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Background of the Invention 5 1. Field of the Invention The present

invention relates to a bus | oop power interface, and nore
parti cul ar P 200741390135 | oop power interface and net hod FolUSHR06/016439
i nstrumentation bus. 2. Statenent of the Problem 10Fl owreters are

used to nmeasure the ma I |

characteristics of fl oﬁ”é %E’?‘%@Y‘éﬁmﬁf‘&ﬁéﬁ%@?&% can
conprise liquids, gases, conbined |iquids and gases sol i ds suspended
in liquids, and liquids incl a pended solids. For
exanple, flowreters are mﬁdé¥ 'ﬁé@&"éﬁéﬁﬁ% 0Broductlon and
refining of petrol eum and petroleun1products. A flowreter 15 can be

used to determ ne well Eroduction by neasuring a flowrate (Le., by
measuPi ngdl- oFiplsaf the bvertiedugh the flowneter), and can even be used to

determne the thelglisit i arWe‘ﬁBBﬁtréIQfé% Bfa bi08F podinidifatia] shamRGEENt S

of a fl ow process contr ol ustr aut onmti on
settings paaticulasly, twop bue doommwmmemd wosthod fonareistrumestatientbuso
vari ous devi ces, such as sensor devices 20 and ot her instrunent

devi ces. The bus oop is coomonly used to deliver electrical power to
t he variqysSﬁmmeﬂedﬂhmEhﬁuﬁant or sensor devi ces. In addition, the

bus | gop is al oco used to co ni cat dat hto from
Dhe 4BoR o1 ° or Hen SR Ate e BanSaar Sromass Sk Thik ooy Ao
to a rmstc%rafi%/ﬁs%s bhﬂéwmgrin@tbﬂwsd T HeSWIRG AfhteiAS tah @ahnpﬁgewgrmayer
the bus and that can perform 25 conmuni cations over the

mast er d&AsEs eubinesH Hawideand gasandolds preRangdadim fauidatand liquids
cal | br atii05aiAg §a8bdghd SEESANR SHRE. Fof Sciifle STORABIEANArd ARl IRAY i

devi ces. eV| CE can so receli ve data fromthe sensor an
i nst r umeribe wellipcedyction @nddefigng ¢é petrelegan anshpefeaieym dupd umtat Adlevaaetar

measyge I Wre
bus: 3op 2Nt BRRIIHRE HenPEbAucibh by riasing 2 AR YaeTio By U °
mast er demémriﬁgmaasmﬁmmahmgh liiee fiovwmetsr)) ahd canl &vepl }Ba emdsmrdeiermlne

I nst 3-9, t 6. Th d 2
pass. d giRarSRBIRRIRPCRTS! LI 914 B SomRafeRE A BV LLch as to

noni toring angh ﬁ@ﬁxyrmbc@saddrmﬁsormansﬁémbmatlameemgéeébd@}u qoP i S
connected to an electrical power WD 2007/130017PCT/ US2006/ 016439

source arosipogniatien bryds Pﬁ%FO pRIMISCL I RroUR EleviRES WY B ICNSGHFeYIces
The ppst ea(nddcﬁHé ﬁst%]lrhéﬁﬂ idas, pfﬁ?é’bﬁje.el%oﬁ 'lseéérflhﬁﬁly RS deidér digctrical

current limte tage limted, dand power [imted _
power {0 the various attached instrument or sensor devices. In addition, the bus
loop is also commonly used fo 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

25 communications over the bus. The master device can send commands and/or
programming, data, calibrations and other setiings, 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.

30 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, énd 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 o an electrical power
1



The bus loop 1 can conprise a FIELDBUS bus | oop, for exanple. The
term5 FIELDBUS refers to a two-wire instrunmentati on bus standard
that is ty&i cal ll’)‘i% used to connect together nultiple instrunents and

i s furtherWVOBHHP¥IBf being used to provide digital confftMVRALHYHS?

between instrunents. Alternatively, the bus loop 1 can conprise other

b , h P | BUS, | HART 4- 20 l. 4 FLG 2 sh
o oo AP oA PR s oL pRuRE Sverns P iR s BH6. e wesBh 1"
connect edeviee Chigpieaily prwkics.elddidea) piowver &tdt ibosrrate ihtd3 voifgjeUittited,

vol t age reaul ator, 8 and aload 9 in series with the voltage regul.ator
8. The vaNPRg¥erdgledt or 8 maintains a constant voltage level to the

| oad 9. Howevehe Hulilgop! cah cBirpriB W IEL EBUSBLS hoRdfor xBNRAE KThe it
maxi mum el ectrical power (P) provided in this prior art _arranﬁement
conpr PseSIEHBUS SRS 159 dve-ade iBpirumentdion @Srsg"gmaacﬂ drat isAypieglly 1ped ed
by the l‘?@e?ﬁr‘rgcrt eﬂﬁér)mulﬁplbcmﬁrdrﬂé%faﬁ’ﬁ‘%s E&%r%ﬁﬁéﬂ&%%ﬁﬁfg%eﬂfm

| i near regul ation has poor power transter because the voltdge

par anet epravidendigiisl conainlaichionsoeiweequrativonerts Alisrngtively) the bus loop 1

cur ront - i ealbEgs ohfhu gkt Ry I ROSTRUR, HART, 670 puiRie Mors 600
O e B o P e
oo cnenihesat o B Son15ps RikerDaiticyick Rt s alBoe sdRator 8,
the DC bupdeibhd®an seAes mtﬁ&h@vwﬁég@.@guﬁ@m.uph@oawes@mat@@
converts the resulting time-.varying signal back to a vol t age t hat

can have MaiRPESE coritarigoltaes vel tedhededd 95 or i gi nal DC bus vol t age.
As a result, H&@ve\fei‘,?ﬁig‘fp'rigr éﬁ/‘gg%\“’?égtﬁéﬁ@{ i‘lé&"dr‘égﬂg@l?s | P6& AES@Hum

However, the drawback L SMPS deviCe Is that MPS devi ce
t ypi cal | plackicahpbwear (Mpuovides idtiicpriorart acargansentconpiisesithe aotput

CEE Bl i Bk eARIBE ) ERADS Mol idn I oA i 80
pass ovethathisesd tiis kinopof linediuegalagionfhat peoBSpbwer pansfebbecduseihe ovktage
A A R N S AT
recei vi ngdaitibaohe\Wishattagd/HigeRviRsItHaa o6 atuirétt iAcrRRESEE tdRiertb NSS! ralnidly
vol tage high loop impedance.

20 One possible solution could be the use of a switch mode power supply
(SMPS). A SMPS is also referred to as a swiiched mode power supply or a
switching power supply. A SMPS generates a time varying signal from the DC bus
voltage, performé a voltage step-up conversion, and converts the resulting time-
varying sigﬁal back to a DC voltage-that can have a higher voltage level than the

25 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 -

30 enable communication signals to pass over the bus loop 1.

