP hps ipstegnent o4 claighi ), avherrin epdmppdaacethe two-wire bus

1nsthﬂﬁé1{t m% aﬁt?al QUG x{lﬂle &8%}} %1i@B V\_ﬁlﬁ&rurﬁén&s %ctmg

two-wre strums of cl erelnacane
contrmutibegionhi rd current fl ow ng through t he instrurrent

elenment is limted to frequencies that do not interact

with conmuni cation frequencies of the two-w re bus.

7. ﬁle tevot\\()‘ﬁe Bird Ristetedt RS MR WHERAQL cﬁgl?é%ttg ‘{ihéC Bird$¥ftent flowing

a two-wre bus (308), conprising
throrugls thmnﬁnnnmt elearent is 3dddedt thdtequenees/tbst @ ndftuntdrercmmthnt

t hat enerate one or. nore sensor measur enent
“mgrﬂﬁﬁrgn q&?ﬁﬁﬁp BJ8eSEBF OP812) that receives a
second current and that processes the one or nore
sensor neasurenent signals fromthe instrunment el enent

8. 4 suayvircbusprayyinsat 0dhedaptecyfealse with adwoorira e GO08beomprising
an 1?{18{5%?12 gl(%blm\(/egt;ég)@ gt[ artegae%ge%lg\r/] rd]f}:rufgrlren%f %né:t'ﬁ% g%eniera?es One or more
sendolr aasEemertighhls, gsigadlpt@sessordb U ) thht RbeiCeyARULE@L It and that

signal including the data signal,_ npdul ates the
Progesgrstlag oneHwRAF é%rtspblﬁle@srlmrn Segriels R thevssypmEntslgment (304) to
I
prociu%@ %29% A %ai ragﬂ gk gfé%@urfsaﬁﬁﬁtpr&%éé%o%t? 1 %ﬁc}{?@c éeﬁ&%g“ﬂs{ &urrent and
thattremws ithee detessipmed tfnomr&ntmg@ﬁl)ﬁx)ocbssof (Fl2hegenehtas actigitdl zed

corrtr%gnt ne,co ngf;g%:lﬁ ng We gl g%d)(rla(tes tl%g d{:g?tg ceo%rtm%gmtcgtmn signal

onto the two-wire bus (308), and transfers a ﬁrst current level command to a communication

power supply (501);

wherein the two-wire bus instrument (600) is further characterized by:

the communication power supply (501) connected to the communication processor (616)
and wherein the communication power supply (501) and the communication processor
(616) are capable of being connected across the two-wire bus (308), with the
communication power supply (501) being configured to provide the first current, a

substantially constant voltage, and a first power to the communication processor (616),
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30 and wherein the communication power supply (501)

and the conmmuni cati on processor (616) are capable of
woebisg4esnnect ed across the two-wire bus (308) PCRiUS003/031027

the comunication power supply (501) being configured

t @hBeRVihd %rstt RerrEit 1§% dﬁ:\H(liéf' Bstﬂlﬁg}%%&ﬁ%t%l th first current level

constant vol t age,
commoaind;at i on processor (616), 16 WO 2005/ 040735

a ﬁfT/ ggo 3/ 031027 @?freln t$ first cur ent is
MY BefloRpavigs ;) g?%eefls S%a?é PLOFESSINGROMEH Supply
| @02} andcheERAS!; pr@ce%@dnt (59@) AERnEWR IS ) O%y Q?@é@e ermined voltage

connect ed between a signal processing p

(sugyio thecrignabproicsiar (Processor (512) and conflgured to

< STHRRL a8, 1 20 B BRI VRYSPA ul Rk A g 502 and
ct:hB rvemmtetpeddmciamw@dmp NSRS tRGSHRBYES ]t R a&@ﬁ%) shunts
and the voltage. step-down device (604), ereint

§Wﬁﬁ¥‘WBFW@E%IQ%@E@QWGhGFBG@ﬂﬂgﬁﬁﬁF§51 xcess current

th
T e L
Sa;ndﬁhdshmt dalteige eegubdidy (6050 amdrd/htiein Blblsfgnallpﬂobégﬁlg power supply
r gcessi

