REMOTE CURRENT SENSI NG AND COMMUNI CATI ON OVER SINGLE PAIR OF PONER FEED W RES
Background of the Invention 5 There are many el ectronic systens that include a
host device that powers one or nore renpote electrical devices. For various
reasons, the physical connection between the host and renote devices is often
limted to a single wire pair, or power feed lines. In these types of

devices, it is ofmmmsﬁmkmrr@@nsmmd@d@ﬁ«ﬁ@r\ﬁtwﬁbmﬁﬁé%ﬁ@ {ge host and
renote device in 10 one or both directions, One metRhod for achleV|ng this

without increasing the nunber FAIR®PF EOWERRRDWIRERYi ces is to modul ate a
signal of interest with the power signal present on the power feed |lines.

FIG 1 is a schematic of a system?2 illustrating a typical prior art nethod
for passing a signal from a renoBackisgimgoftthejltentiost devi ce over a 15 pair

of power feed |ines. Bmle devi.c uppl i es power

over a pair gf powerT eegr%ﬁég%&%&@ %l% h(g?r'[r)'?g’% ev'?%sédgv'l g%%eri ally

connect ed bet wekPWERONgoYiMIr@acaott pleglataldevivese of eatisussaasord, Bte to conplete

the current | o0 oV otenti cross t he
;Pn)g?— ‘Fc@rﬂ\@%ﬂoﬂﬁ g\ﬁae%a(EQe Z\Bstpéndvnleﬂvioctél 8§V'8ﬁ3{ %{@g

renote device 3 serres 1 np is con 4 bet ween
the supply vol tagngﬁMF@eraochoweefqmﬁlrtesym fresertyfeast davives, ib.offdre negative
(or ground) po fee ne 5p is connected to.th ost, circuit ground. In
operation, t hevﬁéée rq‘&@‘@?sc%y RESI R Ssb?etﬁ@egit%gf)s Gd reoks deYicin var yi ng

t he current 1@dr aowe orrbdthehrpcmm‘s f@eimethdeFobgchidling tis witBeRVifdreddieg tegnal of
interest, the host, device ja includes a differential 25 anplifier 7, which

measures the di THBPRfivdies\etweguihg dawiges ixtogaedylate a gignalof nthigstiwitbe R 6. The

current signal thé poeetigal présédilbﬁ thepyRet R@dliReg Vol tage signal and further
processed by fil teré:ﬁ’lé ult 3 The signal camrunication technique illustrated
ti

in FIG 1is probl &5?8? "éﬁ%té:r%fla PYstpRdllustiating a teeiealdsior pfedance R 6 in
the supply 30 thithedFer s ien ¥ighdlatdnPA réMotd G iR it d%'t géﬂSeB efdie remtely

powered device. As with all circuits, the renpbte circuit |mted power
supply rejEct |Rﬁ'f°f$\9ﬂ19lr§ef%¢dlﬂe§gé\5\/mf&tq®ﬁ§|§t 1t 4 Bostetayice Hewipties3 | ead to

degradation Qf dfje r%\lgrné‘gam) 5\%?@‘%3& WirBs $ararfd S AR YL RBR Me 13!l ) or. in some

cases, 'instabili tP/ and SCI
serially connected between the positive and negative power feeds 5a and 5b

to complete the current loop. The power feeds 5a, 5b provide a potential Vs;
across the remote device 3. .A series impedance R 6 is connected on the

20 host 4 between the supply voltage VsyepLy and the positive power feed line
Sa. The negative (or ground) power feed line 5b is connected to the host
circuit ground. In operation, the remote device 3 transmits the signal of
interest by varying the current drawn in the power feed lines 5a, 5b. To
recover the signal of interest, the host device 4 includes a differential

25  amplifier 7, which measures the differential voltage 8 Vour across the series
impedance R 6. The current signal of interest is thus converted to a voltage
signal and further processed by filter circuit 9.

The signal communication technique illustrated in FIG. 1 is

problematic for several reasons. First, series impedance R 6 in the supply

3 line 5a causes variation in the supply voltage of the remotely powered
device. As with all circuits, the remote circuit 3 has limited power supply
rejection. Supply voltage variations at the remote device 3 lead to
degradatian ¢f the signal of interest (e.g., a measurement signal) or, in some

cases, nstahility and oscillaticn.
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- 1 Second, the value of the series inpedance R 6 nust be relatively low in
order to mnimze the voltage drop across the inpedance R 6. Therefore,
current-to-voltage gain adjustnents are limted and overal |l neasurenent

dynami c range is degraded. 5 Finally, a relatively conplex differential
anplifier 7 wth high coomon node rejection and matched conponents is
required in order to sense the voltage across the series inpedance R 6. Oten
this differential anplifier is AC coupled which adds additional cost and

complexity. Accordi nghgond?uRERMEH B Sefied infbetafiBd Rl milRf fe [Ny IgiFhni aue

for 1o sensing renote current s;gna S over a Si ngﬁe pair OF po ed wires.
Sunmary OF The inrerdet fogninige theveirge digeacioshthesmpedaned Riéenbiasetarer ent

sensing techniq reﬁtﬂé‘-ﬂ/oHéq&O%aﬁﬁ?d el SrMihife P44 ox?é%?lPHéiaEQre r to the

renot e device. e invent nds particul ar application rn a host-to-renote
sensor confi gurdyraosnic 18ngehierdegradede host supplies power to the renote device

and anal og and/ or L0l I I | n.t he host and renote
device in ong or bﬁ'ﬁélgﬁrlae@? ?%neﬁlgé%ﬁégxgﬂ%qg'glaggwgﬁgﬁww F'g'g.com{ngﬁcordance
with the inventmode rgebiost antevmatobed cooponents éxirelquirad i eaet © skesedbevi a a

i ngl i i t ice ignal .2 the wi
el T Lo pover 1 FteBE RS dnd KR BdRHET R IOHER i FRBtectd BF Heg T o er ence
and control | oopCeiaupted:whibh atideadditioes costandsdoantiéxaty] y const ant vol t age

conponent of the power si.gnal present, Qqn the wire pair duri
current - nodul at ed c%ﬁq'g@ﬁ%ﬁe‘?‘ie’ﬂ?tﬁﬁ ré YRSt o P@b‘ﬁt@ﬁg'%ﬁ\é?\;@en t he host
devi ce and nenpiensiteyienrote 2omémtisighelnplet a Siyl®pair eNpewéresd wikke. remot e devi ce

generates a renote signhal. To channel the renote signal to the host device,
the renote device nodul ates the Of el Nof the power signal present

on the wire pair WtHe pleSemtaniinBos 8 Abvel RthbRRLUFNt S8HsitPEBh@GLEN. the
voltage reference circuit and anplifier on the host maintain a substantially

constant 30 vol f1ahetlizsapeiydhe wire Rair supplying-neses triheagmate dejes.| Evel within a
narrow nargin iﬂf/erﬁfornQ‘frbsgarﬁdﬁ%r%?Wati%h Wﬁhg@ﬁt@§@%t@§eﬁé&?c¥‘hf§9‘%r%r{ :

Simul taneously, the host ‘device recovers t current signal by converting it
to a varyings wherein the host supplies power to the remote device and analog and/or

digital signals are channeled between the host and remote device in one or
both directions over a single pair of wires.

