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BUS LOOP POWER | NTERFACE AND METHOD Background of the
Invention 1. Field of the Invention The present

WO pwensioon relates to a bus | oop power i nterfaP€l/us2vd6/016439
nore particularly, to a bus | oop power interface and
met hod for an instrunentation bus. 2. Statenment of the
Pr obl em Fl oviBgSdrQ@O&R POWER INTEREACGEANRPMETHODI ow
rate, density, and other characteristics of flow ng
materials. The flowing materials can conprise |iquids,

gases, combi ned IBgskgioundofthedhivefionds suspended in
liquids, and liquids 1ncluding gases and suspended

solids. For exanple, flowreters are widely used in the
I 0 ks and refining of petroleum and
7. #%%j%%e ﬁ#’%hg%cts A floweter can be used to
deTﬁé rpsrmnmwemnbndemwm b)bumb@@pl pbwgr mtéifave, raatdemore
nmeasuring a, mass flow throu

PamPP@WMEiOe@ bus Jopp paweEderTace ardqataod %&freanﬂwum%faﬂon bus.

rel ati ve proportions of the gas and |iquid conponents
of a flow. In many process control or industrial
2. Stateovertfiodithes Eyoblegs, a bus | oop (or instrunentation

ielets ois Tasia b ez U U DRER 1OR oIS clerSHea i gther
char'a%%hs'tlés %Pﬂawmgymﬁﬁihlé oTHE oWy RIaBSidls @:ah d@ﬂ’ﬂﬁlseﬂ[hwds

he various attfached instrunent or sensor devices.
gaS%ﬁd diombined figkids @nd gasesi solidssauspended iy ligyids, and hqwds

|nc|t1| g%%'ﬁé%a%ﬁg g@%@g@&%g@lﬁ@iﬂﬂo; ‘{ﬁ%ﬁl‘%g eﬂt;s:\g@%?%rgoefre widely used in

the wenpesdRftioh@ndl ARG ofdssticteurhald wetroleudvprdducts. A flowmeter
regul ated el ectrical power over the bus and that can

can perysedripcstaimine Welbpiodyetien by angamirngRfigudaia UgeiYce
mea%ﬁﬁng%ﬂﬂ aSS ABRY ?Ol?dg‘g{h%rﬂ rﬂgfe"i‘mnﬁgcandé’v& e used to determine

I'ons an r se I'ngs, etc., to the sen
the mtativiensbportions afdhe ges. anﬁhmwmhsdmpodemsom‘ afiowal so

eelve datafromt ez’%w%g Ug tru nt deib ﬁb
(RANYPTPERSHR PR QM dif PHR EPBRGgaB£US 100p (or
mstr'ﬁ'ﬁ?eﬁﬂéf?&?% )CﬁétL%edQB%ﬂhé 'va‘?l%hé'deﬂc%s 50&h ad séh%\sdewces

two-wre OOp accor |ngtot eprlor art.
and mnhaen mslpumeohdevmess udbedusdeopis mwmlwusedato d@imeatewtncal

T T e LT
Ioopﬂlbgﬂléc%ommonly used to communicate data both to and from the sensor or
instrument device. Therefore, the bus loop is connected to a master device that
can provide regulated electrical power over the bus and that can perform
communications over the bus. The master device can send commands and/or
programming, data, calibrations and other settings, etc., to the sensor and
instrument devices. The master device can also receive data from the sensor and
instrument dévices including identification data, calibration data, measurement
data, operational data, etc.

FIG. 1 shows a two-wire bus loop 1 according to the prior art. The bus loop
1 can include a master device 2 that operates the bus loop 1, multiple sensor or
instrument’devices 3-5, and terminators 6. The master device 2 can pass digital
communication signals to external devices, such as to monitoring and control

stations, for example. The master device 2 is connected to an electrical power
1
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comuni cation signals to external devices, such as to
nmonitoring and control stations, for exanple. The
wOor@rAas00devi ce 2 is connected to an el ectri cal PCT/US2006/016439
power sour ce and provides el ectrical power over the
two-wire bus loop 1. The nmaster device 2 typically
sourpe enddusvidee efadtrical powiesoveh #ie tvgo-wiinertars iobpri. t Ede master

coufS B, e ks FRCHEE Boubl Bk Rl B, S8R e
and pblkPBdfietiefers to a two-wire instrumentation bus '

standard that is typicall )é used to connect together
nul e pug 9o 1 carsenyprisan HELRDBURRUE ol fer exaniiend he term

FIECHYS RS 2o o SRR B SRR YR prcaly useo
to carmept teyetidrhmauliiplesiastrusienits and RRUANBYSap&idETof beidg 28ed to
provide fibiel GaLRIcaoRS bt GEtuMeo AaUTaSl the bus loop 1
can g&:ﬂﬁﬁlgé %%ér%fs@%, Sith L9PRAFIBUS, rgAl;‘Tlf, a&g-;zobﬁﬁ( HRMbEE, etc.

cludes voltage regulator 8 an oad 9 In series
wi IS .thehaws agyior regpowieoregdlatitimneschementpe a prien ait bus glevice 3

con 1l n(ﬁ,gé{%sét tﬁqsglggﬁﬁgpﬁa%/ ?xlrithaﬁlblq%v | icf;ﬁo gwﬁwgésa\(;ol?a'ge regulator 8
and BNeAd 8GK Serid8 Yithetke Volagk e6§lilatst 8. PPHE okdde REQNAdPE

in this prior art arrangenent conprises the output
maintainseonstantoliageilexeltedoe aaskO(\v) nultiplied by the

| _ _ . : oy

P PBYRUEE 50 ok arth B AGIAEAER ARTloabRe® hil Reliil
electrival polea(R) pravidedtinthi¥ prior ahtearearsddmdhtecamapwides the output

BT AT R T
that §§§ s ‘Rﬁﬁ mfﬁefai’ ré%ﬁa{ic% ﬁ%é Egbmgwgptrhﬁgﬁg bg%ﬁg:g%ﬂfe voltage

e possi bl e soluti cou e use o
parameter Wdndihe avgifble pSWREEqUALISNVAS = ¢ Xal) spessdndiallgdixed. In

as swi tched node power, s ly or a switchin oner :

adcBip s Bus ipee gline PR ing Kok dudenindigasea,dfe R b relatively

hightl&6p Wrpbdsnaeo! t age, performs a vol tage step-up :
conversion, and converts the resulting tinmevarying

si @nelpassiie soluioncoulsl ba e usaof aswitshwaode hoyies supply

(PR, APEMPR: R i i R Gloieg, it S upely of a
swittHiag paaedl supplye e SMP S getepatbs altimé vaniMPsigiay from ihe DC bus

that a SMPS device typically has a | ow input inpedance
voltagea PREOEPE St Yltagetitadup everdanancheenvaristhg rgeviting time-

varying signal back to a DC voltage that can have a higher voltage level than the

original DC bus voltage. As a result, the V term in the power equation can be
increased.

However, the drawback of a SMPS device is that a SMPS device typically
has a low input impedance characteristic. This is not compatible with a device
powered from the bus loop 1, where the loop impedance is kept high in order to
enable communication signals to pass over the bus loop 1.