Summary of the Solution

Abus 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 Vioor and generating a predetermined supply voltage
2



WO 2007/ 130017PCT/ US2006/ 016439 VSUPPLY an i npedance control nodul e
coupled to the voltage control nodule, with the inpedance contr ol
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supply cur FOROTRMBA Y, and a feedback coupl ed bet ween ¥GHEURAI6(AeE0
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op-anp U control's an ance c ara SrT St e Cof ransi
QL and c¢BMRS)dJs rleeelpmohatoepmoﬁagb ymlandcgeneeaﬂmg SPpRdetermined bugmfy

Ioop ower .interface fur a t st or coupled to the
svre 18- Veadk Vaurere b b loob ik ByRes ek podhresn A SUleRE | The
bus | 0op ripsedeKing HeSIEtoREE résuiving b 1@@muﬁr§m%apf Ql@dﬁ%kp U‘?%‘Icﬁdd?:ﬁg Rbut
connect ed betvveen the transistor 2 and, ground. The feedback reS| stor

R2 recei J@NBRIB@cressdba SKIMent meAsUng repisiart e pe AEansisier @pbiaged b

f eedback ¢ a
t oedback o ohEUr, TRETHRCS Q/AREAREK tHiRB calrelfll Lok ARf qerifenaa %

resi stor afeanined sheplgveBetblstrLs ubke auiplhpf thermammth qomérols an

glr gg?rglega%ﬂgﬁlaﬁééocﬁlﬁac\ﬁghétﬁg& tNéHgﬁ&xftor?t ergﬁdg%gtr% tggrbtr r?étlalgﬁ'ged supply

poOWeTt ower | FOVI
accor di ngutrentlgyeisao dherbos Icnn‘p ]:tdrmarumteeface ﬁJﬁheTbempBBM)d tmnmstdr@;s

receivin eIe ri,ca om an. us at aI
vol t age Iﬁggﬂweéwﬁ\@ép%&trﬁgﬁlﬁ F'ﬁzocﬁ’ ‘fﬂjt@g& éPﬁ‘i’ ned
supply vmhteatgs wa&dPBMr fmamdewanhmmmidea@efe&um regatordR esrticcha a
predet erm ned supp curr Isupzjg_l th thﬁgpredeterm ned supply
current beemnﬁhsér%@'w ¢ 800 Eady Tedeadha gSSifs dudReRVeDa
char agt e"féédﬂa%k %UrrEHﬂF?#b?n {%W Qﬁ NAGEE@SRK VORBESCUR: across thd one
aspect of the bus %povver I nterface, the predeterm ned sup ﬁg:_‘y

G} e

current Tergbrclk ress’@u israceiverpyra feedback input FB of the SMPS Us.
transistor Q, and the feedback resistor R, enable the SMPS U, to substantially

maintain the predetermined supply voltage VsuppLy.
A method of confrolling electrical power in a bus loop power interface is
25 provided according to an embodiment of the invention, The method comprises
receiving electrical power from an instrumentation bus at a loop voltage Vioop and
at a loop current | oop, generating a predetermined supply voltage VsypprLy from the
loop voltage Vioop, and generating a predetermined supply current lsuppiy, with the
predetermined supply current IsuppLy being related to a predetermined imbedance
30 cﬁaracteristic of the bus loop power interface.
| ASPECTS
In one aspect of the bus loop power interface, the predetermined supply

current lsyppLy is substantially fixed.



WO 2007/ 130017PCT/ US2006/ 016439 I n anot her aspect of the bus
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varyi ng. et anot her aspect of the bus | oop power
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| npedance in the bus | oop power interface. 5In yet another aspect of
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term nal s. _ ther aspect of the bus |oop power

i nt er f acédine bieingvasinfigyreddermons! the predrieeningd shpplycoment kesrLa apdicootiol
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| oop pogg1 @%@g@ié@%’@ﬁg %r?lﬁg'aﬁce:%arlcc%n%bﬁrf)%ggﬁé further conprises
a current neasuyetranotiesisspect éflthe dasioaprpwérdniegape cthebestiodpppweran

op-a Ul .including input. term nal.s across the current asuyrin

oo 3B or Teecs sy pORBlises Palt o el IEPaT 4 Enf A R or AL g et

recei vi nGyHeginlthe imgeddrratcodtiol kothle ratéited the lotp Rutrentl ddpdfram tigap UL

control ling an inpedance char ﬁcterl stic of the transistor Ql%and_

cont r ol | iifR}itierENIpRiE ABE SYHRTRBAENS YBiRge eental modulg spiopneRted dp thi Beik of

aspect ofq {8 tdHinal@OP power interface, the feedback --- conprises a

transistor ‘2 that 1s biased by the-loop voltage VLOOP and a feedback

resistor R2 ¢ Haspee e bug | BQViRT | aae Heyonage GPRTOt he
snyeiansih hofithe bus e oterfgae. the ol ol

f eedhack ' A |F fromthe
tr andst gpofde FEHIEF EOMpied 8 SRUEh Wbt SERENARBIIANIES ™, . iback
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In yet a

f. the b ' f .
compr 1 sedTantbFEBE SrRtisty 5.t R Be R eslsi Tt B Snirife TP pifent
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op- a 111, and the, transjstor conprise an i ance control
ngdm”g_ 1, and a transistor Q4 biased b?the oprr-%mp 61 and rgga?\ﬂng %he loop current

20 loop, with the output of the op-amp U4 controlling an impedance characteristic of
the transistor Qs and controlling the predetermined supply current lsyppry.
In yet another aspect of the bus loop power interface, the feedback
-~ comprises é transistor Q; that is biased by the-loop voltage Vioop and a feedback
resistor Ry connected between the transistor Q, and ground, with the feedback

25 resistor R; receiving a feedback current Ir from the transistor Qz, wherein a .
feedback voltage Vrs 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 module. ,

30 In yet another aspect of the bus loop power interface, the current measuring
resistor R4, the op-amp U4, and the transistor Q¢ comprise an impedance control
modﬁle.

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

the feedback resistor R; comprise a feedback.
4



In yet anot her aspect of the bus |oop power interface, the transistor
@ and the feedback resistor R2 conprise a feedback. WO

2007/ 130017PCT/ US2006/ 016439 I'n yet another aspect of the bus
| oop power WOHHPUE, the current nmeasuring resistor RECHHEIGHIHD
U, and the transistor Q regulate electrical inpedance in the bus

| oop power Intﬁg&%f‘other As@e&e&ftﬁg%pgﬁ ﬁﬂﬂf rnt%frfabaeth@tﬁlrﬂe‘ﬁf’ﬁte@@tﬁmg

i nterface, the urther conprises an
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i mpedance contr | i ne _caqupled.to the op- .Ul 0w th

| mpedancanedAEs Birtier EmpdRe S0 RedRE Tl SE I setoutis Ll e of
t he trangredéteriined supplP/ duﬁeﬂﬂ%uﬁ’p'ipéﬁ@ cohtrélzm stetthiod!, impeanss bioie
maxi m zes the electrical power available to the bus | oop power

i nt er f acdmpedance contjohmadéiener aspect of the method, the method
maxi mzes the gl @Féﬁdtﬁé’r‘asﬁ;% BESf the b@g%d;ﬁﬁ%@eﬁ.ﬁtértéeeb% HL%Q@O;@QM@&:‘

I nterface while malntal ni a substantially high inpedance. In
yet anot hreherfasewheofcomasmancmpedmemntr@ahnﬁmuﬁl%@ theoreaeptli cal