(] (PR ans g b 2 onel peces ot T
V\Qﬂtta%‘gféor BMréj@éﬁa%Fe ((ffbg 12 o« c ARGt Ecrs UL 5W8 NitAGR (308)

605) "are capabl e of” bei ng connected across
in Wﬂﬁlrvelt}b‘(hg coB@BYnicativa rowep avely €50 Wiahd tlteh@mmumcatmn

501) and t t
e N e
Sty ﬂ(efs@edndlwneﬂt BQEbHEMIAN dofsthBt W@¥E Fad NECHRGRAE: to the

current, a substantlally constant voltage, and a
simghprogesse(G{st he  signal processor (512): a drive

{ to the i t .
a drfézllée kgrﬁét @%ﬁp}ﬁ}p @ v%g %{é}q‘%}d %ﬁc | eﬁlsl 3 rrﬂmg%t[ el%}ll%rﬁz%%?ﬁg wherein
(t(BOptramenttelemndht (308) Gud tiesdriEoneFens bpPesuppRIF 0B fe capable of

bIe of beln%Fconnected across the two-wre bus
?ﬁ Coaﬁ?ftqdnﬁcb%ﬁ q @yo-yitetpus N%O%@ﬁﬁmmp%raﬂeldwthz@epf@mumcatlon

?JS%{ YurpBOG&D 1 PR th ‘é 1%ﬁ @(fés g?g@saﬂa 580 \Nézgrgllel with

rther I'n paralle essing po

ghnggglyal pBERIsing pmvemsgpplly (|502))(; ﬂm)gna( prssot (562?’ ah¢ agleage step-

dth h
o5 ias R CEGeand g st ivalies reatieto (k. PR dritagrapnt power
(951%2} (4031 BEing @B HHEE b f)lQ)VRTeCﬂ{é d8rd Bfrehfial rsﬁb&%tﬁzﬁflgrtconﬁant

tantially constant ~voltage, and a third powe
tvRbagenand mtherﬁmo&reetmﬁte ingompent 2kengent {304t wo- Wi re bus
instrument of claima8, wherein the two-wire bus
i nstrunment conprises
9. The two-wire bus instrument of claim 8, wherein the two-wire bus instrument comprises

a flowmeter transmitter.

10. The two-wire bus instrument of claim 8, wherein the two-wire bus instrument
comprises a flowmeter transmitter and the instrument element comprises at least one

flowtube driver and one or more pickoff sensors.

11. The two-wire bus instrument of claim 8, wherein the two-wire bus instrument

comprises a Coriolis flowmeter transmitter.
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a flowreter transmtter. 10. The two-w re bus
instrunent of claim8, wherein the two-wi re bus
wonsadsrworBat 30 conprises a flowneter transm t Per/Uan®3/031027
the instrunent el ement conprises at | east one fl ow ube
driver and one or nore pickoff sensors. 11. The
two-wire bus instrunment of claim8, wherein the
12.t Wee tiiorwirp bgs ingttument of claioo Apwherem the Sos-iwdtei tais instrument is

flo ter.tra itter,. 17 WD 2005/ 040735
Subﬁ@ﬁ%@z@%%ﬁﬁ%fig:&)rhe two-wi re bus instrunment of
claim8, wherein the two-wire bus instrunent is

substantially Intrinsically Safe (1.S.). 5 13. The
13.t Tesz ior wirp besS iinpsumenteei claim 8J whereig, anvimpedinee afithe two-wire bus

ol . - WM, I € S, _instrunment is . .
inst R R B RIS oDt e S g VRl s conducting
commsiicativant i s conducting conmunications. 14. The
two-wire bus instrunent of claim8, wherein a change
to the third current flowng 10 through the
14.1 THRIGOBRE bid SIERDehSof didthd @,%ﬁé}?ﬁ ra%ﬂr?%c‘fo%ﬁe {hﬂ%tcugrgnt flowing
not interact w th conmmuni cat’ion frequernti es of the
thraugh tiwi instrimst démenk isrbinited tofreduenoics thaa db wot intetat Biith
I nst.r rrer}t? [of0) ri,{s}' ngﬁan i ngt rument el ement that
COHF’%%IBF#’QQ WHAFES ¢ t:hP P-YHtP4hat generates one or
nore sensor nmeasurenent signals, 15 providing a signal

processor that receives a second current and that
15. g sethodeof forraingariavoowirgrbneinstrgent, nempuisingeninsgimaal ement that

fr : i rumen I nt to produce a data signal, .