In accordance with the invention, a host device is connected to a
remote device via a single wire pair. The host device sources a power signal

20  over the wire pair to power the remote device. The host device utilizes a
voltage reference and control loop circuit which enforces a substantially
constant voltag‘e component of the power signal present on the wire pair
during current-modulated communication in either or both directions between
the host device and remote device.

25 For example, in one embodiment the remote device generates a
remote signal. To channel the remote signal to the host device, the remote
device modulates the current component of the power signal present on the
wire pair with the remote signal. During current moculation, the voltage
reference circuit and amplifier on the host maintain a substantially constant

30 voltage compcnent (i.e., a pre-determined voltage level within a narrow
margin of error) of the power signal present on the wire pair. Simultaneously,
the host device recovers the current signal by converting it to a varying

voltage at the output of the amplifier (Vout).
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voltage at the output of the anplifier ("lout). - 2 1In another enbodi nent the
host device generates a host signal. To channel the host signal to the renote
device, the voltage reference circuit enforces a substantially constant
vol t age conponent of the power signal present on the wire pair, while the
host devi ce nodul ates the current 5 conponent of the power signal present on

the wire pair wth thanb@et efibgamhent tid FdLtideniee yehyratéhe hostraidreal ddvi ce
de- nodul ates the current conponent of 0 recoyeJitthe host

[ t he power signal

signal . The i nvé@shheinegssipag!te &ia r&F"%?JEFY'E%’ttF’SHoﬁ??eareh?{?a%eeaeq ect ronic
ﬂ)rg:ﬂg; I whi ch é}{feﬁébg%issd%%ﬁalﬁ,{c%dﬁdn& b@lf@é&forﬁmﬁed ns bjhalppwendignahot e devi ce

als over a single pair of wires. In accorda i, th one preferred
enbodi ment of tpresemeeihe yire RW@W“H@&%W‘%@%’%M@%%&W%QB a/er, and
sequenti al |y, Ch?dmﬁ‘d E;g;%? WIS {trathe varethaii With e HoREBgAREat i on
signal s bet veen el ecnte?]ggf@g evi cggﬁovers§tsi nhl e pair of vvier es.trgilgn t his
enbodi nent, a hoistultdeeously.itke necte deviae |dg-roediates doe correntcOmMOBeLY ce via 15

two wires. The fashwlPYihs SYBBVEehheRsichal the remte device over the —two

wires. Anal og neasurenent and/or digital control/data signals may be sent
fromthe renpte devilde inventios finds padisvias epplivationinsa gRigueElRetieBiFsiElitdevi ce

generat es an ar\ﬁhigﬁ{)%\%&lp eriaﬂﬁ%tﬂﬁﬁl?ﬂxm&?s{gﬁgls@ﬁtre%‘t’é gévicenforces a

constant supply voltage at the renote device, the renote device 20 transnits
t he anal og $i grsignaié overtasiagle payr afodies atn agcaréiencsuwitieane p@igIeItent  of the

power signal present. on t wire.pair, . - host I h dul at ed
current porrponeﬂ?gg‘is'mteﬁgogﬁﬁéﬁ’vegf'g'ﬁéf’e 5&%@%‘2} gour?g?#ég\ﬁlxﬁ) @gb%‘gﬁ’ %tn g er etr:rgvgr at ﬁe
anal og si gnal ofequehtdlgdhani@iendededatrémentsigriax anddigitencommpunicaien consi st s

of an anplifier-based c t-to-volt : 55 f ol |
i1 Cor o sel ccOtb e ARARaEa A e gracr SPaRoar oa By RgRS, py ° "onPess

illustrative enfagbdieieht a haandetibe id @iegtricallyroenhedtod v@a yemuoiet device \wagni fi cant |y

di sturbing the supply voltage at. the renote devjce. ni.cat i signals ma
AR S s o
comuni cati on sghARkes. RIePhehberenddt BAG/lr digitaiccdngelidista digyatsahagbat r ol / dat a
signals to the renote device, the host device either voldt %geefen%te

cur r ent - nodul at 2t &ophibe remeta epvicaye the Rgshiayicey 1 o this en
device generates an analog signal of interest. While the host device

enforces a constant supply voltage at the remote device, the remote device

20 transmits the analog signal of interest by modulating the current component
of the power signal present on the wire pair. The host device extracts the
modulated current component of the power signal present on the wire pair to
recover the analog signal of interest. The demodulation or “extraction”
process consists of an amplifier-based current-to-voltage conversion

25  followad by a bandpass filter to select the frequencies of interest. The
topology of the illustrative embodiment allows the loop current to vary
without significantly disturbing the supply voltage at the remote device.

Communication signals may be exchanged between the host and

remote devices. In a uni-directional communication scheme, whereby the

30 host device sends digital control/data signals to the remote device, the host
device either voltage- or current-modulates either the voltage component or
the current component of the power signal present on the wire pair with the
digital signal of interest. The remote device may then demodulate the

-espective voltage- or current-modulated component of the power signal
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the current conmponent of the power signal present on the wire pair with the
digital signal of interest. The renpte device nmay then denodul ate the
-espective voltage- or current-nodul ated conponent of the cower signal - 3
present on the wire pair to recover the digital signal of interest. In an
alternative uni-directional cormuni cation scherre wher eby the renote device

sends digital contr I/dtas stotr\% lgq%\ék@ r|1r93t devi ce
enforces a cons‘?rﬁﬁ? %FWR? ILgdesR e dE X 8% e Wiile the 5 remote
devi ce current- mmdmdtarb&mn-ahectdingl tt(ﬁhmﬂhgaﬁ?dn srfhemﬁ msébwmemembte current
conponent of t ower sign resent on th hgost device may
t hen denodul at e(??‘)I?F@ %@Péﬁq%hﬁ%foﬁéﬁ? %%%F?ewﬁ h81s %Vécep&%po 9§H present

on the wire paidnfb@es @acvetant Bepily g(blta@b asstcg;sahe@émbmtdyvemwhﬂenha
fro o the host to

bi -directional comuni cati on schem? ? qc; ni {1 tb

the remote devi'€B0] ARVIFR SEmetyTedIatgs tg ’Eg"g«;' B inegestiath B CHEEB! si gnal
present on the gnigonat bf the powélr@ghgl &@Qémranq%w&aanromﬁe%st hegktet o the
renpt e device. The renote device dul ates the host signal fromthe

vol tage conponeRay BEndanqsbie %@@W&nfﬂ%@iﬁd@ﬁmﬁeemqf@%a?wer sighy!