Summary of the Solution

A bus Ioop‘power interface is provided according to an embodiment of the

invention. The bus loop power interface comprises a voltage control module

receiving a loop voltage Vi oop and generating a predetermined supply voltage
2
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powered fromthe bus |oop 1, where the | oop i npedance
is kept high in order to enable conmunication signals
wo eoopas®ibver the bus |oop 1. Summary of the SBCTUSZNG/AI6439
bus | oop power interface is provided according to an
enbodi nent of the invention. The bus | oop power
Vsupeint, anfimpedanop coatrsl modulet cmpledid thel votiagel contet enodutey with

NEUCTERT AT e T i
pred%ﬁ#ﬁhﬁé’d EQpél?%uYt@nE ?ggﬁp&oﬁrﬁd 9'fe8@l§é&l@codﬂlédﬂ befifeen the voltage

edance contr ol ul e receivi ng a Ioop current

contrqmrdtdﬁ angdherimpedgnee pertsetaediiged haufgprhaeiuprasides a

feechghk bigal Bl R AR of BB LA HERRS S yRab 8§ ool

modlkeidadistaritizNly desintaif e@bmlet@mjnea sUpplg/h@lmgét\ﬂﬁBpLy
control nodul e that enabl es the voltage contr

t oA AHSIPER PONEr yNIRERRR i hrww@%%@fegﬁpﬁ@oe@b%mﬁnt o the
mveHﬁ’cﬁ a?ﬁe%éwggﬂr%m}éﬁ"g'ntéﬁg& B?ﬁﬂ?ﬁséé‘%esrv&lﬂﬁ’w%bac_ﬁfo%r%%ﬂply

ccording to an enbo e 1 nvention
(SMPS@)Mgpewmngm odpavsiageiobs aﬂdsgmramrg mpajedeptenmmed supply
U2 receiVvin oltage .V LOOP
voltaghfekeriog 8 prs irepiweb i Srber taRB oSt
mea$llfng ¥8sis10P IR RBKREBIKiNg™ Rfofpacﬁﬁréﬂ!flﬁdagraﬁ Qﬁmr‘nFQﬁ iAcluding input
current measuring resistor Ri recelving op
termingle egrossiiierurant sieasapngresisieasIRidRng & thanaistos Bribiased by

e GRS o RS 50 G B 358 e

predetorniigse Isupplytdlﬁrérm %pﬁl\}r e olitb GOBY thecorgangy 8t sént&)ls an
predet erm ned sup current | SUPPLY- The out put of

'mpﬁ?d?éicépﬁ%@c’f@”§%9$ tedransistaped é\ﬁ‘é‘é%ﬁ@ﬂ%@\e&rﬁgﬂ%’”@ed supply
currém t.IPE‘Y”S*rﬁé %s%ﬁgggy‘émméﬁ% B EEQ‘E{‘ﬁg?Slstor Q;

current | 00p po ace
coumad 1tds1 d’ie SMRS ibedThe Warmstosma_ns Biasedup/ the Ibop vbkadGWNop.

* The VRiadesthBoHaE NSRS INGEIST cRIET e SR DREK RinfaF Fegngected

betﬁde;e@ﬂﬂa kaﬁsﬁr‘s%bﬁQ%ran%rSQH@e%@@e@%é‘@@ﬂés‘s‘ﬂ@r R Adteivdsh

ground f'eedback resistor R2 recelves a
feedbacklbuukntsrframthe Fansistarite Afeediankoroligpe Visfansaimitie

feed ok P RodS TR RY PRatoRe POl RB (P8 SHIPS f, The

tranéléﬂﬁfﬂzféﬁd tHPreRBBatk eeéﬁ@ﬂl RaeapRrsthet SIMPR2US enblissthRtally
MPS U2 to substanti aIIy mai nt ai n the predeterm ned

ma"starspnh@ efetrgainsUrmphavaiiagR N safrcont rol Iing
el RGhEHRR oRAMEOIING dettital BRPePRYEbud [Hh SRE& ihferface is

provided according to an embodiment of the invention. The method comprises
receiving electrical power from an instrumentation bus at a loop voltage Vi oop and
at a loop current 1, oop, generating a predetermined supply voltage VsyppLy from the
loop voltage V\.0op, and generating a predetermined supply current IsyppLy, with the
predetermined supply current lsuppLY being related to a predetermined imbedance
characteristic of the bus loop power interface.
ASPECTS

In one aspect of the bus loop power interface, the predetermined supply

current IsyppLy is substantially fixed.
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provi ded according to an enbodi nent of the invention.
The nmet hod conprises receiving electrical power from
wa@poornstorunent ati on bus at a | oop vol tage V LOZPI/afm0&016439

a loop current ILOOP, generating a predeterm ned

supply voltage VSUPPLY fromthe | oop vol tage VLOOPR,

and egmhlmems;pag:t af fivechles topi predersofgsiagec ther predetesmed/ supply

wi.th the predet erm ned supply current |SUPPLY being
C”"q‘rgll%ftpéld’ 'ByaY'9edet er ni ned i npedance characteristic of

t e Jeanbifel peef of theHusA668p pORWREFSIThbe Ohe m\@@aahc@t:ontrol

t he "bus | oo ower interface, the predeterm ned supply
mod@l@rregntatqa&segp ricall §npetaneenini the busHosr gower iHetfaes.

as f f.

et ae e GBish pO P8 RRRbe dhBisifSfiact e mpedanoe control

modMl%tfufthét bermnpéaspsah m'fpet:llaﬂc@ Uenﬂroldmepwmrtheﬂmeﬂan@e control
dance cont lr9i nmodul e regul ates el ectrical

line b%a&gﬁﬁaur%i torRont; th%'@dsae«um' 6 FePRY Guirrent lspspy and control
an e%%%ifmﬁé@ﬁr%e of thbhﬁ:ul 4 Eé’%ﬁnﬂQl"Yﬁbdb@. erface, the

nce contr ol urt er conprises an
[ rﬂp»e;cﬁmethmrasmk:t bf the, bus lbbptpimwa‘rrhpiedaneethedsusr lobp power

interigegiRet FoBRTspegsRtk o LRBUTEHOIES SROGITEL ot Qupt terminals,
whetdi® §iRGSedinde ity astnge ré‘dé’\iésoﬂheﬂﬁgpl |cﬁrrehﬂlL¥8,£ from the

anot her ‘aspect of the bus F)ovver i nterface,

inpubtesminslp apd weiereit ’é\ef\aﬂt@gﬁmqntr@ meslvle Isseannecisd to tbe pair of

mnals and a pair of output term nals,
outp&ﬂﬁeyr&\rﬁlﬁ%he i npedance control nodul e receives the | oop

C Ul gt tanotiEiRidpeeinof the huwivbp tpadwernalesfagadthehesieige domtrol
vol tage control nodule is connected to the §)alr of

modalﬁfrslu ef EPMPRSES a SMIGHMOdRPONET SEIPRBCEOMIPSY Ke. bus
1 t
¢ opfyet Hfiner dslecPEPinel ffs 1BE AR G0iHERL, R Migkdance sontrol
moduld furtpet camptises aampmrtt méastumaghesistcmr@ Ewediing the loop current
interface, the i an contlr modyl e further
lLoor G- U+ SiEiudRg s derng SREPRR HIE WITTABRaTYHing resistor
R, ér{aﬁa ln%e.swez?masbe%he e;gam@rm bha r&&divielh 8e nda%t@frrent

termnal's across the ‘current measuring reststor
|Loopamdﬂather®,ﬂpufs®fdhe(9p angsédctralling apimppdanceaplaracteristic of

t th.th t f
the et B Andoqrfftintd eoa i b et Bitad! ¢
of Irﬁf@ driotir Sdpeict 6F trrRnsus RBPPYvidrifteifaee Piedebapatined
' current ISUPPLYIn

‘ comprlses a transistor Q; that is biased by the-loop voltage Vioor and a feedback

resistor R, connected between the transistor Q, and ground, with the feedback
resistor R, receiving a feedback current I from the transistor Q,, wherein a |
feedback voltage Vrg across the feedback resistor R is received by a feedback
input FB of the SMPS U. |

In yet another aspect of the bus loop power interface, the SMPS U,
comprises a voltage control moduie. ‘

In yet another aspect of the bus loop power interface, the current measuring
resistor R4, the op-amp U, and the transistor Q4 comprise an impedance control
moddle.