P oveapsy HitrttedmbRubi Cuffivdl RGP BRYonRBIEE B CEnhY B TR dblof e

prede erm ne age supa e pre efermn
current !tﬁlﬂ%l%ltdeZOln yet anot her aspect of the nmet hod, the nethod

further conprises re uIa I.nhg the predet PPLY
to generate al%BHﬁﬁﬁg 6@9%‘3%&@ Y& glfrﬁgé)soaspe {tm%]tﬁohk"%p

net hod, tah,g“@mw@qjg‘wgbep pwt@rintsﬁacg ecei VI ng an i npedance control

I nput and generat i n% theqp eter 8& current tl‘lsuPP ased
on the i npedai@nelhgf pepeqt ﬁg e mg Oﬁi HE?X'%%C & seqiiigal power
met h% RRIAE 16 GRPOROMBD ;Jowe@trtteﬁscecwm hiaffiaifingCh asQak@my Hgh
nodul e recelving a | oop voltage Wop and generating a predeterm ned

supply vdtmpégénﬁﬁsuppty, an i npedance control nodul e.Coupled to the
voltage conir gy ygp \Seré(gﬁtelat% o HRAOANAE rficibd AlaxiRREL thd BElikNO 2

| oop current erating a predetermned supp y current
| suppd, gooiver afvewfdadxkthe bus loop power interface by maximizing the predetermined
supply voltage VsuppLy and the predetermined supply current lsuppLy.
20 In yet another aspect of the method, the method further combrises regulating
the predetermined supply current lsuppLy 10 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.
25 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 Vsuppiy, an impedance control module coupled to the
voltage centrol module, with the impedance control module receiving a loop current
lLoor and generating a predetermined supply current lsuprLy, and a feedback
30 coupied between the voltage control module and the impedance control module,
with the feedback providing a feedback signal to the voltage control module that

enables the voitage control module to substantially maintain the. predetermined

supply voitage VsupeLy-



30 coupl ed between the voltage control nodul e and the inpedance
control nodule, with the feedback providing a feedback signal to the

vol tage control nodul e that enables the voltage control_ nodule to
subst ant i aYPA2WEPMHAI n the. predeternined supply vol t agdNE3Rs046439
In yet anot her aspect of the nethod, the predeterm ned supply current

" SUPPLY is su | Y. fl ' I . f. the
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control 1ine UFRATNT spreetonhe mibodithe RipdRmivey sierdd cutism o
current lg@pRlyvanthgontrol an electrical inpedance of the inpedance
cont rgl nodul e. t anot her aspect of the nethod, the

|
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i npedance control nodule further conprises a current neasurin
resi st or, CRNfigwedity cagirelibe prsieterminethsupnly ewrenidsuwprvaans eantichahudi ng

i nput terym : %t Sin ' nesistor RlL, and a
transi stc?!g%?t!%fagée ;?E?ﬁ}éggﬁpé amc%ﬁ%ﬁﬁgfrﬁg@g?w ng the | oop current
"LOOP, with theydiammiibgneaspett aftthe opibog) thd voltage cdritioh ghaaiule impthdance
charggterjisti.c of transi stor a rolling the predeterm ned
suppﬁg c&Pﬁ‘i’HFe%LﬁWﬁ.m epowerl%%ag{@iﬂlggﬂg?. aspect of the nethod,

t he feedback fnyétheiotihargypeses the iathsd, 3he imsEddrivatcongrobimagelé fasthémhe
| oop voltage \hoop and,a feedback, resjstor, R2 Eggnect ed .between the

transi st GPTEPISEHE YTEHh ISR TSR ulsLER! P Cyentiaoe @ Mng
a f eedbagyruy i2flidin in‘bpglég(g@h'%lé A&B84 HePburkdht MRUARY regsiét@?ﬁ?,% a

vol tage Vps across the ack resistor R2 is received by a feedback

i nput - FBYIENSisins Bpgsesbby thesen-ppi Unard reoslving i lne crrent liocshwith the
Lo 4 MEALPUR SRSERU I PRt gl B aidel o
t he bus kodgontrolling tike Peddtermives! supplscurom lgewer | nterface according
to an embodi nﬁ”&etognort#e% ais?)\éc n&fitﬁé] method, the feedback further comprises a
transistor Q; that is biased by the loop voltage Vioor and a feedback resistor R
connected between the transistor Qz and ground, with the feedback resistor Rz
20 receiving a feedback current I from the transistor Qz, wherein a feedback voltage
Ve across the feedback resistor R; is received by a feedback input FB of the
SMPS U..
| lﬁescription.of the Drawings
FIG. 1 shows a two-wire bus loop according to the prior art.
25 FIG. 2 shows a prior art power regulation scheme for a prior art 5us 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 Ioob bower interface according to an embodiment of

30 the invention.

‘ _ Detailed Description of the Invention
FIGS. 34 and the fp[lowing description depict spéciﬂc examples to teach

those skilled in the art how to make and use the best mode of the invention. For
6



FIG 4 shows the bus | oop power interface according to an enbodi nent
of 30 the invention. Detailed Description of the Invention

FIGS. 3-4 and the foll ow ng description depict specific exanples to
teach t hos®OTPU7in the art how to make and use t he Bf¥YS2AFPLc3e
the invention. For the purpose of teaching inventive principles, sone
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modul e 1 igqmmp;%tbpepa RN dErRSibReRer 1Y ekl edoRehdr bRk bLsPUL
I'Q d to be b | oop 1 d

termnals 101 configure coupled to an bus p.1l and a pair of
out put t devicesibre cotenpigied andare withia tae aperalot bedeserigliinon and gigims.

Do BTEn | SO the Bub TociPndbs AR 106 o JIREL B0RE AR R iR fo. D

recei ves the.loop Curre romthe 1 nput term na
vol t age dopedayicerandtrobmbiiOlel 820; and edeedbaak 11ecquied bétwaengbe voltage

termnals, 102. e s | .power interface 100 | Ves | 00

vol t age m&gm%ﬂ?ﬂﬂH@pffﬁﬁﬁg&“@%ﬂﬂ&g@ﬂi@ﬁmgg@eﬁﬂgﬁﬁw SE&)E’P{}’ R?g‘fe{age
VsuppLy @iteffie 000 Piétudesranpainbiing@derrhinaRdid 1t dapifigutstiiodie duupiddtaan
power interfabe 100 receives a |loop current |Loop fromthe bus and

pr ovi des bis jrapdbeed @ RAlgoiRipilfernipalen02 conppyredip berouplRd,iq @ sensor

termppal g t devidd fal¥g hbPafovnNtTHe!impReLh&e dditrdhedduie$20 he
pr eggt er mrne ”?SSm §V'vof€?a e VsUg%ﬁY frolrrl;lﬁt%he | 00 \r/ol tage \ hoop. The

vol t age cenaivas! theders eurtar licve figgethednpuli teaninalsdd Taywkihesiaiipog corips)
in sone | S | hXn O

control TR Tl sonhRBiR BihY pif of BEBuCErNRRRE 8o PTio B SR Adler
conpri se irtedaceetd0 moeivessta pbEvoltage Mgerifrons theebusvbod prosvides. a

Al ternative the,s I ol tgge Vs L CORDI, | a A

et uds e SUB Valtded Teg At SubRE P a L 622 yreditibh, 30E
2007£43004< Riop pésiddranteliEed 390 receivesTh®opuiptent yigbs dom Meunplandcan be
| ess than the | oop vol tage VL?D. The supply volt VSUPPL\_{ an be
greater PHAMAGS2 e%{%te_ma h 8UPRIY SuTelageL tt OUHIE (TS 1981 ¢ age
VSUPPLY can bgngiofladd E6i5trdl maile/ 1 1 ptiidls the predetermined supply voltage

VsuppLy from the joop voltage Vioop. The vo_[tage control module 110 includes a

switch mode power supply (SMPS) in some embodiments. The supply voliage

30  Vsyppry of the voltage control ﬁodule 110 (and of the bus loop power interface 100)
can comprise a direct current (DC) voltage in some embodiments. Alternatively,
the supply \{oltage VsuppLy can comprise a DC voltage including a superimposed

digital communication signal.