communi cati on fyagdthe tﬁsm{eepamqotra&vlapme diﬁ‘kﬁl‘é%nal&ﬁntbﬁé@te device 15 may
current-nodul ate the current conponent of ower signal, present on the

wire pair while thelmadi-diestional eaipmrpieatien %Qf\@ﬁl%ﬁ@f COTYPYRICHAN fEYB across the

remote devige. tﬁgﬁo&%&h&ﬁa&h&t@ oqﬁlc@‘)ﬁlnﬁllﬁ)%?ée&:&]@m%?%ﬁé‘geshﬁﬂaﬂatétrh‘ém t he
current conponent of the power si resent on the wre pair. The descri bed

W re power, si gieipge alsdakmﬁmmlqaatgemetneaﬁgﬂ@ceug C@@mwl%y@n e e used, for
exanple, in a RIS Si gnal S
that are transiﬁoﬁ %Fgghe%o@% I n:w umnted?@?@@g%@%tgﬁ I nt%sq%@é]sgr enents of
i nterest and f drdnnére \mltagemmpgnentﬁafammbwemgmal@mmmmmﬂ wliré¢ pgirude (but not
limted to) capacitance r the like. The
measur enent  pr it A ueareBRh B ok g ot el R g BB TR o W es

over whi ch powanay cmr&ﬂtmgodmwmeomréntsogmahent aiice powel sigredl ipcesaint on
i i sferred. Lllustratiyve exa of di

S gnal. exchangd RTF & 1ErdRE PGSR PR e o PERTRRR et at us,
upl oadi ng probehe admbteaiavize. Tch@rhﬁsadé\ﬂce Sé-atddudes theapmvtasiynal memh
handshaki ng, and other simla
the current component of the power signal present on the wire pair.
The described wire power, signal, and communication transfer
20 technique may be used, for example, in a system having a measurement
probe which senses analog signals that are transmitted to a host instrument
for conversion into measurements of interest and further processing.
Example measurements would include (but not limited to) capacitance,
temperature, humidity, proximity, and the like. The measurement probe and
25 test instrument may be connected by only two wires over which power,
analog measurement signals, and bi-directional communication signals are
transferred. lllustrative examples of digital signal exchange would include
querying of probe type, reporting of status, uploading probe calibration
constants, start and stop measurement handshaking, and other similar

30 functions.

Brief Description Of The Drawings

A more complete appreciation of this invention, and many of the

attendant advantages thereof, will be readily apparent as the same becomes
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30 functions. Brief Description &' The Drawings A nore conplete appreciation
of this invention, and many of the attendant advantages thereof, will be
readily apparent as the sanme becones - 4 better understood by reference to
the follow ng detailed description when considered in conjunction with the
acconpanying drawi ngs in which |like reference synbols indicate the same or
similar conponebétssr underséoatt byFteterence to telipipwingdelpiled Aesripien Wh&Gr am of a
prior art renote_ si - Lng.; ; oS i i@hkkevel
schematic di agr§ ns(;)c%r?gé il %ﬁ&gﬁg@g@gﬁgég@d@p ar@/n?tderrgnﬁ:dr%llﬁewg‘rlctgpﬁs the renote
current sensi ngreferehoé gyrebals indieaté theesamear sirfpGCoMpPRents WHYRIn! evel schematic

di agram of a second di nent, of . i 1 eﬁr@,? current

sensing techni que ofﬁﬁu)g 'i%%%'%ﬁ?’i%ﬂ%éf%mag% gﬁgﬁ}‘ggg?té%}ﬁ‘é%a' f]owchart

il UfStraEI nﬁsa §¢ﬁs‘&}g@ﬁﬁwh giusent of a nethod that utilizes the renote current

sensing techni que o i.nvention; |G ,.3B.is an 1,0 I hart

illustrating a secorf:d%;eﬁﬁdﬁ?ﬁ@ﬂ“le"%lfscge??@f'?lgﬁgf &f g%ﬁ%@sz th%ﬁtr%rf,%t e current

o aystam {11Ust s me e o it on o the. aracent. tnventi on:
_ _ _ icati on 0 e _preserq nventi on;

FIG 4B is a schemat'€ BPdER "t ?’%ﬁrﬁcgf’%éagg‘fﬁéﬁﬁ‘f)??&ﬁ?% ?Wgogﬁqesntéglénd

exenpl ary appl i gajitem ifpldriéntPigeRe Amobte\vrnehDsEnsRy tetikhiqhaof thean oper at i onal

flowchart illustrating the communication signal flow between the host and

renote sensd? dEYERUSH of FIG 4A; FIG 5B is an operational flowchart

iIlustrating the corgunkaas bARpEHABAAI flowWeNaR fluseatng Aerdteribodmkntestat e sensor
devices of FIG 4B; FIG 6 1s a schematic diagramof a preferred enbodi nent

gf a 25 host/ sewtwd thgtutdines Hetremol? Fersent ﬁéf‘%‘é@ krfhglaes Bthe WeertiRment i on: and
bechoin thanece”coyIEESSIA SN A USSR oSttt
Descri ption of a method that utilizes the remote current sensing technique of the
15 invention;
FIG. 4A is a schematic block diagram of a system illustrating a first
exemplary application of the present invention;
FIG. 4B is a schematic block diagram of a system illustrating a
second exemplary application of the present invention;
20 FIG. 5A is an operational flowchart illustrating the communication
signal flow between the host and remote sensor devices of FIG. 4A,;
FIG. 5B is an operational flowchart illustrating the communication
signal flow between the host and remote sensor devices of FIG. 4B;
FIG. 6 is a schematic diagram of a preferred embodiment of a
25  host/sensor system that applies the techniques of the invention; and
FIG. 7 is an operational flowchart illustrating the transfer of signals

between the host device and remote sensor device of FIG. 6.