In yet another aspect of the bus loop power interface, the transistor Q2 and

the feedback resistor R, comprise a feedback.
4
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yet anot her aspect of the bus | oop power interface,

the feedback conprises a transistor 2 that is biased
wbyoorhaoohpop voltage V LOOP and a feedback respPGI/o82002016439

connected between the transistor 2 and ground, with

t he feedback resistor R2 receiving a feedback current
| FIrfyedanotferiaspest ot e ks loghdowyeh "aterfégab@@kcwmtﬁ@%asurmg

oA TR APV ASBD i S Bt

the lam)bop paiwerigtebfasel oop power |nterface the SMPS W2

ri.ses.a voltage,control nmodul e.. In vet,a
C Rt Bt st pLEE MisvlorBtiis infelate R Biop power
mterﬁ‘c%sﬂfrﬂh@g cbl%‘b'ﬂ%@ anRtpddafc® I@oﬁfﬂ?] I carTigurde to control the
t ransi st or I _conprise an inpedance control

predahemne@ﬁuph efrCUa@ié dupary ansecasien! Rociepibat Imnﬂd@npaéé the
or and the feedback resistor R2
lmp% '%E'?'g’?hoéjé‘%ck In yet anot her aspect of the bus

| oppygtanmithémispidorotthd es Rioprawerrrsiacenthe iess kioprpower
R-i, the op-anp U, and the transjstor Qi ul at e
rnte@@%mh@apomméaaﬁé@mn?d@nee 5QBIrPUH)S ERNRIpd tqﬁﬂ& pR@gP Us,

with 'tﬁe Y@he@%@é&@ént?& QI?l‘étbé?!f\q EORriqUted kO 8BNS bids a8 % the

ower I nterface Turther conprises an

fransisfoednce control line configured to control the
predet erm ned cyrrent ] SYPPLY. and gontro
o1 Btons aapesipsahBindngs. hednetpdmadonten ke eRtisdl ower
avaﬂdblé(%tﬁén@tﬁé‘% infdridc@e bus | oop power interface, ‘
bus |l oop p interface further conprises an

| rrbeaaoﬂ:ler esmq:tcnf the metbodphednethodisadmizemptheiclegirical power

avaige RGRPS BobarolfaniortHte By Bttt £ b8 Rehy flon
impédigndeet hod, the nmethod nexim zes the electrical power
avai l able to the bus | oop power interface. |n another

as peyet aotheraspadiel the methad, Abe methedmaxdmizes the electrical
pow%'r g%irébqg ltc\;/\lﬁ%v‘ﬁus ﬂ)‘éﬂJ’t H)&pérein{égfa{sc%gofg\%{!ng?ﬁﬂ@‘é{]redetermmed

ai ni ng

suppllynfbﬁage &/subsiy el the qréeeteasimedtsupply beremt loge. v.t he

nmet hod t he el ect
In get gr?gsclhg]r gggect 0 tr?e ﬁﬂcetrr]oé: 6%Ilme method further comprlses regulating

the predetermined supply current IsyppLy 1o generate a communication signal.

In yet another aspect of the method, the method further comprises receiving
an impedance control input and generating the predetermined supply current
IsuppLy based on the impedance control input.

In yet another aspect of the method, the bus loop power interface comprises
a voltage control module receiving a loop voltage Vioop and generating a |
predetermined supply voltage VsuppLy, an impedance control module coupled to the
voltage cbntrol module, with the impedance control module receiving a loop current
{Loor and generating a predetermined supply current IsyppLy, and a feedback
coupled between the voltage control module and the impedance control module,
with the feedback providing a feedback signal o the voltage control module that
enables the voltage control module to substantially h’laintain the. predetermined

supply voitage VsuppLy-
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power available to the bus | oop power interface by

maxi m zing the predeterm ned supply voltage V SUPPLY
war@7tBm®1pr edet er mi ned supply current | SUPPLYI PCT/€52006/016439

anot her aspect of the nmethod, the nethod further

conprises regulating the predeterm ned supply current

| SoPratanothereaspest ef thegouathad, the pradetérgringd sbipplyeturrent

angt t. of, the nmethod, the nmethod further
'SUPP&‘()%p%%gﬁ&j@efpﬂ?ghg an i npedance control input and
gemeyattdritthd s pRcE Ot bt SWppladctarninsd suSpRRIYent

based on the inpedance control input. In yet another
Isupryy ffe¥@TYINS- t he net hod, the bus | oop power interface

conpy A v, Vi

ol BB b od B IS iRe C At A further
compﬁsesagr. inigeerehcg ca)rl)t'rmnigélawﬁb the ;I:hpﬁdjamnmwararcﬂmupltmihg Io

I he tage control nodule, w the | edanc contro
configliied &0 PRRER i 5 et 1BBped SR SN dnergeREs SOG4
elecHcaf PhSETBNRbLIIHE e ESBonthoihbdfe, and a feedback

coupl ed between the voltage control nodule and the
i nieyeiranoterspsict abiivel regthad; the weltdgecchriod npodwe dirtiger

f eedb signal t he v ontrol nodul e that

comBii 8an v TUE gk SHBPETSHEE G50’ cubstant | al 1y
Mainyeti ahothér aspreebeInd Methal i inyaddrieecontidPodute further

yet anot her aspect of the nethod, the predeterm ned

compliges  califent measglipprasistor Kyyecaivindheyjoep guerent hogrean op-
o) . o . Yy |
ampQ BRI ARABER (A mindE RS e SRR R EPEB5RG8F oha
trangisor @t hiased bi¢he gp@la;mdza amhrtelcl le!viﬁg)tﬂw leﬁt) w#triwt lLoop, With the
C 'l Sses an edange contro Ine, wwth_the .
outpiif Bbins: a8 bs GPNIPIIRS BB IMpeCanes ShRFeistegithe rapsistor Qy
and E{;ﬁﬁsmﬁg%@?%o%émiﬁe&%pﬁgtcdr Tl ¥p@Nd control an
e al 1 npe [

ectri ance of npedance control nodul e.
| ninyyst anodhéreaspespettheohethos, e fesdpatk éurttodt Gogeprises a

t rol dul.e furt ' i t,ch
tranGRI: thaRBiSeast bY S P RERE Vi epant iseehachssivar Re
conridtfed BBRHSEIE eCPAdistbr @@Hd% rouh8l h@fth B9 Ed bRtk desistor R,
current neasuring resistor rece|V|nggthe | oop

receiMing arfeedhbamtrcursgntdptiam tbie transistar R, Wheiain adeatlbagisvoltage

N

SMR$&J,| oop current ILOOP, with the

-

Description of the Drawings
FIG. 1 shows a two-wire bus loop according to the prior art.
FIG. 2 shows a prior art power regulation scheme for a prior art bus device
connected to the bus loop. | ‘
FIG. 3 shows a bus loop power interface according to an embodiment of the
invention. -
FIG. 4 shows the bus loop bower interface according to an embodiment of

the invention.