The i npedance control nodul e 120 regul ates el ectrical inpedance in
the 5 bus | oop power interface 100. The inpedance control nodule 120
provi des the predeterm ned supply current | SUPPLY fronlthe | oo

current ' LBOBROHFRL ynply current ' SUPPLY is generated Y. Vﬁﬂﬁ”?he
| mpedance prOV|ded by the i Mpedance control nodule 120. As a result,

the i rrpedance th 0 0 f | nt ed
at a relati veI Bﬁygﬁg%%ea%gg‘_\é%@ bg%%rﬁ tﬁ%o%qgngggltﬁe?gopt ?5"3
predet er gupgfl vawm Vauppiy et be gmmbérytham odaqeal tbyhe loepivajiegaNeeor. The
control nodu 20 I S subs t nt | b%/ %ed Alternatlvely, i n ot her

enbodi rreﬁtJEP'YI"I'Q eeﬁ@t"é‘r‘frﬁ Yaring e&lppLy s  varying, such
as in embodi m‘rné%nwé@ar%ea;dn%vmauréwzoe@guaamey@@dtrrcm igpReanteirathe
conmmruni cation signal. In sone enbadi ments, the i ?ance con ro

modul 2 1Dosienn pawer inieriase ABRddhedmperaRes anf%"%@ e T%Pf%{f&a? Be
contr ol b@%ﬁ%@ﬁné&sﬁ I} CAHERCl b, ERBIHAE IddM ol RLEE TTRE SuBMpP! Y

current and C ect rical i rrpe ance of edance
control rodehdsd0 is generatath by ivapinhihedmpeaanes ptquﬁtedlb)ﬁfh@ampﬁéamﬁed

oo UL AL 29, L SPBRBH g St

conmmuni CaDDQ;anS’degnahtaIWéd at assiathvalyhighimpetienceeleeldi nent s t he

[ | f d h t
2 Sutant | al INSoms SRCRHBRSRC baPPHE ST aRE e ui BE A L PRI
fixed supphye ﬁﬁ;ﬁé@ﬁce|o%ﬁﬁ§l—ﬁ€bdu!EWQOﬁQ%dbﬁQKtIéJWD@dHWNMNEQeH'b@mbr

fromthe inpedance control mpdule 25 120 to the voltage CORtroI
modul e 1€Mb onﬂeem@é%a@@eiqrm'w%wmcarr?@éaufa@«lsyﬁaﬂ& SUGh @gdn

vol tage ¢ %He‘?’e %%&[H@Euﬁ@ﬁi% eselifeg éﬁérta?éJQ c@ﬁﬁﬁu@éatlﬁh@i@r@l

110 to su stantl Iy mai ntal n pre etermne suppgvotage
VSUPPLY. The freseihackboriiments, thﬁdmn:@daace/@wt&gj@q% ¢ incdglesian f or

exanpke, t :
ool o THBEIRIP ifigkifg 56 TAE b foqdRshrtifhe 107 BRYRSHIE | |
addi tion contrﬁil the lplrertatarahlyed tsb||eply eadbak:llsupbﬂ.ﬁaﬁthnomtrtdrhlsé eleckisabr r or
current to the vo e contro 1 erein the error current
gener at e§MB® @%E@&Itéﬁg toﬁgﬁoﬁgoﬂ@ Q]ztg)y t he vol tage control

modul e 110 t OTﬁBIImbédéhddlﬁarﬁllﬂDmhe'W&)béﬁ@e HESURPEYMEssRbddiBents tandry he

acco. anyi ng text
P they sugply currt)ant IsuppLy, sUch as in embodiments that employ electrical current to

20 generate a communication signal. Alternatively, in other embodiments the
impedance control line 106 can comprise a fixed value that generates a
substantially fixed impedance value (and therefore a substantially fixed supply
current lsuppLy)- '

The feedback 115 generates feedback from the impedance control module

25 120 to the voltage control module 110. The feedback 115 provides a feedback
signal to the voltage control module 110 that enables the voltage control module
110 1o substantially maintain the'predetermined supply voltage VsyppLy. The '
feedback 115 can include a voltage level feedback, for example, wherein the
voltage conirol module 110 uses the voltage level feedback in order to maintain the

30  supply voltage VsuepLy. In addition or alternatively, the feedback 115 can transfer
an error current to the voltage control module 11 0, wherein the error current
generates a feedback voltage that is used by the voltage control module 110 to
maintain the supply voltage VsuppLy (see FIG. 4 and the acdompa{nying text).
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WO 2007/ 130017PCT/ US2006/ 016439 The feedback 115 is used to
generate and maintain the regulated supply voltage VSUPPLY. In
addition, the feedback 115 is also used to maxim ze el ectrical power

out put by VRSS9 80n power interface 100 and t her ef orEEWHS2B0MIEIE o

maxi mum power transfer. The feedback 115 can ensure that the bus | oop

5 int el
oi nt. Even wih eairact JapyS yied BodénsefistymEinaliidh Y K8 pbpd?
povve[] i nwené@efwsgaapf ﬂamdﬂjtbaistm\fgﬁdmmhmm% dsdats rﬂw?m eleum!c%aﬂ
to the pair o t termnals a at a specific
supply caPERouiReE Byt biiBop douer iteitae ! oy aid Bisefis artie® i such
a case, hhedhum pEest t&m&ﬁe’r "ﬂhbﬂ'éé@&?&sklﬂ@ st eridurd thatied Bug Roblower
avai |l abl e 10 power. e bus | oop power interface 100 can be

used it lmtaﬁ?ce 499 frasks sa@@ﬂc glgstiicakpayver aperpfing PeintrEyasuken 81 a
HART busg,, .B@g k/guppl A{Aﬁg@g memdsqgls rmté#fawet@o HeEdcat i on

signal can |npose he su ectrlca power .
Al t er nat avalla;ble pnwebué bw@@lpvpemupledtte rﬂfaeapelr ohmputiterminals ¢01 may have