Detailed Description
30 A novel remote current sensing technique and application is

described in detail hereinafter. Although the invention is described in terms
of specific illustrative embodiments, it is to be understood that the
embodiments described herein are by way of example only and that the

scope of the invention is not intended to be limited thereby.
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30 A novel renote current sensing technique and application is described in
detail hereinafter. Although the invention is described in terns of specific
illustrative enbodinents, it is to be understood that the enbodinents
described herein are by way of exanple only and that the scope of the

I nvention is not intended to be limted thereby. - 5 1. General Enbodi nent
Turning now in detail, tazeriérelﬂmbwdngemt FIG 2A is a high-level schematic

di agram of a system Ienentln t t echni que of
the invention. As |II P% '”g§@?5ﬁgfdﬂlncbgdﬂegggp%ﬁgﬁ EﬂgEV|ce 11

connected to a @@ﬁémﬁﬁdd@grahﬁiof/aayﬁeml Tlyinplevhertingdhe raoteotrprens Bersing fi r st
wire 12a and a second wire

evice 13 \, ref erence
circuit 14 whi cl’ﬁecﬁ@ﬂ%‘rea‘?fégeé{“@%%"t déﬁ aﬁ{}egosf)@ e&ﬁllb'?rg SvagFEngg source 19a
on the first .w r,itda 1ahnactet ks bkt délice t&)mstaamnglammmhlmﬂ cragarlsm@ur ce 19b
on the secong wire 12b. The phrase "subst on ans herein
that the vol t ag@ fisslwirg {132 33@9%0@%24"’%1?5 é)'!ﬂ d%/‘ﬁ‘é ? EL[?SSIq €490 the
remot e device regg %&S%G@HWJH% ééﬁé‘?&le%@u@gﬁanh@llyacoﬁeﬁinkfmv@ta@;eof error.

In the preferred e i ment, the voltage reference circuif 14 is égil enent ed

with an operati @natceaw orf therfirgtiwiteu12a and p sHPsgtiallycanstaptsecopd Malte

amplifier 15 w R fd %%kcéﬁ@w.rgﬁzymew@sé@@ubﬁbmwcbhgafw out put 18
of the operatlonafJ anpli |er and the |nvert|n%]|n put term nal ? t he
oper ati onal w@nplméansrhergin tbatdhavolmeaxy%e@tmﬁe@sa &R RalE Nt (ePRlied ef er ence

vol tage VR CO”RSS bﬁedreWoté QS}/{@Q pertmﬁ'lﬁg%géé}ﬁlah%‘%d $udjdBt Bh sialltrhdginogrer at i onal

anplifier esigh a st andard operat ronal anplifier
mai ntai ns a zer erot entheglrefeaed’ émbdduaentntmeIVOIta@ﬁafeﬁﬂf@ﬁCﬁ? £iscyiolhisn- i nverting

andlnvertlnglnu ter t t. I ween its
non-inverting ar‘n’g € %Wﬁhaﬂﬁﬁf%{ aﬁ‘}é g%rg'YéeL{'ta %c#ﬁ#;”astarrd%ﬁ er 15 adjusts
i ts output volt aperatioual atipkfier halwlmﬁeedmickagsstdr Bp 1amooesctetﬂ betegektheesi st or
RF 17 forces the volt on the.i ertl rational
anplifier 15'%t o qURYt é@g&l”?% Wﬁf%(bai "{] g;%%g ﬁhtﬁ\?@\’[gtr{‘?ﬁg'nﬁbt tem@gmt}@r m nal of
the operational tReppeératiefialEmplifiar 15)eandld ttﬂtkagatsoueeélrﬁbmlniclmsamm% Be first

vol tage source 19a Is nnected to the jinverting.in ' f the
oper at i onal anp|r1af|(=_\irc-~éqcel\ggﬁ)tagc;zl r connected ?o the non-invetting P\Bht tte?ﬁmapgﬂ th8

operational amplifier 15. As known in the art, by design a standard

operational amplifier maintains a zero potential, or “virtual null”, between its
20 non-inverting and inverting input terminals. To maintain a “virtual nulf’

between its non-inverting and inverting input terminals, operational amplifier

15 adjusts its output voltage Vour such that the voltage drop across

feedback resistor Rg 17 forces the voltage on the inverting input terminal of

the operational amplifier 15 to reflect the voltage at the non-inverting input
25 terminal of the operational amplifier 15.

In the illustrative embodiment, the first voltage source 19ais
connected to the inverting input terminal of the operational amplifier 13, and
the second voltage source 19b is connected to the host circuit ground.
Accordingly, because the control operational amplifier 15 drives the

30 summing node 19a in fig 2a to voltage Vg even as the current in the loop
varies, the supply voltage Vs; across the remote device 11 mirrors the
reference voltage Vr (i.e., Vs2 = Vr) and remains fixed (assuming the that
the series resistance of the connection wire 12a is negligible and that the

value of Vg is chosen such that the 1ost circuit supply voltage Vsupey 0 the
— 6 -



the second voltage source 19b is connected to the host circuit ground.
Accordingly, because the control operational anplifier 15 drives the 30
summi ng node 19a in fig 2a to voltage VR even as the current in the |oop
varies, the supply voltage VS2 acr oss the renote device 11 mirrors the
reference voltage VR (i.e., VS2 = VR) and remains fixed (assum ng the that
the series rem@ammrmad)énﬂphfmrd@nﬂgmat@rthaﬁ\ Yrand ¥z 5 rae §NPEIICATMERY hat t he

value of VR 1S COOSERQSHED. 1hehllS hORImGEIRILE rUgRL bhoidkiimam VSLUPPL (o the

- 6 operati ondfag rea an VR and VR is |arge enough to
drive at Ieastmbhlﬂawdlcmsreamplmma@m ). of the renote device 11 pI us the maxi num

nodul at ed current pl The iall

constant supply vol tﬁﬁear@gg %"fg CFOSQH)[ éerﬁ%g*m?r%@%ﬂ Eg@llv%ﬂg abl'es thg ability
80 passlgr ecd Slmoé&iherremdéegméme s1 gnatllss tbetabeléyntqh@srwms@nd‘&mbe 11 and host
evi ce in one or i rection Speci f s, ly vol tage
VS2 of the renﬂ'@‘talé@&“?gg’ei‘f{e?%% ﬁ?of‘? g%\ﬂce Eféeb@%ﬁﬁ ofs di gﬁsgllpps?/gnal s °
generated on Oné‘oth@ﬁébﬁ‘cﬁ\sc@bebmcﬂ@nbeéanstahae stupydy vdlmgec‘észb;f teocimhatei ng t he
current conponent 10 of the power si nal déﬁ?e sendln