. , Detailed Description of the Invention
FIGS. 3-4 and the following description depict spécific examples to teach

those skilled in the art how to make and use the best mode of the invention. For
6
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out put of the op-anp U controlling an inpedance
characteristic of the transistor QL and controlling
wo b@7ps@det er mi ned supply current | SUPPLYI n yePCHOS1006€016439
aspect of the nethod, the feedback further conprises a
transistor @ that is biased by the | oop voltage VLOOP
the pampbse 6fiedbhing inesitdeqrineilesrenme sdnventionah aspects have been

simplid BLaTer Lhree SRUEH THE | Sop BRATRGErR TR LPl these
exant¥les ‘Mle&rfél'l Withir 8RMWPE ofthé A8RNUER. dhossskilled ihers bkl
resistor R2 is received bﬁ@a f eedback i nput FB of the

appreipes 12t ticiastivesi dascobed helow sal R§aENed i atigusways to
form&ﬁ@\f]@fe;\%rg%?fépg ?%%@\&&bﬁé@ gu%% rtégﬁltpﬁ!ﬁ%v&?ﬁon i r%t h%qlted to
the s@éblﬂbté(admlés eesorivetbeldwt but blelyblysthbaﬂalmsl:du@ trfénsderqumalents.

ofFIEn Shieh 8l lopp @ovier griaact {60 deeordiy f ghembodiment of
the uh)\gatrﬁfofna 'ﬁgﬁﬁg i Sower lﬁ r%@éofbd"'ﬁfbtwdgs élBStricBVﬁ&hé% a bus

[ ed scription of e I nvention FIGS
devitenatthchddio any lmm@mtbwﬁomﬂl (oot shawn). i Eh@baam@sp@wer

interlgSg, 10081 B 1B iefis St e TiBe T8 catifi pif bus

,nstru,m,\éﬁpbf MRin! i nci pl es, some conventional aspects have
been sinplified or omitted. Those skilled in the art
wi The bppdevicgtis angrembodiment comprises® o metes sushtas a

Coripift ol Agter of ARISEARE aBetotfotel R el BRRREL, dfih bus
devitsd aie @@ﬂebﬁplﬂ@ﬂ@rﬂeﬂel\mtmtalth@@eopwaﬁtﬁeodéwmlm landpdiams.
variations of the invention, As a result, th

i nVaebus HooR paWET intpiface) 19 inghdasya ¥pkage ese'a%h rggdule 110, an
mpé?:%?&%%'ﬁ% opﬁ{cﬁﬁéf k’?gé ﬁm ¥ fé’é/dbﬂd& A5k Iéﬂ‘@eﬁﬁ@érﬁ the voltage

equivale | oop power I nterface
contid) onedderidiOrand theampexiande centrolofhotble 12(.emheée dus Iate power

interfase, | G DeilAs PAY G SRS, Sanfa b i BF sofPIES to an
bus fd?ogt1 §F8\égﬁa|r H‘Sut%%térﬁﬁ’rﬁélé’qmrcdnﬂbﬁféoﬂ&eoeleguﬁléa 6@ sensor

evi ce attached to the buS loop 1 or can be
or instremiens dem&er(alwmot@howahyThe impedance control module 120

receives the loop current I oop from the input terminals 101 and the voltage control

module 110 is connected to the pair-of output terminals, 102. The bus loop power
interface 100 receives a loop voltage V| cop from the bus and provides a
predetermined supply voltage Vsuppiy at the output terminals 102. In addition, the
bus loop power interface 100 receives a loop current | oop from thé bus and
provides a predetermined supply current IsyprLy at the output terminals 102.

The voltage control module 110 provides the predetermined supply voltage
VsuppLy from the loop voltage Vioop. The vqltage control module 110 includes a
switch mode power supply (SMPS) in some embodiments. The supply voltage
VsuepLy Of the voltage control nﬁodule 110 (and of the bus loop power interface 100)
can comprise a direct current (DC) voltage in some embodiments. Alternatively,
the supply yoltage VsuppLy Can comprise a DC voltage including a superimposed
digital communication signal.
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The bus device in one enbodi nent conprises a flow

meter, such as a Coriolis flow neter or a vibrating
walemsgitsonet er, for exanple. However, other busPUPUSE&016439

are contenpl ated and are within the scope of the

description and clains. The bus | oop power interface

10The supplylesltagey Vetragecanberless thaduhe 12 voliage Vioor. The

supel TG Vsraecirt RE Soaen fen it o SRER elhd ) ope The

éetl baadulfiked 2. Ag lisell oop power
supp! fb?g?gsd%ﬁ?ﬂgt blfRe va'ﬁh g pp

|nte i ncludes a pair of put terg] nal s

coHie iunestnce aantiod mqowe 120 spowates QJ%tf'fa e&'%\&ﬁrﬂn the

s BhpR i 5 18k PR AR g b ofhdes e
predéefgpedatcsupiy curbntriaght ¢ fibadthesioep\eesrerniid obe.o [ helaupphit

| LOOPf th t ter, | 10 dth
currertnurei SGIPET §Y ErvBh e raBeta el e by ik impadance
contld hiBdife §280%As d hesdiishd Rﬁkﬁed&%rof'tﬁé Pusa66p b@Q/er interface

receives a loop voltage V LOOP fromthe bus and
100 parmbednammlmedéaeemneld higipphyedanaedgeel SUPPLY t t he

eSS reny fie P RITRRET suhbS qlisst fBab i Bbuced

by tH%U|$n nBE QEnEes mbdRie 020 /Y ShantialgEixedc Ulternatively, in other
| SUPPLY at the output termnals 102. The vol t age

embedimernss the gadetamoingd $upalyscurfant &L@ae« i8 viaryieg, %ta&ho@%m

e R R DBl ST Thgtin s

polesorfid epbodifihEs), the immﬂer&lmtrtﬁ ntaduld@HeO0snglptigs an
impasNCRGaBUS! 1o 0Rokie IMRSSPNES SoRHe) Imes D g eirad 1o
contlt Iﬁﬁ&hr%éﬁ‘lheﬁ %gﬁﬁ%{r?&ﬁ I p%oéi‘?d BORPSItAB R Setrical

ter ely, the y voltage VSUPPLY can conprise
impeﬁdﬁ@e\ajltmagapedmhaﬁjcmgrcd nsoghde il2Posed di git al

co ni cati [ [t VSUPPL Y.
" oLbS PRER0ane FadoioF Dol ke iR Emb e bodinidls ¥ vary
the P EUrr&ERt L%rﬁéh%s ihARb Sdinfeeatht @nipley eRafrical current to
vol'tage VL he suho %ﬁvoltage VSUPPL can be at a

genenat@a commdnigation signa @atmeladm\rmtéer: embogimapighe

mpeage o) file 0855 HRbP I SIRRT Sol AE SR AEE oo

subﬁéﬁﬁél@ﬁ&eﬁhmp@d%ﬂ@é%meﬁﬁﬁi\d&hél@fareﬁal eubsltbnt@lsjpﬁ&éd supmply
the | oop current Loop e supply current |SUPPLY is
CUFF@@HGMF&L@d by varying the inpedance provided by the

i R:Eﬁg?e‘é@o ”{L@b%ﬂg&l sefeqeagacka‘ﬁo %SlH*cﬁeda‘h'&S control module

edance o power
120 to the voitage control module 110 The feedback 115 provides a feedback

signal to the voltage control module 110 that enables the voltage control module
110 to substantially maintain thetpredetermined supply voltage VsuppLy. The |
feedback 115 can include a voltage level feedback, for example, wherein the
voltage control module 110 uses the voltage level feedback in order to maintain the
supply voltage VsuepLy. In addition or alternatively, the feedback 115 can transfer
an error current to the voltage control module 1‘10, wherein the error current
generates a feedback voltage that is used by the voltage control module 110 to

maintain the supply voltage Vsurriy (see FIG. 4 and the accompanying text).
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100 can be maintained at a relatively high inpedance
l evel. In sone enbodi nents, the predeterm ned supply
wa@ eoorasto1? SUPPLY produced by the inpedance conP@DUS2006/016439
nodul e 120 is substantially fixed. Alternatively, in
ot her enbodi ments the predeterm ned supply current
| SURPfeedback dripiiagsed e heasrata aadbodintainttbe wegulated supply

voltagRie o8 R oo e ok BcR SPE 8 BRI kR Biectrical
pow@fo@mbat By the Bigd ldﬁ)@spcﬁﬁeﬂ iARSERBCAHCAN Hdrefdrato LeRievéhe