20,55 B bRl ke e S 1 S5 ARSI 7 Sty e
conmmuni cét soch aicgaelthe bus loopl pbvserrmteefabed Doeshstill hieexirhize the apaifaibler

inter@ace 100 can be used in intrinsically safe (1S) environments. An
1S enQi r AWERt can i nclude vapors, gases, |iquids, dust, etc., that

presents a fi Mae®usesdd MMnf%@édOO‘H&Wtﬁ@éﬁwﬁHﬂah u%%ﬁfembugr&uch
bus is limted in avail able current and/or voI ta it can

suppl y. asa FIEARRR.BBIHUS: AeabART Bup fHoaks P'P‘rt éIP #@ﬁ?@ appdcatigns,
maxi m ze 5aak; 'téi%ﬁfi‘nﬁu@éﬂoh'ﬁ%ﬂral BAMBE TsQ?SeHﬁ?b&é& bﬁghé’%ﬁblfeﬂeelé’éfﬁbélab' e

vol t age and t he avai ' abl e rent. achi eved whil e maintaining
a hi gh i ppweri Ajeanatively,the bbraéocrmpw@rdm@rfacﬁﬂélﬂf@@éaqwd/&ﬁorm -20

b t t 25
S A e AL obh S5 e LR R R Bl
facilit aresduaiathimociar tmgend’ratﬁ ele;henmposay! crmtmnnnnated:resrgnalcal power .
The b I terf t f t |
electr cal  polerone BehGe T W ReDooh REVE" DI (ONAR POt bus
| oop powrtringle&llyf s2G€ (1SPenvirtehates. Ahelsterﬂvﬁahméﬁtlﬁn fnt:mﬂt—za@pors gases,

mstrurrentatlon bus at a | oop, 30 volta VLOOP a | 0o urrent
'LOOP, glAWAa: dustLipy MP@%“F?E@ 'E?J‘ﬂ'b?’%’ @B@%afasﬁ%ﬁ[s?foﬁ@ he | oop

vol tage Mbfdanaish lgﬂﬂﬂééqﬁﬁva%laBTee&ﬁF@{t%hHRﬁ v%liﬂgfgé Yl #caRRuppFUPPLY.
The predetermned supply current 'SUPPLY is rel to a

pr edet er ni ned Adrpriggaeus!\Citae Bus ldpspawerdrterfaee 508 caa@pawwgrdehvered
Interf 4C@lectrical power by maximizing both the available voltage and the available current,

This is achieved while maintaining a high input impedance. The bus loop power
interface 100 will substar}tially maintain the supply voltage Vsuppiy Over various

25 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:

30 voltage Vioop and at a ioop current lLoop, generates a predetermined supply
voltage VsyppLy from tﬁe loop voltage Vioop, and generates a predetermined supply
current |su;:PLY. The predetermined supply current IsyppLy is related to a

predetermined impedance characteristic of the bus loop power interface.
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WD 2007/ 130017PCT/ US2006/ 016439 The et hod naxim zes the
el ectrical power available to the bus | oop power interface 100. The

met hod maxj m el ectrical power available to the 0 r
interface W&%ﬁﬁ:’{)@?ml ntaining a substantially high i é%@%%l%{e
met hod maxi m zes the el ectrical power available to the bus | oop power

interface 100 g&&h‘fﬂﬁh&gs Ttlﬂ.ﬁelgéﬁ"gﬁff ;ﬁﬂ?@r’b@%b%ﬁm% Yhﬁ\gﬂug B8 power

VSUPPLY and the term ned supply current
achi eved lréeréaca/\/ﬂm@@ e Thé satopp maxinvzestie a}@tjnm;lwcxwertavsﬂ@i@pi wedwar leap

' SUPPLY C S
s devi PRVeRTtERaR 198 Bffe P follS S Riboiuety ot AibeoRlbe PRE fidtng
| SUPPLY nmaximites tﬁé)etentr@ahmmehmm{lamm theclaﬂxs lmopgoyrealintefaes 7@@ bpd
can r cei ve.an.i npedan control i.npu can rate.the .

or edebor mm*zglsg%ﬁyre@%fegﬂwed Sl YoladlffsGrck A fHeigabBiniogtl , o

i nput . %ply ELffentsshpns Thig s BetielaDevaponRsrel the LDy &/olkage TeGR[bbMg
to an enbodi nent of the invention. The bus | oop power interface 100

in this SfbHRRMRMreRdsraecmEY Be £3NSiERiR QY@d?TPF%?S YaleRiPethe10, the

i npedanceggge, 5,@},”%'@9@5@\,,&@0 and the feedback 115, as previously
di scussed. he vo e control nodule 110 in this enbodi ment

i ncl udes a swirhenetbed cpovegulaia e pre(WEsyn@izsumiy pHidgialt lsupedly i order

capaghto a i ously
G Seddself orthraa CoruRufAnR el UP e e Latiieivein BB P21 )
DC vol tagenﬂrdﬂanpmtsargirmt@naratarthe pqan:@ltemnneobsumﬁg sutrbpingiphe hasegd ddC
vol t age ci.tor, inductor, and di ode conponents can be

chosen t %‘E‘Fﬁe&l%“’?ﬁS ﬁ?léB%LHtErm' ned sUpply vol tage VSUPPLY. The
i rrpedance conFrc«;.)Rll 4 sholng lﬁhel!ﬂﬂs lobp bbw\éf/r mtérmﬁerrmg afcm&nng@@ aa@nmdarrTrent
U, aresistor a age i nput t, and a t st or : e
op- anp 197 %ezngﬂﬂnudﬁ@ PYRPP PRWRT Hﬁé"ga ﬁﬁeem ‘%‘FB’P'“%“ e#&@
trangsst Qpitdde tsntRil ARRAIDY10,18e Qﬁpé&ﬁhcb’%on%ﬁnb@ﬁ!eﬁw aﬁé tﬁéafé%tlléﬁék
the loop current |Loop and the transistor QL receives the

current ﬂé@@%ﬁ@%ﬁﬁ@r@ﬁ%ﬁ?ﬁdpr edet erm ned supply current I suPPLY
The op-anp Ul %é ?3# rrfo?iufgai"?d‘fnethkrlﬁn%?%fr%ﬂ? rf'?:ﬁf $$ dfih mode
e. Vo n

resi stor R1, tage 1's generate !51 eectrlcal
current power suMpﬁMﬂS@Nzngn iriuiuotmg b+ I@pEbdonsdSi @lcbﬁz, dloa‘hé)melad;ar ed

t i trol. t t
Cnangi ng ZERE 981t 2y mievibel] BB e BieR i uiad R R R ey
t hle sour egn t:omﬂ:nlaé & DOpeHags thadfs gdrbatetr ttlﬁms iegualto(br Iteﬁs than the Téwp DC
vol tage in set_in so odi ment s ri ses the inpedance
contra Ve Vismeof T aPogioTT AU Gl HIGSE BPENeTE ran PBToen to
coupl ed b@h'b@@tl@p]@ﬁ]@téfﬂmriﬁbdsm varepehR g, gontrol a bias voltage of

t he transi stor Ql The transistor. QG can conpri se agower transi stor.

In the enbodi H%Bﬁﬂmse@&rwwpontrﬁbmpﬂdﬁswﬂarth@fnatmﬁynea 5elydes an @PeAmBCt
f
transistgy éf@%}gfﬁﬁq?a{?a a%'e ;Rﬁ‘dt ﬁ%&%ﬁ%&&r i erfle & Pﬁ% 4 om

transi st or suc transi stor, avai
| nf i B2oninthidesdhpyfitesningls aem&svtbe resigtpr Bui hbltzarlsm@sls(hiamm}cthecan

be used, os_na(}inp &, WrhEl Bk g R GRStk rPoeopdglfr(f: Ao ind e HaAkTRr

receives the loop current i oop and generates a predetermmed supply current

IsuppLy. The op-amp U1 is configured to measure the voltage across the resistor Ry,
-wherein the voltage is generated by an electrical current (i.e., Iy oop) flowing through

30 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 lmpedance of the transistor Q.
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The feedback 115 in this enbodi nent includes a transistor @ and a 10
feedback resistor R2. The transistor 2 is biased by the | oop voltage
Wop. The esistor R2 is connected between th ' ., Q@
and ground. q@?@’e?ﬂbaek resistor R2 receives a feedbawﬁﬁ(@)ﬁ&f’%
fromthe transistor Q2 A feedback voltage VFB across the feedback