g S PR AR et s g e irGens e pbdiint signals,
f i rgbvidinglacina Peocebddathdt e&RINS 8 sbiddat@nSirdNRdt phéRMes the
the signal processor, generates a digital

c orfiRE QF BQLG HFST Hisasurement signals frore thininatrement glemenhtp produce a

RIE TR e e -

chdhac¢aiiez ¢le Byta sipnalvireinniie sighalProdessa] gdBrap@wedigital
supply connected to the communi cation _system and
wh EPBTHIEGaHO e %ﬁnt%ﬁ(s\ﬁfé\rm@wbﬁmg mageplateethe digital
CONBHRL AR SRl AL IREFRRAMI s, Of being connect ed
across the two-wre bus, wth the conmunication power
whetgip eymetbodisi figtheoetfarapteretdtby: provi de the first

pro bR St RO AT COTEE © B g CHicgisgHam aad

RVHRERS EHeN@nRANRICaBMPR Wer GBPNIO @hE thd QnldiBnisht stem are capable
processor and wherein the 'signal processor and the

Sf heiag comseieskaanesstbaro-winsiuy, witle theagoatsvenioftiob pomgr supply

being configured to provide the first current, a substantially constant voltage, and a first

power to the communication system;

providing a signal processing power supply connected to the signal processor and wherein
the signal processor and the signal processing power supply are capable of being
connected across the two-wire bus and in parallel with the communication power
supply and the comnmunication system, with the signal processing power supply being
configured to provide the second current, a substantially constant voltage, and a second
power to the signal processor;

providing a drive current power supply connected to the instrument element and wherein the

instrument element and the drive current power supply are capable of being connected
18
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15

connected across the two-wire bus and in parallel wth
t he communi cati on power 30 supply and the

woansdsat i on system wth the signal processpPagy/Uszsn31027
supply being configured to provide the second

current, a substantjall nstant vol tage, and a

SETash dhe EVBHORYS bRl FoBe ceBrig ol B9 sgpply and the
HolMBuGibati RNy sRAVEID fHHAR i pRRMBEFHE thd Beritd ?rdc@@irfglﬁw& supply
el enent and wherein the instrunment el enent and the

amidvthe signalamoceseveyith dppdnyvesguarenbiprartrsuply heinggonfigured to
! d, 18 WO 2005/.0407.35 PCT/ 0 .
EREVE S pd ol ot o o AP i PP o e

GASMNESG @ldngdmt power supply and the conmuni cati on
system and further in parallel wth the signal
processi ng power supply and the signal processor,
16. \Y‘}}el}ngﬂgd gf l:l\éﬁn (‘f? r@ﬁ%&inﬂﬁmo-mux i BEE ?(f}éﬂr%‘ég £Howmeter
to ‘provide thethird current, a substantia
tranQ@itsdrant theoinstagaent @banant compdsgsaneasttanetfloavtBbe driver and one or
instrl%gent el enent. 16. The nethod of claim 15,
mMOTGAAFRATHSEORISt wo- wi re bus i nstrument conprises a
flowreter transmtter and the instrunment el enent
conprises at |east one flowube driver and one or .
17. Mreempthod of tlabe Asowkereibthd Ryo-Wies hvs kst edraprised & Coriolis
q V\,here'#n thfft two-w re bus instrunment conprises a
OVEBPICH PP ™M fywnet er transmitter. 18. The nethod of
claim 15, wherein an inpedance of the two-wre bus
instrument is 15 substantially constant while the .
18. {hhs-mpthed B elajm d fr wherain dndmpshanse Of Hig tHONTHIA PesinptapRent is

PR Py A g g cicions.

(1.S.). 19
19. The method of claim 15, wherein the two-wire bus instrument is substantially

Intrinsically Safe (I.S.).
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