de- nodul ati ng t¢RVieeytt @maing ﬁé‘?ﬂs?ﬁ Frﬁé (L7975, er efﬂ%gngcel vi ng

devi ce. For ex
eV e o dsatgng % cdrbe Eér@to & oth@ﬁdé\ﬁd%ﬁmdﬂwlaﬂﬁg ﬂrﬂe mmr@empahenta si gnal

recei ved and processed b dev
this, the r eth@fth@l@OWééS'g&a'rP@yhﬁéegﬁﬂ$ ﬂsw%an%dﬁﬁnad@ qgeﬁg'cggﬁrgﬁfat -(I)-? glol ? \rqvat
varies the | oop coRpdHdnk Sf‘tthegibm}eP%g%F& Pai récé@ﬁ%géalbel FoRex@yplehinch is

proporti onal to r enot e enent si our | e
enmbodi ment, t heFi&ai2d, th‘&:ll@mmﬂem&ﬂmaYrgef‘@éﬁfe@es'Q'?ﬁilzér‘féma’éBe%Sttﬁat?si mpl e

anal og anpl i fi ey of ed %'nggﬁ‘@éﬁ% é’(”) Fel 15t aBliby §8. "’Foraﬁéwsthisvﬁér@ﬁ\@téonnec'[ ed to

t he pOWEI’ or grr(?ﬁﬁ'éf e Va ratron 1n current hr ou said resistive
| oad will be preésiicel ymagberahfigaeddviiha cwreentmcmlulaig@mvw uarﬂ%ﬁihea@%ﬂm by the

renpte sensor. The host, devi ce. i rrent
de- modul at or®  19HTHIEPLNERE WG SPL¢ és %Ae’“gaﬁ%zﬁ’th&@géﬁ eoﬁt;#oﬁgj Ht1rr$§|c|ﬁo%\/\er si gnal
present on themeaserensint siglal,211As stovgeineuaeramplecobediognt. éMptddsi gnal  22.

25 moni tor s ¢ he CHESEURPRET ERe Taugan Nt ETRA hifioy Arplfer ™ onar ©
digital buffer that drives a resistive load connected to the power or ground
node. The variation in current through said resistive load will be precisely

20 reflected in the total supply current drawn by the remote sensor.

The host device 13 is likewise configured with a current de-modulator

19 that de-modulates the current component of the power signal present on
the wire pair 12a, 12b to generate a recovered remote signal 22. In the
illustrative embodiment, the current demodulator in the host device 13

25  monitors the AC current in the loop at the output 18 of the operational
amplifier 15. In particular, because the supply voltage Vs of the remote
device 11 remains fixed at Vg, AC current modulation will show up as a
signal variation on Voyr at the output 18 of the operational amplifier 15 as
the modulated current in the power signal on wires 12a, 12b causes the

30  operational amplifier 15 to adjust the voltage Vouyr on its output 18 in order to
maintain the virtual null between its inverting and non-inverting input
terminals. In the examples shown herein, Vout will be inversely proportional
to the loop current since the host amplifier is configured in the inverting
mode. In any case, the signal at Voyr may be processed to recover the
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anplifier 15. In particular, because the supply voltage VS2 of the renote
device 11 remains fixed at VR AC current nodulation will show up as a signal
variation on Vowl at the output 18 of the operational anplifier 15 as the
nodul ated current in the power signal on wires 12a, 12b causes the 30

operational amlehldeLiohal. d ARYitRLl LR RUEOR B haPBe blide Uiy 18 Tn of der

to maintain the virtua “be 2R Its inverting and non-inverting input
termnals. |n tfliteriog @mglpescessogrif desireidn, Vout will be inversely proportional

L0 gue) 100p current AENSR i BRidloRbeARRLKElE bidstart 876 QORI Lhe | nverting
node. In any case, the signal Tat VouTl may be processed to recover the - 7

remot e signal . ¢mbaditient oimbysiemridl impfareentingrihe remotemyriest safdénd duri ng
filtering and processing,if. desire I hS Lahr .schemati c di agram
of an alter %at %ghn@%ij)gﬁhﬁé@?e@?ﬁa%svgﬁS?r%t%gsprr% errr?r!ét%ﬁelﬁlg:\émelgr enote current
sensing 5 techiongeetedfto ttmst deded BBNia d singleiviiresysit 8{cdthpraingenfiise devi ce 31

is connected to a st device 33 vi i e. W re pair 32 (conprising a first
wire 32a and a WEcof2I Ao W'rﬁﬁgpﬁdé9§$@v§§ #%EBH%%%(O € age reference
circuit 34 whi GBfegemss aicaf 33 wrbs jemdrailslaysuaeestiamt cdristit fikdhbigRe source 39a

on the first wire 32a and _a substantially constant second volta | 0 source
39b on the secd?dSh 7% @3 He fi@'a‘i‘"ﬁ‘? 3%?1@“9@%“@@@”?‘%%3’&0%@@ E‘??O@Efivgﬁ?,ﬂe is

preferably jonplsyurdt 3h ¥ tHe secohaRaiarIhbo PRy, ited dbltayenbicré e cheuftavi ng a
f eedback resistor RF 37 connected between the output 38 and the non- inverting

i nput terninal opPrafgrablyjewiamenad wihR standard gperajippalampiifiendanadng@e 36 which

sources a 1 ef ergaqsKobiisde RYB7CORREALE BehiedntRe bIWRK BB BEdiHWPHEN-15 termi nal of
t he operati onal arlr_gl ifier 35. The " bet ween the non- inverting
myRIHN

virtual null™
and inverting il a epHi ieaninabef tha eperatipagli asmrlfienddlandieyoltigesereses  t he

vol t age seen at - [ j ' iREE AL il | anplifier
35 to reflect t%s;ﬁ@g:?tggtéﬂgg%’gfrfgteg%cdgﬂ&%g%ﬁé%ﬁﬁéﬁt&g/g 1!tﬂgée scl) rl}egﬂgQa is taken
at the nodetscornemunadftioe operatioraliampdfier 3y Timgplyirtuaknull” etwern theono
operational a if . d _t i ected to

t he host ci I‘Clr,lrip 'Jt“}egr"ﬁj%%fmxg'g@ %bﬁjé?eﬁ&?ﬁ%gggﬂ%%%gr%fé%gagga®§§b§ééé}§§£ t he

renot e devi ce 3He mdltagerseentad theehien-eweding ahpud dermifril Of the. gpev@Bnal VR). I n the