I npedance control_line 106 is _configured to control

maxinpém payesteansferedl @ﬁ@@ﬁ?a@br‘l i 8 pan engere thatte busteen power
ol FAPESG S Rpb P Sicd pghle? SpRPRIR i GmE ke G luendne
suppiy veltage ngm oeariges! therboy lddpqo@u@np:hjerfauer B0 maximizes
avan!@S}%Pg@,L\@\/(elf 3&3)&9, quje cSpnb M L qtngg g;pglﬁ or%wlr%lg C1t0r'lI n%gy have
to optrafy %‘Haé 5?@&!”@ s%ﬁ‘plgtéﬂl%n? el agatis miAB§ %2a'éf§rocess value.

contr n conprise a ftixed value t
In suphre case dhe bsisheompower Iryerﬁac&adiOO icpo dhil meaxinlizestheaavhilable
therefore a substantially fixed supply current
POWRISUPPLY) - The feedback 115 generates feedback fromthe

| mpRé mgeo@p)préwek in®gadee1 08 Cah Bet iavRlth 289 iSstAirheht bus, such
nodul e 110 he feedback 115 provi des a feedback

as asﬁlghaBu% a RRQRIBUsy ©r eoi ARl by dar example Hatth@map@hcatlons

2 digiaf s HEea G e b Sudtnb e BRAAE SRbfik) lectria
powéﬁeﬁlh@ﬂatlﬁélﬁ therbusiobpgrwerintietfage 108vedn headbaddr, a #R0
| e, wherein the voltage control npdule 110 uses

milliaiAg (A RHFHOPBAIST CKEBTNR KNGTRITL IR B CREG TR PUIME IS
mod?ﬁa@@{j h @ %g%g Lsu e‘?l{rgﬂ%' o YtnRunitlatishdaie! V.

can tr an error current-to the
volrt sacgnemrbaduhentsd thebd hopypawer imtaerfaceet0®cac berwssd in

Intrirf Ay AT O30 O TSI 1AB 1§ SnYRP BNt Can Ny papors, gases,

luqu.agldﬁeet}«!SHE’é%g) YeéS@8 e or%@l&slél’ﬁ‘ﬁaﬂéy%lomﬁ’é%fdig an IS
The" back 115 is used to generate and

comnhamtttmmsﬂlrmtedeg wivailableupieny andiar yg8aystrmlitcan aupply.

o) BovofRapb v FEHIEN D bvieh ieiBof 355 oo HRinTE8 Beivered

eIectrWa@bB@éﬁb%%)@ﬁdzlﬁdﬂbbﬂfméﬁa\laﬂaal@\rcﬁtégeaanﬂimemllﬂbwurrent.
transf er he feedback 115 can ensure that_the bus

This|ig @ehisyre whilet repindaisingo highdpRryt ipgsiasicei cThe ki looparower
inte S0 0@ Al é\ﬁﬂs@%t@l&%am@tﬁ BhdBERoIl RBItage VsuppLy over various

current levels. The bus loop power interface 100 therefore facilitates
communication while delivering maximum electrical power.

The bus loop power interface 100 implements a method of controlling
electrical power according to an embodiment of the invention. The bus loop power
interface 100 receives electrical power from an instrumentation bus at a loop
voltage Vioopr and at a loop current I oop, generates a predetermined supply
voltage VgsyppLy from the loop voltage Vi oop, and generates a predetermined supply
current ISU§pLy. The predetermined supply current IsuppLy is related to a

predetermined impedance characteristic of the bus loop power interface.
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supply vol tage VSUPPLY changes, the bus | oop power

interface 100 maxi m zes avail abl e power. A bus device
weowuplia@ito the pair of input terminals 101 naRCTESH06/016439

operate at a specific supply current |1SUPPLY that is

determ ned by a process value. In such a case, the bus

| obe peteed Mmaxémizesdha eEdtkeal power avalalliede theébus loop power

nterfEB ARG §hd Hihod PRl fBIRME] A0V 2y 3iRup R 18 Bys toop
powdiRRigrde, 100 whildABintaining Basubstetialig highiniedmce. The method
applications, communi cation signal, can b

ap a digital, e
maxigijges therelesticahrewer avajlablete hedes losr Pqy¥idpterface 100 by
Al. i [ [ int
max AL Y E4sphiEabehP PR B[ 50 Bfpridicingl
supphheneent lshe gl €hisris @ghieved reaeh veherpuheissipptydvdi@ged/dupeLy or
order to nerate a superi mpos conmuni cat.i on .si gnal .
the SUpPBLs e BarReey ba SRiSHRaeL B JORErSs Hluertded’T 00
corréspon@thd'B@sldbcent rinsi cal ly safe (1S) environnents.
An |'S environnment can include vapors, gases, |iquids,

dubhe matbod canadegpatasthetredetarminest sy evrrent lsagmr dn order

oo B T W M Bl
contrdl iriglitagriost Yendrage thespreaerrmved sumsieclaest kO ¢ dased on

maxi m ze delivered el ectrical power by maxim zing both
the impedanae (capire! Ut age and the available current. This

o . . . . i : o _

TrEE b SN ils W bl B & BierficR! it BB T D Bodiment

of thedhvergtion. tTtee bupjdop poldrigfacBURRLM thissembadineerd includes the
r.inte

current | evels. The bus | o0 0 f 100
voltaggerartis| 8adil 111 athesMpSRORS CRNTBHMARHIS. T2 andkthe fgedback
115,@8&@m@|}%§5ig5h§@d.power. The bus | oop power interface

100 i

i mpl erfents a nethod of.controlling electrical
povee vattage donigoltrooduledifoidithisrembodintentiimalades aswitthenode

oS L 0350 SRS Bof s ka0 o
| . . :
Zencgt 23, ORSHEAH 00, HaEpRLaT e aLSH e

can ampgéﬁaala%&lfagprth@rés greataethasu el touor ésas thewtive loop DC
volta80y ok o SHAFEE diBictor hi by Erlipoehfs (L% Fflobéh to

achibvd thepprietémiined sapplyveltage Madesraxi M zes the
el ectrical power available to the bus | oop, power
i nt Be irgpedanes cameo! raetida 1RAXN thig embedimant Mglydes an op-amp

U,, PR ARET & FBltsgd Mpue® RUSah@%Pransistor Q;. The op-amp Uy
ihcludes input terminals across the resistor Ry. The transistor Q is biased by the
op-amp U4. The resistor R4 receives the loop current I oop and the transistor Q4
receives the loop current I oop and generates a predetermined supply current

IsuppLy. The op-amp U, is configured to measure the voltage across the resistor Ry,

-wherein the voltage is generated by an electrical current (i.e., l_.oop) flowing through

the resistor Ry. The measured current is used to control the gate (G) voltage of the
transistor Q4. Changing the voltage bias of the gate of the transistor Q changes
the source-to-drain impedance of the transistor Q. ‘