[ﬁ:l ZE?LaFZSLE-pF% qt Mo Vsbﬁgg?g&ﬂgléiﬁﬁb%‘%eﬂé &Jmﬂr%%s%ﬁnﬁgjan en

I ncreases to 15 ve a tar
suppl y vcﬂonb:glempwmamf Gval tTdi@srr@edam@ ¢! dhe A€ is ceupied toothe @p-

wil | |ncr unction of
t he trans F hg %E?hé’r%@%%;ﬁ@ﬁoﬁ%%&gﬁaeg? %ﬁg%ﬁ }eérngfshan .7 volts,
then a p03| t | ﬂ‘eeftmdismﬂapmrr eorhpiiise avpbwef tramsistor.o lroihetdmebddimadbhic k

resis ound Thi n.turn uses, f he..vol across,th
f eounbon ShouhorSamtyd fouusst A iR el St LD SRR ke
f eedback séﬁhéc&@l@ctb'ﬁ fiblteeffere eaASiktor BRDSFRT) oSudhnes SHEZP 1129 tréasistor,
result, the_sup | t age VSUPPLY w |l be reduced E%jgéhe SVPS U

Conver seldyailahle %)FHB" lé.‘gf’ﬁ%ﬂ' TeeIguieR A\Caddowaygsprry vl Bangior H@V'Ce

predet er yReq @éegbud Muma%e E&ﬂaé‘@ﬁﬁ@%gcﬁtﬁioh% @hinthe FB pin will
decrease and the bri'ng the actual supply voltage VSUPPLY

1113 to substa'hef%@dlaaoméssafﬂﬂsme@ﬂlra@ttlmuqﬁ%a@ﬁasﬁtqﬂé& gk get 25
o bl ERRRRIRURRL .. THE AR T tikeely hBTp0S SARERIVIGER ThE"
supply vddaecﬂmwaﬁ@tmg is connec‘l’ektbbetweenﬁlnentransxatoad&gamﬁamemI 'y'he

t th f out t | s, 1 he
power - caretbask frisB e divens gk u ol hdsfsbidds, A (e of
u2) ( éL) 3Qe§dt%rf cR vbltﬁfe kg Béhpss shva1 f@edua&éér@]ggbcﬁmzqs $?¢é1eed3a? ag@édﬁaber
unction . o ans [ an re 0 1 S SW1TcCnhl
LTl ondSPusFE pEhS P SAL: WSt DiaAdt sUPP R 580 Uyt BRHAS8L0  he
vol t age \é%v@%rta@'ét &nﬁalga@mé e %s veﬁ!ﬁlgé &t 858! dihe frAndifter QURAN Y

vol tage VSUPPLY enbodi nent, the transistor

conpri sednaeaigyof He yqjmplasvrp&&taﬁ vesewplleagripnciienef the trensisitaty (ie.,
t t
ransi st Qf, op o‘?}?&z :I:%B{;)rﬂeé dé‘artgffg%glﬁ '}r’]g?lﬁgt éérfr’é‘gkiﬁﬁl% fe%%l'b%@k E&n‘r&ﬁ\& Ire will

However , ransi stors
cont errpl éjbattha:rughethefaedblach resistos Bo pegrountdhd’ hmamdurrpmams élnﬁdvmitmems

oo b oasTS e HnRk FESAEFRE I R SRR Eh Ao b A RIGRRH ' O
D OVFgfeg I gglt{rvlacal bﬁ?%fegdbadgﬁgn)ﬁh o?mﬁ Swgsr‘giegms arreeyu[lx;lﬂﬁ &lpp[y
Cl ot 11 cHPRGR Vaepiy wHiBe T B s SHF G SRR b e AudDely
The i nveRrpijtage V%G?s\éhp&%p@-'&eﬁm iHetpfeaéteﬁﬁmba%bpﬁwoﬁage tﬁaeeédwaakent ion .

provi des an abi to control inpedance i'nvention provides a
voltage at the FB pin will decrease and the SMPS U, will bring the actual supply

voltage Vsupery Up to substantially the same level as the predetermined target
25 supply voliage VsuppLy. The transistor Q; and the feedback resistor R; enable the
SMPS U, to substantially maintain the predetermined supply voltage Vsuppy. _
The invention can advantageously maximize available power at the bair of
output terminals 102. The power can be represented as:
P = [Vioor ~ (Ve of Q2)] * lLoop * (E of Uy) ()
30  where (Vge of Q) is the voltage across the base-emitter junction of fransistor Qz
and where (E of Up) is the switching efficiency of the SMPS U,. The term [Viooe —
(Vee of Qz)] comprises the voltage V¢4 across the capacitor Cq, and is equivalent to

the supply voltage VsuyppLy.
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maxi m zed el ectrical power. CLAIMS What is clained is: 1. A bus
| oop power interface (100), conpri sing: a voltage control

nodul e (1 tving a |l oop voltage VLOOP and 5gener af i
pr edet er m oiogﬁlg'lﬁqllf/ vol tage VSUPPLY; an i npedance conﬁ%ﬁ%ﬁ%ﬂlgw

(120) coupled to the voltage control nodule (110), with the inpedance

control nmodul ¢, bAe@inBoRFRLN e tardh@br GYIch isé§9@?paaﬂjuaem{ﬁéﬁsﬁ§o@
predet ermi ned supply current 'SUPPLY: and 10a feedback (115) coupl ed

bet ween - (BTl sticiage adRfaBh6|ransisipreayailable e Rarehildrbemicnislustsnt r ol
nodul e ( bh D H% 46l ignal to
t he vol t?}gb?:rc?\r{l‘%b WDHEFZP%}% Séta ﬁg‘?'@é‘%ﬁjgﬂé{;&{‘ %re{rgﬁg%\ggééa%ontrol
nmodul e ( Théjenpatdestdareivetily thessavpaiai thehdegariptien andictedmssuppl vy

vol tage VSUPPLY. .15, 2. The bus.| oop power .interfac 100 f claim
1O WhEr et n t nd N ded RANELNisR el TP Gre SteSidtifa o duikean Er R,
fi ngi &_m,ﬂfgﬁezdga&dmlﬁngt@ewbiiwsﬁg}gﬁmeﬁfsqﬂ)or@ér t@lwg-mérseVéTQFE: n the
pr edet er m ne sy [ curten is varying. ...The bus | 0o
Dower | nBdvRatEeos dBsSE. 1 ivartian RTAVIERS & TRUAtEs e R G oae aane
(120) reawetibA PréVi@sd & régllateRESENTER cLRebt STHURYSARI MOVREs aHigh f ace
(100). 25 5. The bus | oop power int erface@%i%%q of claiml1, wth the

i mpedanc énRW impedanage uThe ipyenfiors prevides ag e teph cuipild aee
coener o rol ) : : .
cont 19, At ghdviadt aabilfy ERASENGRAAARoe PThe HYenigh Blo@BLs

control amaxinizedrélectticalpordance of the i npedance control nodul e
(120). 30 :
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6. The bus | oop power interface (100) of claim1l, with the bus | oop
power interface (100) further conprising: a pair of input termnals