embodi ment  of 'éln%liﬁg}g’i’b tot llé(ﬁel‘}%é vgﬁé/decr%fe%gnéwg.gl%effrgtt\%ltgge source 39a
is taken at the node connected to the non-inverting input terminal of the
20 operational amplifier 35, and the second voltage source 39b is connected to
the host circuit ground. Accordingly, the supply voltage Vg3 across the
remote device 31 mirrors the reference voltage Vg (i.e., Vs3 = VR).
In the embodiment of FIG. 2B, the host device 33 may generate a
host signal 41 which needs to be communicated to the remote device 31. To
25 allow this, the host device 33 may be configured with a current modulator 40
that modulates the current component of the power signal present on the
wire pair 32a, 32b with ‘he host signal 41. The remote device 31 is likewise
configured with a current de-modulator 39 that de-modulates the current
component of the power signal present on the wire pair 32a, 32b to generate
30 arecovered host signal 42.
FIG. 3A illustrates a first method 50 that utilizes the techniques of the
invention. As illustrated, the method 50 begins with a step 51 where the host
device generates and supplies a first substantially constani supply voltage

on a first wire of g wire pair connected to a remote device and a second
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host signal 41 which needs to be conmmunicated to the renote device 31. To 25
allow this, the host device 33 nmay be configured with a current nodul ator 40
that nodul ates the current conponent of the power signal present on the wre
pair 32a, 32b with -he host signal 41. The renmpte device 31 is |ikew se
configured with a current de-nodul ator 39 that de-nodul ates the current

conponent of the _power, sign r i i ire3sdr
30 a recovered SHB§?%?'B§§85%EF Q@g%ﬁaglo}nlﬁﬁﬁgﬁsﬁ? ?fl trﬁé'?wnet h05058e?ﬁ;?t ©
gt ilizes t Ee t eehné@ee o i remete dement inanstep$2i heusiosg davice BeNfELFod 50
egins w a ste 1 where the_ hpst J HeTAelNs s [ i
substantially @dﬁ&og%glggalpgp@lr{,%ﬁ@g% tﬂg\rﬁég‘gh rst %\A&rﬁie of aﬁﬁm&%tﬁi ? rrst
\(;gln[lg;teegnto ac[,ﬁgg{c@rﬁkmﬁe?\eoﬁmd paweesigndl presentanbe avite RAIN Witk Best ant suppl y
a second wire of e wre i connect e te device.
a step 52, ®he r?@ﬁﬁ%gré%vi’:éf@ﬁ'béﬂ@r%?%gg téepgﬁtoq%%sq %’%‘a ,dhgﬁ%gﬁgoaestg\pl)l gg tlhg

renot e devi ce GUFERNoHRsHEnRbEhelddtver cighalgiresertrgnathe wiregfait togep@u@r  si gnal
present on the wre pair with the 5 renote signal. Finally, in a step 34, t he

host device dethmmetesignahe current component of the power signal present on
the wire pair to regpyesp iilhipatt&aREeosd BREod 69 (Bat dffizek thistachtigsea ofecond

met hod 60 that utilizes the techniques of in ion '

method 60 begi rige WVERtian- sl_l.\%wugiatﬁﬂ‘rghﬁ meiRed é@gﬁ%ge"‘%ﬁo%&p@n"{éﬁ%@éé g e
supplies a fi f%sﬁa'élﬁé@g@d&éﬂex 2FARSpANs FlRPsYbstitiatigeonsiant supplyt wire of a
Wi re pair connected to renote device and a  second sugfeté{anti %I | y constant

Zup_pl y v:)l t aget\'mﬁa? sradinet witer of awire pair gPRRectechiq a EIAME AR %the renvt e
evice. In a ste i ; :
egarllcf g%tﬁg_?gn%t%ﬂ?E?ﬁﬁgﬁt%%pgﬁ%&ﬁ?éa?% aaseerd wire@ide witd i n step 63

t he host devi ces_ _ duf ates the curre conmponent of the E)ower si gnal
present on the psiirc@npatteds the remoth devicsi Grastep 62i Hig hapt dEHCRISRYBIRF, t he

renote device de-mpdul ates, th i
o the wir e paid e SHnaL e s RS L o QEPEES Dhentnol BaeB e b e P on 1 G

4A i |l ustraies qnfgonsht efithe gbwensigod! paesent enphawre RapIWithdhP GI9SLTIGNZlo t he
B Cyatem 100a TN EaBP St Sesmacap e (5 abARIEERe Grisrf @hMPuneAt ustrating
of the power signal present on the wire pair to recover the host signal.
2. First General Application
FIG. 4A illustrates a first embodiment of an exemplary application of
20 the present invention. In particular, FIG. 4Ais a schematic diagram
ilustrating a system 100a with a remote sensor device 103a connected to a
host device 101a via a single wire pair 102 (including wires 102a and 102b).
The invention uniquely allows the channeling of power from the host device
101a to the remote sensor device 103a, transmission of measurement
25  signals from the remote sensor device 103a to the host device 101a, and bi-
directional communication between the host device 101a and remote sensor
device 103a over the single wire pair 102.
a. Power Capability .
Host device 101a includes power block 110 comprising a voltage
s reference and control loop circuit 115 which enforces a substantially
constant voltage component of the power signal present on the wire pair
during current-modulated communication in either or both directions between
the host device and remote device. In particular, the voltage reference and
control loop c.reuit 173 generates a substantially constant first voltage
-9 -



host device 10la via a single wire pair 102 (including wires 102a and 102b).
The invention uniquely allows the channeling of power fromthe host device

101 a to the renpte sensor device 103a, transm ssion of measurenment 25 signals
fromthe renote sensor device 103a to the host device 10la, and bi -

di rectional conmunication between the host device 10la and renote sensor

device 103a ovedy 21§ BAtIR Hfst Rir@abRa 4Rda s@bstlaﬁmry &a@@ht bédoyidHost devi ce
1d a includes power block 110 conpri sing. a vol 30 reference and control

| oop circuit 11®liaae epvsaflJRsthg S§G‘Eﬁd(‘é(ﬁ? 187 yTg%BH%atSSn?UQ?B?Q'S conponent of

the power si gna&on@fﬁ%éa%‘hér@ﬁﬁ tW'atr BeRBitige RYEI rBGafH4rdt @dongR@tleaérd
communi cation in either both directions between the host devi ce and renote

devi ce. | n par t(abewiag foﬁméaWﬂw@'ﬂrCé?éfP@rﬂféharﬁﬂfs PN TRHINRIYAYEERr cuit 1 5
generates a subgj Eéh {)Mﬁl ?Péé@\féttofthé Si néﬂq}éq%gﬁcygdé@fér@rﬁt Ihlnen the first

wire 102a and a subst an constant Second vol ta?e source 112 on the
second wire 102pefefied qmlmisreehsm\tczihageaaeflegﬁnce@ﬁgwhh 5 isripalesnandedmitht hat t he

vol tage | evel remgiaidt oG5! ARl LEELs vEPLAIN PEFE0BAR DL LAY AT 01 1 of

error) or changaer% erio time re atlvetothe
signal fr equeno:yecﬁcsﬂ: sUbstelnizéllly cohstahheoltage ebercedd 1 esrbontiactadt to ét he vol t age

f - Ci it 115 I ed ' . |
uch a5 that sHBlaeTeR 1eotBatle et 1hape R sEREIRhARAREBNEREL ) Conct ant

vol t age souyce vblté ¢ Sogesnagtiedodrected teftes hostesireait gaged ddar ce VREF 114 and the

second subst anti aI const ant 0. vol 112 is Iconql Gt d to t he host
circuit ground 113. B SeRsI5ViIcg\ E%%gﬁ §‘F%6PPW87888’§ g pE%’F bl ock 140.