10
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power interface 100 while maintaining a substantially

hi gh i npedance. The net hod nmaxi m zes the el ectrical
w@owen3@vai | able to the bus | oop power i nterfaP€r/LBMO&Y16439

maxi m zi ng the predeterm ned supply vol tage VSUPPLY

and the predeterm ned supply current |SUPPLY. This is

acﬁln@vemam mpuile tse: inlsemaupmbpdingnia gomigiseslie dnpetdance

conti it gPBIGtE B0 Py iR Eascntg) (26 18R i alhBH HETiE or-
ampregathdREan tHRcRITe EOhROITh HRSk walIRRleYofaHe ftl%iﬁﬁ;lsit&UEPLY in

order to generate a communi cation signal. The nethod
cahhe BEBSIBOrL SHDEaRIPEES CRAWS trangistor.akt hespmbodiment

shoff 5ot @ SRR AL WpBlan el BT ot e
semigonduciop fiemmffeot itaesisterg MOSFETT, (Bwbhmys adB3 149 transistor,
[ e inventio The bus

aval Rl PR een | RTRPCOBRAE: Hatte aicrRUSIERE Haspistgdevice
can g%” téﬁeal‘?@iglhﬁhl%]tﬂe &Bﬁe'm%ﬁlpﬁﬁﬂtérﬁ@l clapAsl e 120,

feedback 115, as previously discussed. The
voT befredbmckr o5 indbisl @mbodimeant intledesd dinsistor Qpnenddes

feedpaRRlasiplRe; MR G inieRt e inedBobNENSOR Lippe. The

feedBack Pésnﬂb?ﬂgqyébﬁn&ttéé beheden tHetransigRir ﬂmrﬁtﬁgrcﬁmm%e
vol tage V SUPPLY can conprise a DC voltage that is

feedppelresiston i, reeejues atfsedback eytentinffonhihg iﬁ@lpﬁlggr Qz. A
feed%%n% gar@/ Jv’%)ﬁgro S£Qﬁ05€%&iﬂgﬁ<ca}%ﬁls{d}% Ci%?écei@% bg' aoféeedgack

inpus & Bnihfstha @nmbagalz\/%\f}ﬁb ?ctum sdpplya:attagbr\tgupﬁpdud:reaéé@to
in this enbodi I ncludes an o UL, resi st

aboye @ targe| sHPRYe/ tﬁﬂ%tthﬁﬁ'é%Vo'taﬁ?dg*at?‘@r%ﬁﬁﬁ aflhe @fS'S?WeQz will

mcr%e‘?[lfﬁtﬂé vélfbgéjgc%sé ﬂ’&%aé | asétgé@uﬁﬁ IO of fﬂéetrérﬁc??#t%F e (ie.,

e transi stor 'e op- anp
Vpc DEQRS becomesrgreaier dah;an ﬂ§ chtspthﬂrr a @nsnwecae)edbaai@burrmt IFB will

flow §hiRkS TeeTh et st R SIBBNY- di BT Seppafhenypliage
acroRB tReReddback ré@@fdrwt@dn&r%ags@mrcﬁ;ﬁsaauéﬁw pERecIGI A§8er
the resistor Rl, wherein the vol ge i's generated b

feed@ar:b veliage oalthe deedhack((FB pin ¢iLttergMPISoUe. né\StEhfﬁﬁuﬁh%e supply

vorddiyL ! 4 of A8 FFRLSRESEUL BBy RgtE b supply

voltddeavugisag, dftdps\wdlowane Predeteiminbe supbly Wiltages the feedback
voItatgreag‘tstlhztFOIEsE pin wﬁlhdecgrease and the SMPS U, will bring the actual supply
voltage VsuppLy Up to substantially the same level as the predetermined target
supply voltage VsuppLy. The transistor Q, and the feedback resistor R, enable the
SMPS U, to substantially maintain the predetermined supply voltage VsuppLy. _

The invention can advantageously maximize available power at the pair of
output terminals 102. The power can be represented as:

P = [Vioor — (Ve of Q2)] * lLoor * (E of Uy) (1)
where (Vge of Q) is the voltage across the base-emitter junction of transistor Qa
and where (E of U,) is the switching efficiency of the SMPS U,. The term [Vioop —
(Vee of Qz)] comprises the voltage V1 across the capacitor C+, and is equivalent to
the supply voltage VsuprLy.

11
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the source-to-drain inpedance of the transistor QL. The
voltage input V_I Set in sone enbodi nents conprises

wo b@7itspetdance control input 106 of FIG 3. ThRCT/US2006/016439
i npedance control line 106 is coupled to the opanp U
and can therefore control a bias voltage of the
t r anzisembodimenththe rangistor 612 Gomprses ahipdlgejunctiondansistor

(BToy §UKH 3% Rl B89 s RIBE AT SO Fayrhiy BRReqrid for
Corpméﬂdm ombolm&ern' stiouldl beainderstodd ehatesthet fransis®iroare
such as a BSP 149 transi stor, available from

cont@mlaiee @’nﬁ@sﬁ wéthiry thas seape phthedascrighon sodciaims.
RS ol A S R deb B eSS o

empidyes amdo(xﬂngwanylmoﬁthﬂjembadtmamisustooder@_mQWQa several
advar a0 e agthe epn R e asantekSiephaRope. The
mveﬁﬁ’éﬁ‘E%\Mb@@?éé?.ﬂﬁtédr@eéﬁléﬁﬁélﬁéﬁt %eﬁﬂdelgﬁ&ﬂﬁl%wd-@é% high

f eedback resi R2 receives a feedback current
input inopedanset r esingentiorQRrovidéscan abdllkv teotaniopd curent. aEhess

inveiip RS S0 BT Loslor ekt SloeinRolfiRyBites -

max}rﬁtéa@edt’ﬁ&ﬂ%we;rncr eases to above a target supply
vol tage, the bias voltage at the base of the

transistor Qwill increase. If the voltage across the
base-col l ector junction of the transistor @ (i.e., V
BC of @) becones greater than 0.7 volts, then a
positive feedback current I1FB will flow through the
feedback resistor R2 to ground. This in turn causes
the voltage across the feedback resistor R2 to

i ncrease and consequently places a higher feedback

vol tage on the feedback (FB) pin of the SMPS 2. As a
result, the supply voltage V SUPPLY will be reduced by
the SMPS U . Conversely, if the actual supply voltage
V SUPPLY drops bel ow the predeterm ned supply voltage,
the feedback voltage at the FB pin will decrease and
the SMPS U2 will bring the actual supply voltage V
SUPPLY up to substantially the same | evel as the
predeterm ned target supply voltage VSUPPLY- The
transistor @ and the feedback resistor R2 enable the
SMPS U2 to substantially maintain the predetern ned
supply vol tage VSUPPLYThe invention can advant ageously
maxi m ze avail abl e power at the pair of output

term nals 102. The power can be represented as: P =
[VLOOP - (VBE of @)] * LOOP * (E of U2) (1)

12
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where (V BE of Q) is the voltage across the
base-em tter junction of transistor 2 and where (E of
w@2007i1300the switching efficiency of the SMPS WRCT/URM06/016439
term[VLOOP - (VBE of Q)] conprises the voltage VG
across the capacitor Cl, and is equivalent to the
CLAJsMSpI y vol tage VSUPPLYI n one enbodi nent, the

Wh Lst(g conprises a bipolar junction transistor
'?')Sa €0&h as a BC 859 transistor, available from

1. FaAmky lbdpfp}@mefﬁwébfa&@m@qr@@mmxsm@ However, it
shoul d be understood that other transistors are

coftvetipgacettragodele (il Phiaseivieg adepr veftagehbﬁmp and

descri \er interface .

and rre?ﬁé@&g?@g J%"%kg’gf%mﬁ& Q@W@g “'??éY’en'pI oyed

acamirgipedamma eam'trcgﬁmbdhﬂe Qm)obdthMO meogl_cgt@@etdbntrol module
rovi de advan es, eS| e invention

Sr ovi doti D rw@'mf %Cf Gank 4@@&12%@%%%& lasw
rovi de

P éuﬁeﬁﬁ%&%rﬁﬂ sh&iali %‘é%re%{]eﬁ'{}?%de%rﬁplx%%@ht ROpeLy:

provi des a hi |npu i npedance
provi desndn ability to control current. The invention

Stk 351 tadeled Refifer e WIREETES ol fifide € 1yand the

What i sirgpaddrre dohirol mo‘éthéJ§120)0WItﬁQM‘@feédHa%kf(¢¢§) roviding a
100), conprising: a voltage control nodul

recei vi fapdRack sjpngbia theevoltagemoniied masiie é‘tTQﬁ@h%{i enables the

Cont rof Vs eo1iR sodtic 67 E% ¥ sREnim P Mt TR
modul e predetéminad sbpplperoltagedagsgycont rol nodul e

(120) receiving a loop current |ILOOP and generating a
predeterm ned supply current |SUPPLY; and a feedback (

2. 1fRh (581805 ol HEfedd it S TP Bobimines
supglg edbraoklis(de 19 sybstentifiliyfixaedf eedback signal to the

vol tage control nodule (1 10) that enables the voltage
control nodule (1 10). to substantially maintain the

3. pr ¢H§%@|§%6}?§0§/§Pmté(ﬁé(éé g ch@Hﬁpi—\thé’rem tF@eprBHétermlned

| oop power interface of claim’l, wherein
supply stgest ksurred isvarying. cur rent | SUPPLY is subst antl aI ly
fixed.