(101); and | output termnals (102); wherein't |

cont rol m@@@%&@% receives the | oop current 1LOOP fr%ﬁ@‘#@&%ﬁ%g?
termnals (101) and wherein the voltage control nodule (110) is
connect echtopide pair of output termnals (102). 5 7. The bus | oop
power interface (100) of claiml, with the voltage control nodule

(110) furWhatisedgiperddsing a switch node power supply (SMPS) U2. 8. The

bus | oop 1poweru%%@%gv%ﬁle@mg}fagé(i@gﬁid&ﬁpﬁs 1. h the i npedance control

nmodul e (120) onpri srng: current sreasuring resistor R1
recei vi ng t he a aifpge wonral mbd@eR! 1@necgiviagmm bhp ivoithgelVngpiamaiut

term pal s across the current n& S '
&

A urjng resistar a,transistor Qi
bi ased by the op- RS ORI0A A FERGRUNHGT CHEPY Jiage VewRtY LOoP, wi'th the

out put of the apimpetatbe carttdl Mddmwgm) bﬁigﬁé@wmehﬁﬁthgé ¥Bhebl Abtigleof
coptrolling the predeterm ned supply current

the transistor QL
| SUPPLY. 9. . The budl 1_dQ3p‘5'ﬂb8welmn%¢ﬁBF§ gearel renule{ 129) apvRiving @ileer ¢ he
feedback (115) compishiigsor2tal demisindt £predétdhitted Sugphpe@fertYsleiS:
| oop vol tage VLOOP; and
and
10 a feedback (115) coupled between the voltage control module (110) and the
impedance control moduie (120), with the feedback (115) providing a
- feedback signal to the voltage control module (110) that enables the
voltage control module {110) to substantially maintain the
predetermined supply voltage Vsuppry.
15
2. The bus loop power interface (100) of claim 1, wherein the predetermined

supply current lsuppLy is substantially fixed.

3. The bus loop power interface (100} of claim 1, wherein the predetermined

20  supply current lsypeLy is varying.

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).

25 & The bus loop power interface (100) of claim 1, with the impedance coﬁtrol
module (120) further comprising an impadance control line (108), with the
impedance control line (106) beiﬁg configured to conirol the predetermined supply
current lsyppLy and control an electrical impedance of the impeadance control
module (120).

30 |
8. 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



a feedback resistor R2 connected between the transistor @2 and
ground, with the feedback resistor R2 receiving a feedback current

IF fromt Lstor Qz, wherein a feedback voltage '%%i\_ e
f eedback P@g}z@?’@?b@z is received by a feedback input F %{@Ee ?\ﬁ%
U2. 25 10. A bus | oop power interface (100), conprising: a switch node

pover supply (AR tH&LiniReRINgS REnRoll REdUIY 1 23 FecalkdIRab8D E@r’ﬂ@rﬁtﬂ{%dag
a predeterm ned sugpl y vol tage VSUPPLY; a current neasuring resistor

RL receiving a | oofoRUhediuttrgrpnals 6t ) aedaperetn thadpliaes gontip aodule
termnal s across tggog?érécﬁmecf@%%é ggirb?ébt?hggerﬁiﬁe{lépﬂzz.t or 01

bi ased by the op-a 1, wwth the transisto receiving the | oop
current Loop and generating a predeterm ned supply current 'supply,

ith th - am | y 4
Char ot o1 st | Lhe Bk PRE Brertbol 1 M r it RS ARG el 1 ne
suppl y cuoradete (11BYURRPLNEr cantprisimgi 25 $witchQRode ppived stioply IBMBIERELU2, wi t h

the transistor @2 being biased by the | oop voltage VLOOP; and b5a
f eedback resistor R2 connected between the transistor @ and ground,

wi t h t he gf eedippglbut esdEpeweRiorResi( YI0)®f 2limer Raekhe ihpednderodniem
the transi Sti?ém%q\, wherein a feedback voltage VFB across the feedback

resistor mesly . 8ifhed cePpgsigedback i nput FB of the SMPS U2 and
whergpn t he ' b RAIFeAE Hleall n?gﬁfé_stsl?@r_ﬁ%eaﬁgg theodH Qlirdd Iggbl e the

10SMPS U2 to substantially “maintain the eterm ned supply vol tage

VSUPPLY. 11. The optaMp &bingudiag inpwt terminals acos}y the ceiremtrmaasuringgesisior
t he predeterm ned ﬁlq.lpp| y current |ISUPPLY is substantially fixed.
a transistor Q¢ biased by thé op-amp U, and receiving the loop current I oop,
with the output of the op-amp U, controlling an impedance
15 characteristic of the transistor Q1 and controiling the predstermined

supply current lsyppLy-

9..  The bus loop powér interface (100) of claim 7, with the feedback (115)
comprising: '
20 a transistor Q; that is biased by the loop voltage Viooe; and
a feedback resistor R; connected hetween the transistof Q2 and ground, with
- the feedback resistor R; receiving a feedback current Ig from the
fransistor Q;, wherein a feedback voltage Veg across the feedback
resistor R; is received by a feedback input FB of the SMPS U..

25
10. A bus loop power interféce {100), comprising:
a switch mode power supply (SMPS) U, receiving a loop voltage Vioop and
: generatihg a predetermined supply voltage VsuppLy;
a current measuring resistor Ry receiving a loop current loop; _
30 an op-amp U, including input termi.nals across the current measuring resistor

"~ Ry
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 U, controlling an impedance
14 .



15 12. The bus | oop power interface (100) of claim 10, wherein the
pr edet er m ned suppl y current | SUPPLY is varying. 13. The bus

| oop powerwlorb (100) of claim10, with the SI\/PS .&?ﬁ | ng
a voltage con ro t"i‘(ﬁm‘zdul e (110). 14. The bus | oop power in GQ@E&%

(100) of claim10, with the current neasuring resistor Rl, the op-anp

Ul, and the transi éﬁé}éct@ﬁsﬁcoafﬁhwangls&ﬁ QJ’Q}Rﬂé’d}ﬁﬁ)llﬁ'@%é@redEiéMh[ﬁed
(120). 25 15. The bus op power interface (100) claim10, with

the transistor %mel!%fqﬂﬁé&tﬁalﬁk resistor R2 conprising a feedback

(115). 16. The. b §6reszio%dtg@wtntg%;nh;g%%h%ﬂ@r}&fragé@ﬂ?@ &Qséc!ﬂe

current measuring i stor
regul ati ng el ect rilbathe lope daktage Viocehandus | oop power i nt erface

(100) WO 2007/ 1 7PCTf U 6/ 0

i nt er?ace (108 %&Da@%é??ﬁtféﬁzfggp?% é%%%e?q tp%gra %%?O'J %‘ggy@éﬁt
line (10?)SUtF))gL :\{g Cfg@ffeedbm rbelsmlbrﬁ{zrrebemhg aibegbac&«mr;‘m‘d I,sﬁurprpltly%
current and cqntr ec e ce of t edance
control nodul e (126§0s! °r§8’ V?’H?fg"b% d%@ﬁkﬁggiﬂe%r)ﬁ%qr?’%ﬁ: e(?%@? ‘%f
claim10, further gRmEiR] BIetdlvédBEaIFBsdARNNHRIFE bN@e(SMBS Wwoaml ed
to the op-anp Ul, with the inpedance control |ine (106) bein

configured to cont Wheren tiedeangistorge apd ﬂ'ﬂ"h@eﬂpﬁ%l'%!%?r B@%@bﬂﬁmﬁ hod
of cegtrolling el eQMF’S?P% td’%aﬁtfé!l?npéf@ ' Qﬂ@cérdwﬂbﬁ%?ﬁ@’voﬁgﬁe

met hod conprising; a volfage contro e| ving e rical
power from an inst¥eurert ati on bus at a Ioop voI tage VLOOP and at a
| oop current | LOOP:

11.  The bus loop power interface (100} of claim 10, wherein the predetermined
supply current lsuppLy is substantially fixed.