Power bl ock 1406018y tsifgriddsfrét ahddesend noltagel soage mmalsde1rwde13m.41 and 142.
First and second vol tage source nodes 141 322 gﬁ gust ge (of0) ‘Eﬁ?
external vol t addrss 80¢ eeeoNGYRIRgg Sorice fodg d4 L 8pg A4< st 8§ EORBIT 111 and 15
112 in host deVé)&@rnémolt%be'sBu:‘ééQ?éuch%sqpﬁraﬁ%%eéénd/%lta@@%oﬂﬂwscﬁs and hin the
sensor device 103. In accordance with the invention, the first, vtvbre 102a of

f

wire pair 102 |151216If@§t¢¢‘6%l‘@ﬂ&)(ﬂhﬁ@@f@do%ﬁrat& 35 yolipge seuress MIRIDARe st ol t age
source 111 |°Ca§e‘?1gor8\é\}1$3 o3, he host device 10 1 a and at a second end to the

first voltage source
In accordance with the invention, the first wire 102a of wire pair 102 is

electrically connected at a first end to the first voitage source 111 located
within the host device 101a and at a second end to the first voltage source
20 node 141 within the sensor device 103. The second wire 102b is electrically
connected at a first end to the second voltage source 112 located within the
host device 101a and at a second end to the second voltage source node
142 within the sensor device 103a. As described above, in the preferred
embodiment, the first voltage source 111 is a substantially constant voltage
26  source referenced to a reference voltage source Vrer and the second
voltage source 112 is connected to the host circuit ground 113. Accordingly,
when connected in this manner, the potential across the wire pair 102 is
Vgrer. Also, in this described capacity, the single wire pair 102 supplies
power PWR 104 with a voltage component Vpwr 105 and a current
30 component lpwr 106 to the remote sensor device 103a.
b. Measurement Capability
Remote sensor device 103a includes a measurement signal

processing block 150, which includes measurement circuitry 152 and a
current modulator 154. Measurement circuitry 152 senses or receives, and
—_ 1 0_



20 node 141 within the sensor device 103. The second wire 102b is electrically
connected at a first end to the second voltage source 112 | ocated wthin the
host device 10 1 a and at a second end to the second vol tage source node 142
wi thin the sensor device 103a. As described above, in the preferred

enbodi nment, the first voltage source 111 is a substantially constant voltage

25 source ref er?%‘ﬁ?g&%gﬂ%%%?fﬂ%& r@)‘r{r]eog?S’fs &%ré@%‘%@%&r&ﬁ%ﬁ?@ﬂé‘p

vol t age source st CI urt ground 113. Accordingly,
when connect ed i1A3 répreserdating of théengastieamerd| 154 c fxemplehmeapyremsaty 102 is
VREF. Also, in { l'ies
power PWR 104 w Lﬁgd@gﬁgggqg@ﬁg@g@nt%p@éﬁ §O§mzf% 5%%39%%91%)% jonent

| PAR 106 t o theanethx likes éhe oneadegraent biyBaitry 162 mawmemmsmpam $igngl Renot e

net udes. meagur dnel S 1o Py Rs L A lostPky + b RISk PeR) S6RE ) cront

circuitry 152 sems&s mdmaoeﬂﬁfesurrandnedmtesI&mfmeaeurprmanesngesl 158 lopasur enent
151 to generate measur enent | si

f
151, Bl o oAl dPG AP ERL R e s HoBear rreapny R AR ance,

t enperat ure, hU%r@éﬁtYth@Wéﬁlédpcorﬁﬂﬁtédhﬁ‘vhe‘éelofﬂwﬁdnmureﬁent circuitry 152
passes the neasurenent sjgnal 153 to a neasurenent sjgnal current nodul ator

154. Measur ement mg'ﬁ‘é?rtde&‘}ﬁﬂé)ﬁ? inghdfAsA meagwemant signal RrearisiidRiothe

measur enent 4gi gngd, which méludegl«élrﬁga@rérﬂanm Icﬁﬁ@ﬁﬁﬁaeﬁlbahlaV& 12f drite
measurenent signal to the DC current in_t power | oop corrprlsed of wires

102a and 102b. M&asUGEANE Bropgssiagd CiieYitngd33. aM?éé%r@f‘@r%ﬁlgn§i QHiEant Beocessi ng

bl ock 1o 120, W&HGBtdrn@NQ@évé’s!ﬁ%@ﬁéﬂ&éﬁ%ﬂ%uﬁb%m&dﬂfén@%vﬂ%@%atOr 121
and measurenent procesmg{g circuitry 123. Measurenent signal current de-

modul at or 121 r BRWeR&gNa! I ﬁd@&lﬂi@%’té’ﬂr‘h%mmcﬂ?ﬁp@?@ﬁ?m‘ tepHieof the power
signal PR 104 py §@r@Fné?\'f‘sf§D luc}'ag;ip?on‘éﬁ{ frorhQRe anauimgau;@ff&ﬁ cbh@onaﬁﬂgw [ ement

si gnal conponent rom he current conponent 106, and passes
t he de- nodultat edi0&iagdaiasse theda-medriates signa 22 t@lthﬁ:@gg'swgn@ntcuu try 123 for

L;”higngggfztsb%%?gﬁrg%glﬁgﬁﬁ% ot RurdHdr ProcdESinG RAAnSRRRC I Yhis t he single wire

described capacity, the single wire pair 102 operates to channel
measurements 151 from the remote sensor device 103a to the host device
101a.

20 ¢. Communications Capability

In the preferred embodiment, the system 100a allows bi-directional
communication. Bi-directional communication is achieved as follows:

Remote sensor device 103a includes a communications block 160a,
which includes remote control circuitry 165 and a communications interface

25 164 having a transmit circuit 163a and a receive circuit 163b.
Communications block 160 also includes a remote communications signal
current modulator 167 and a host communicatic."s signal voltage de-
modulator 161a.