4, The bus loop power interface (100) of claim 1, with the impedance control
module (120) regulating electrical impedance in the bus loop power interface (100).

5. The bus loop power interface (100) of claim 1, with the impedance control

module (120) further comprising an impedance control line (106), with the
impedance control line (106) being configured to control the predetermined supply

current lsyppLy and control an electrical impedance of the impedance control
module (120).

6. The bus loop power interface (100) of claim 1, with the bus loop power
interface (100) further comprising:
a pair of input terminals (101); and

“a pair of output terminals (102);
13
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3. The bus | oop power interface (100) of claim 1,
wherein the predeterm ned supply current |SUPPLY is

we 200yi180917 4 . The bus | oop power interface (10B0T/052006/016439

7.
mod

8.
mod

9.

com

10.

claiml1, with the inpedance control nodule (120)
regul ating electrical inpedance in the bus |oop power
i rwhercin the inggdanse coingobodulsofi 200 vieeeives thef laop qUIBDS ILoop

of clai o WM t 1 npe ont dul.e (120

Fur t hor B HBF 1T e B AR A8 2h ad S By (e 5Btrol moduie
Wit h t he 10pestaietadtt thel pdit @@odtﬁaﬁﬁenbmmg(um)f i gur ed

to control the predeterm ned supply current | SUPPLY

and control an electrical inpedance of the inpedance

; : I '
( 1005 Bl TR{EbGwr Filhiace, 100y Bt B © WD IoneDp BohtoP
aleq) 10ufurthrer coonpisirygy agwiteh padde pbwenpupplydSMPGY ..

(101); and a pair of output termi nals (102); wherein
t he i npedance control nodule (120) receives the | oop

Urihe Bls IdddbSvEF Prefate 61‘0|9be ERE N &lith ﬁéq%%*)speéﬁﬁce control

C
wherein the voltage control "nodule ( 1 10)
glen(1@6) Buthes comprisdng: of output terminals (102). 7.

{ i c{iBot SRR BN Eeifibh i B6Cehg dhe fonrt RlrShidied o1 ng
a aopEmMmpRIansiodrl iapIeymnalP&irodd thé currBat RieislLiMe resistor

power interface (100) of claiml, with the inpedance
control Rrodul e (120) further conprising: a current

art DARSRELEEbRSEH e B L it roc@Rling e ficp Sdhont oo,
cur r ent witie dseioutpuit béissopang Ur aoatreliing a@ infpeaisade by

t he op- U and receiving the | oop current |IL )

w th L e Barsietep e apesip CoranamRmi G fespedetermined
irrpedanf@p ekl stic of the transistor Q and

control Il r%gﬂt He F|c1)treé\\'g%‘ti“\((er m ned supply current | SUPPLY-

9. The bus | oop power interface (100) of claim?7 ,

ke PUS o GEBARR]rtertaqe g T B blan "% wibbe RS (119

pesifgack resistor R2 connected between the transistor
@ and ground, with .
a transistor Q that is biased by the loop voltage V| oop; and

a feedback resistor R, connected between the transistor Q, and ground, with
- the feedback resistor R; receiving a feedback current I from the
transistor Q,, wherein a feedback voltage Vg across the feedback
resistor R; is received by a feedback input FB of the SMPS Us.

A bus loop power interféce (100), comprising:

a switch mode power supply (SMPS) U, receiving a loop voltage Vioop and
generating a predetermined supply voltage VsuppLy;

a current measuring resistor R¢ receiving a loop current | oop; ,

an op-amp U, including input terminals across the current measuring resistor
Rq; |

a transistor Q; biased by the op-amp U;, with the transistor Q; receiving the
loop current I oop and generating a predetermined supply current

IsuppLy, with the output of the op-amp U4 controlling an impedance
14
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t he feedback resistor R2 receiving a feedback current

IF fromthe transistor @, wherein a feedback vol tage
w/20021301Dss the feedback resistor R2 is recei REDUB006016439

f eedback input FB of the SMPS U . 10. A bus Ioop power

interface (100), conprising: a switch node

suppl y qren@spristic ebihei transistar Co@ndvesinteadin h@cp:nedaifmmmed

generatin term ned supply voltage V SUPPLY; a

current® uﬁ%’&éﬁ %%G'F‘é?f-’étor Ri receiving a |l oop current

| LEEBhsietor@®s ¢aupléd ta the SMPSUL, nmﬂh theetrasistar @cheing biased
the current nmeasuring resistor R; a transistor Qi

bi ased Myt hleHQOBWDH%e Mioorii@™ the transistor QL
r eg Eé%’ A28k rESs o‘?‘?@ OB %&%Bgﬂgt ?ﬁ’g@ft %E‘%na ground, with

erm ne y curren e out
of t he thp-faaq!barhk esistooR} revgivdang a feedback current IF from the

d h t t t
Cont o aTRoR oo ubRtaiE ARt AEe 1Ty afTosh Hipiseback
a transjcsispr RLisceeBhved byoa té’&jb%l&l?%m F%fhaéS@PLs Cnéand

transi stor (2 being bi asedn% he | oop voltage
and a fwbdmmevenssmrcaza tmef@edba@@t%%tﬁr Ragnable the

reeorvi ies PedasdbRUBlnbineehinsRPRSErRY Sdy Wiage

@, wheygiR @ feedback voltage VFB across the feedback
resistor R2 is received by a feedback i nput FB of the
SMPS U2 and vvherei n the transistor @ and the feedback

. :rgfh ‘Oﬁg Ic?%’espr éde %&%eﬁ@@% uppfa tageébgﬂﬂé)a_r%detﬂmmed

supd[tneubaat Isoapy Eoswhstamtiadiyfixed. ( 100) of claim 10,
wherein the predeterm ned supply current |SUPPLY is
substantially fixed. 12. The bus | oop power interface

12. (19Q3 ok llcgéurgt%wéf)nntmﬁéeegbd)wfz%ﬁdﬁi IHBrBRMhE YBHY¥termined

current S varyi bus | oop power
supplycarreatkugsl9® varyingl ai m 10 with the SMPS U2

conprising a voltage control rmodul e ( 110). 14. The

bus | oop power interface (100) of claim 10, with the

13. CUTHEBUSIBSS pbivBBinterface (100) of claim 10, with the SMPS U,

comprising a voltage control module (110).

14.  The bus loop power interface (100) of claim 10, with the current measuring
resistor R4, the op-amp U4, and the transistor Q; comprising an impedance control
module (120).

15.  The bus loop power interface (100) of claim 10, with the transistor Q; and
the feedback resistor R, comprising a feedback (115).