15 ,
12.  The bus loop power interface (100) of claim 10, wherein the predefermined

supply current lsuppLy is varying.

13.  The bus loop power interface (100) of claim 10, with the SMPS U;
20 comprising a voltage control module (110).

14.  The bus loop power interface (100) of ¢laim 10, with the current measuring
resistor Ry, the op-amp U4, and the transistor Q1 comprising an impedance control
module (120).

25 |
15, The bus loop power interface (100} of claim 10, with the transistor Q, and
the feedback resistor Rz comprising a feedback (115).

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

30 resistor Ry, the op-amp U4, and the transistor Q4 regulating elecirical impedance in

the bus loop power interface (100).

15



the voltage control nodul e generating a predeterm ned supply vol t age
VSUPPLY from the | oop voltage VLOOP; and 15an i npedance contr ol

nodul e generating a predeterm ned supply current |SUPPLY, with the
predet erm ned supply current | SUPPLY being related to a predeterm ned
i npedance cMAY24e¥18805t i c of the bus | oop power i nterf aeet/Usehh/ond4a9

i npedance control nodul e providing a feedback si gnal to the voltage

contr ol uIe nabl es the v r uletop. -
Subst ant | Sty P R R oo e At 25 SB P, Bf cee bisemL v, 20
20. The rrm]nh@dhrmfe o@htri]colrf:;é Q1?6Mbbh'ngtd0ﬁfgmédn ticordeol theziradetéitined aqihm% ca:c
power availa to the bus | oo nterfa thod o
P s m 10 CHTER TnieL ATEHE AT kA e Ry rePatbe B e dapofdigecoaydl | abi o
to the busnddup(iRoyer interface while maintaining a substantially
hi gh 25 i npedance. 22. The nethod of claim 19, with the nethod

maxi m Zing the electrical power available to the bus | oop power

interface1sy nupeé ﬁugm pbtwernfeﬁéeéwm)@edsawwlmnwdoﬂwsfﬁgmpw and
t he predeternj ned su 5 %%3 ent ISUPELY 30 e method of claim

19, furt h&pP gicep 1HBAEPYRIE Tod EPEc?é’P%PmW‘iEbF%dBB?@ﬁf@GPPBW

| SUPPLY tﬂnﬁgﬁg BbRgaoffdiitdicCetntr8lNa Biag Waktage cWihe transistor Q
2007/ 130017P 82086/016439 24. The net hoc? of claim 19r }urther

conprising: the inpedance control nodule receiving an inpedance

contrqp iRgut; he cdrBRAPEERicaPFtWeR In IMEYS Eihfkfadd tehe
pr edet er n&% d%a%%og?h ?ﬁrren?gaasdlgPLY based on c?h%wlgrrpedaf\%’e control

input. 5 25. The

i nterface conp? Y‘gtiaggco rﬁtﬂ,’“ let( V‘%‘H??rgia' Wﬁgmﬁag&&w%ﬁ\éeionl oop
vol tage VLOOP and geREtALrhE|d A A ANRSEENS8PR vol tage
VSUPPLY; the ithpedtage eogmhinpdile mwtleg 8 plRdEtenmined wwelngltqgage control
modul e, with the inpedariom tbeleop vitage duwbe apécei ving a | oop current

I LOOP and genefftipbsare BSRREMEIUN drBHPR biedEidrhiRd supplyRRent
15 [suppLy, With the predetermined supply current lsypeLy being related to
a predetermined impedance characteristic of the bus loop power
interface; and

the impedance control module providing a feedback signal to the voltage
control module that enables the voltage control module to
substantially maintain the predetermined supply voltage VsyppLy.
20 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
25 impedance.

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 pre'determined supply current lsuppLy.

30
23.  The method. of claim 19, further comprising regulating the predetermined
supply current lsuppLy fo generate a communication signal.

16



15 26. The nethod of claim 25, wherein the predeterm ned supply
current | SUPPLY is substantially fixed. 20 27. The nethod of clai m 25,
wherein the predeterm ned supply current 1SUPPLY is varying. 28. The
met hod of claim25, with the inpedance control nodul e further

conpri si ng we2medsence control line, with the i npedaneer/cs2odsroodssd i ne
being 25 configured to control the predeterm ned supply current

| SUPPLY and coptrol .an el ectrical i npedance of the inpedance control
modul e. 29 Tﬂée W@Emogo‘ﬁa'm ‘L?C?H’@@r GRMASI¥e vol t age control nodul e

further conprigeh@padadd dhtiPHRJIDRWRE:SHBRINInpaNERe E8ntralGnput3shd The
met hod of claim?25, with the inpedance control nodul e further

conpri sing: a berdmpadanasseantiohmodels; ganerating the pegdatergning@ sppply current
current |LOOP; - ihcl udi ng:- i nput termnal s
across the current IWE%YUQ%%S%@?@PE#%&%ébg%@g'gbpfr?ansi stor Q biased
by theSop-anp Ul and receiving the loop current ILOOP, with the

out put of the op-anp Ul controlling an i npedance characteristic of
the transistor QL and controlling the predeterm ned supply current

| SUPPLY. 10 31. The method of claim?25, with the feedback further

and 5 T eodback! B ol 18, Wit Ih s Riop Povied itbAREe KOKbAGHa, LG
ground, with the voitage control module receiving a loop voltage Vicor and generating a
10 predetermined supply voltage VsyppLy;
the impedance control module coupled to the volfage control module, with
the impedance control module receiving a loop current | oop and

generating a predetermined supply current IsuppLy.

15

26. The method of claim 25, wherein the predetermined supply current lsuppyy is
substantially fixed.

20 27. The method of claim 25, wherein the predetermined supply current lsuppyy 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

25 configured to control the predetermined supply current IsuppLy and control an
electrical impedance of the impedance control module.

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

switch mode power supply (SMPS) U..
30
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t he feedback resistor R2 receiving a feedback current IF fromthe
15transi stor @, wherein a feedback voltage VEB across the feedback

resistor R2 is received by a feedback i nput FB of the S
WO 2007/130017 y P P“(/:I?r%s%osmlassa

30. The method of claim 25, with the impedance control module further
comprising:
a current measuring resistor Ry receiving the loop current lLoor;
an op-amp U including input terminals across the current measuring resistor
5 R4; and
a transistor Q4 biased by the op-amp' U; and receiving the loop current | oop,
with the output of the op-amp U4 confrolling an impedance
characteristic of the transistor Q; and controllihg the predetermined
supply current Isuppry.
10
31.  The method of claim 25, with the feedback further comprising:
a fransistor Q2 that is biased by the loop voltage V| oop; and
a feedback resistor Rz connected between the transistor Q2 and ground, with
the feedback resistor Ry receiving a feedback current I from the
15 transisior Qz, whe‘rein‘ a feedback voltage Vrg across the feedback
resistor Ry is received by a feedback input FB of the SMPS U,

18