16.  The bus loop power interface (100) of claim 10, with the current measuring

resistor Ry, the op-amp Uj, and the transistor Q4 regulating electrical impedance in

the bus loop power interface (100).

15



10

15

20

25

30 .

resistor Rl, the op-anp Ul, and the transistor QL
conprising an inpedance control nodule (120). 15. The
whe®7hisop? power interface (100) of claim 10, weTUS106/016439
transi stor @ and the feedback resistor R2 conprising
a feedback (1 15). 16. The bus | oop power interface
17. ( 10w bus lagpepewanintarface (106) eficiaint! Onﬁamﬁnqq:@nr&ngaar

mpeGinge EopfB N s8ME SR B4foldhe PREUTEHERY supply
curre(nl' 0Qppd7and benths) ainl glegtripaiveipadanecfaidiee (hpSdamde coretioh
further conprising an i npedance control line (106)
m0d5l§|(ﬂ802}onf| gured to control the predeterm ned supply
current |SUPPLY and control an electrical inpedance of
t he i npedance control nodule (120). 18. The bus | oop
18. polies bus i powel infeitceof! 00) af Maim,m‘ Gurthegrcopapnising ang

moeBhncEEAT e S Shubledr 8 Bhr 4 gk g 2BRR contro
line (q@wj b@mge@bﬁf@;ueémfd &dntrol B i§ias Welthge ef fie fragsistor Ty St or
A method of controlling electrical power in a

bus Ioop power interface, the method conpri sing:

KT o BRLSNRG A TR PRI b e
metW@cﬁrﬂEnﬂgga predeterm ned supply voltage V SUPPLY
fromthe |l oop. voltage VLOOP, an ener a

priegeldngeles IC@begw?r trapt @rﬁfnatrsmﬁ%mﬂomﬁuﬁ bt doop voltage
pr edet e(/ %osé{péjlo%gcéﬂrfewtlm §UPPLY being related to

a predet ined I npedance characteristic of the bus -

| oggnegratieg aipredefeanined2guppiyvoliageVduely fbai thellopp wotthge
t he nethod maxim zing the electrical power avail able

to t he BLROP) 88?: power interface. 2 1. The nmethod of

cl gémarbfing W 5r€déﬂéﬁni@d“él@bﬁi?éhﬂbﬁt Rbpd Pewith g5 biféaféltermmed

power avarlable to the bu ower interface wh
mai nt ai sUPRY sugebklsarr v AEing rlala}ad |t¢:rpezfadet@m®ezizlmm¢@nce

met hod glg?r%%%\@lé%fth\@ Bus o%% ;58:‘\/5& Hte ' m zing the

electri

20. The method of claim 19, with the method maximizing the electrical power
available to the bus loop power interface. .

21.  The method of claim 19, with the method maximizing the electrical power
available to the bus loop power interface while maintaining a substantially high
impedance. '

, N
22. The method of claim 19, with the method maximizing the electrical power

‘available to the bus loop power interface by maximizing the predetermined supply

voltage Vsyppry and the predetermined supply current IsyppLy.

23.  The method of claim 19, further comprising regulating the predetermined

- supply current IsuppLy to generate a communication signal.
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avai l able to the bus | oop power interface by
maxi m zing the predeterm ned supply voltage V SUPPLY
wa@pa7ibm®1pr edet er mi ned supply current | SUPPLY-PCBUSZh&016439
met hod of claim 19, further conprising regulating the
predeterm ned supply current | SUPPLY to generate a
24. cdamemettatd oficlaing (@) fulther tomprisingod of cl aim 19,

further conprisjin Vi n an |rrpedance contr ol
|ﬁﬁ‘€ﬁ“"“g n‘@&%& nfrﬁie %t mined supply current
BF&I@% r@Beie'FMﬁéMﬂiﬁW@uﬁéﬁ”Q&: { BRY&d oA%he The
method Igem19 with the bus Iogp%O\/ver i nterface
conpri smngdaace/@mf&@enwnt rol nodul e receiving a | oop
voltage V LOO P and generating a predeterm ned supply
vol tage VSUPPLY; an inpedance control nodul e coupl ed

25. t THwettdd 60cainon O with tiwsibLe Joop pdwvehmterfqmjmmpnsmg:
control modul e receiving a | ooEP ren | LOOP . a

geéherliagengprirgl nerritle reraidng SUBRP Y OHASS dheor @wﬁ@éveraé'ﬁaa
a feedgﬁéﬁefe‘?r%me‘bds tl ?ﬁlarg)d FxYF%'L\F age control nodul e
0 u

and t hée 1 npedance c W th the feedback
prayvimpetanzef cadiivh rodsiegoalpled to e voltagegeondmimedule, with
nodul e abl es t 0 tage cont rol_ nodu

h
Cubst arhPAMPSIARYe e o HEt B BT Pie 2iapPealsry Yisor and
vol t ageydhephiiiid- 2 p r@@eteﬂfh?]e@l%dm efirréhidk jRe2p angher ei n

the pr edet erm ned supply current” | SUPPLY is
s ubfaeativaick (coypladkaiwesn theteliags roatrefmedup@nzbthe impedance

wherein_th re Ay Y,
e e B R GHAL L e RBRL pBifl SEUEEI sl o tne
| npedangsitageriomilol Muduleettat ehbblesthamoitage goatrol module to
i npedance control line, with the inpedance c ntrg}
line besukptamially gorintain e BrRdeFTHING ﬁHBB'éltV 1RORSUPPLY-
supply current |1 SUPPLY and control an electrical
i npedance of the inpedance control nodule. 29. The
26. n'ETHT@ChGImOdI bfclaird 25, wihereih lilee poddetgenicedtsupplyncudterd IsuppLy is
yger conprising a switch node power supply (SMPS)
subsu;_nt y '?‘ﬁ met hod of claim25, with the inpedance
control nodule further conprising: a current neasuring
resistor R receiving the | oop current |LOOP;
27. The method of claim 25, wherein the predetermined supply current lsyppry is

varying.

28.  The method of claim 25, with the impedance control module further
comprising an impedance control line, with the impedance control line being
configured to control the predetermined supply current IsuppLy @nd control an

electrical impedance of the impedance control module.

29. The method of claim 25, with the voltage control module further cbmprising a

switch mode power supply (SMPS) U,.
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an op-anmp U including input term nals across the
current neasuring resistor R-I ; and a transistor QL
wh@sashoby t he op-anp Ul and receiving the | 0oOPCT/UR20061016439
I LOOP, with the output of the op-anmp U controlling an
i npedance characteristic of the transistor QL and
30. cdrntermethanpoftdlainpREdeite tie imepedanss gordia eedule Suthm@ry-
coms'l' .The method of claim25, wth the feedback further
RIGRFi sing: a transistor @ that is biased by the | oop

VQ g@aent Ind&Edtingrdistol RE eldking @ise Riopr curRert dyjgct ed

between the transistor 2 and ground, with the , .

f erderern Ws ingleding inrut derningls-aqrass i kutseRtraR@sYing resistor
5 fromttrg.tah?nsi stor @2, wherein a feedback voltage VFB

across the Teedback resistor Ris received by a

f ectthasistor QpWiasd bf thdep SRS UJ2and receiving the loop current | oor,

with the output of the op-amp U, controlling an impedance
characteristic of the transistor Q; and controlling the predetermined
supply current IsuppLy.

10
31. The method of claim 25, with the feedback further comprising:

a transistor Q. that is biased by the loop voltage Vioop; and
a feedback resistor R, connected between the transistor Q; and ground, with
the feedback resistor R, receiving a feedback current |z from the
15 transistor Q,, wherein a feedback voltage Vgg across the feedback
resistor R, is received by a feedback input FB of the SMPS U..
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