Remote control circuitry 165 may include a processor, memory,

30  sensors, and/or any other circuit components or devices that generate
remote communications data. Communications interface 164 includes
standard circuitry which may include functionality for encoding, formatting,
and otherwise preparing the remote communications signal 166 generated
by the remote control circu try 165 for transmission to “he host device 101a.
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neasurenents_lSl fromthe renpte sensor device 103a to the host devi

20 c. Cbnnuplcat!ons Capability In the preferred enbodi nent, the sysfgn1igéaa.
allows bi-directional conmmunication. Bi-directional comrunication is achieved
as_fol!oms: Renpt e sensor devi ce 103a i ncludes a comuni cati ons bl ock 160a
whi ch includes renpte control circuitry 165 and a comuni cations interface ’25

164 having a t ransibhefirchlil 1935,ARY el tormeincativis 6341.165Comuni cat | ons
ock 160 al so includes a renote comuni cati ons si gr)_{j urrent nodul at or 167

and a host conmepiressritative-of the pmate gemugEcadens fed 361 a. Renote control

circuitry 165 may in y SEASAUIStes anEl torrean h
circuit- COh‘pOﬂGﬁ ngmgﬂ %ggv%selgﬁ%%gﬁéggﬂggg?%'f ?Zar?g??a com"runt;egat I OnSredc'i%/c'iot o

Conmuni cat i ons casrhporﬁaltépmmei ofdhe dewer siged VG 1(9i4erg§qr}t§pn\m? EHERB" i ncl ude

functionalit di n Qr rwi se
( _ preparing the renote
comuni cati ons g@%ﬁ’gﬁ? %ﬁ@?%@%&%%@q?g@fe control ci rcg try 165 for
trantsm ssion to ' he Hostidetieei 10dalfidales aldormmenicatignsrhlecic] $uMhicle3a out puts a
re

mote comuni cat l!ﬂo‘?nﬁsﬁﬁﬁ oste qn(t)rﬁic:rcwtﬁeﬁﬁeﬁ%ﬁuﬁ{ C}fb@\sqmgﬁéé’é@?h&ﬂﬁﬁ‘ém cations

data. A renote M€ ¢urrent nodul at or current - nodul at es
the current cogaeseintird MR EHde rembsepamt1%3bgrﬁq>mmmw@bqn§ﬁ'8§*éﬂ§ Bn the

'ncl udes a conmalRPARRIFGHE BTBLR “T30R NN bh SO A LA e R e B 1T e Foui try
131, a commygi cgmogp&mmhﬁrcgm sigal heldgegnadulatoan8sa.t circuit 133a a:}gu;t "
receive circuit 133b. Communications bl ck 130a
comuni cat i ons si gnaf!G Gy iltrales ?ﬁ)ﬁ’fﬂr% R'BY M3 ogﬁgos‘?rgkgﬁhost gtn%r"rrﬁmfzzt i ons
signal voltage HpgylAFE. 485 ofdritionbfnd lieh\ﬁié cahas d@mcexléﬂplgangram hod of
operation of the system 100a of FIG A4A ation
devi ce 103a genéemelesomBuEations SR ?‘?ﬂtléo g‘ﬁ%ﬁ’ &89‘6%8 iée]ﬁq "3 é ﬁégﬁggfr
g(ra\(;lcggséglt ﬁel Plerﬁ%ttﬁg 7-% fhe refidtSiaor ddvicd NE3d ﬁr@béssesehemmdtew ce 103a
comuni cations data to generate a
communi cat i aas sogumlnlcmlgns data to generate a remote co munications sugnnPtI§6
representative of the remote communications data. In step 73a, the remote
communications signal is used to modulate the current component lpwr 106
of the power signal PWR 104 present on the wire pair 102 while the voltage
component Vpwr 105 of the power signal PWR 104 is held substantially
20 constant.
On the host side, the remote communications signal current de-
modulator 138 demodulates the remote communications signal 139 from the
current component lpwr 106 of the power signal PWR 104 in step 76a while
the voltage component Vpwg 105 of the power signal PWR 104 is held
25  substantially constant. In step 77a the host device 101a recovers the remote
communications data from the demodulated remote communica:ions signal
139.
The host device 101a generates host communications data that
needs to be sent to the sensor device 103a in step 78a. In step 793, the
30 host device 101a processes the host communications data to generate a
host communications signal 134 representative of the host communications
data. in step 80a, the host device 101a voltage modulates the voltage
component Vpwr 105 of the power signal PWR 104 present on the wire pair

102 with the host communications signal 134. The loop current need not be
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representative of the renote communications data. In step 73a, the renote
comuni cations signal is used to nodul ate the current conponent |PVVR 106 of
t he power signal PWR 104 present on the wire pair 102 while the voltage
conponent VPWR 105 of the power signal PWR 104 is held substantially 20
constant. On the host side, the renote comrunications signal current de-

modul at or 138 denodul ates the renpte communi cations si I Jt39 fromthe
current conpondrd EPVFRIOBINGE voleopBwEH akipy fampieatien Ye8inN9%h while the

vol tage conpongnt  YEMR \LR2q0{/ bhE tRGuBy varidanak Bitiyd Sdbplied hethd 2note
substantially constant. In step 77a the host deyjce 1 lﬁsglyr%f%gc\(iers the renote
FPEEN

conmuni cat i ons diice, theopHtené IMERUORA BRYRISEIRSY Witpg 8¥gnal  139.
The host devi ce,; 10, éeﬁoﬂﬁé}ﬁcrgafrﬁ%ltggé%mi hadd Mesredaiingldelice sepeds to be

sent to the sensor device 3a In Step 78a. In step 79a, the 30 host device
101 a processesvditage hasationsmveniifdaen ourcerd yaees sinydtaaeedsdy-a  host

communi cati ons i gnal, 434,60 R35L Bl <Rl ablies 0SS FemBMIREkeRs data. | n

step 80a, the host age nodul ates the voltage conponent VPWR
105 of the powedonsrhgniahtidPdRigred vpltageate-modulater 161eadgpdulateptheiasi t he host

Gur i ng vl t age SPEATEEEFasHIERRNESRhEgh o BhlenR DS BIVE BoReD 2o

during vol tage 1 Iron. ul ates voltage VR
and thereby vardigsal PVWWRVIOWimgsers opihé adretpairt H02. riestape75aléve tamotehe current in

the loop may al so vary .w ut adverse ff [.0g: . Gi ' formance. In
vol tage modif at?%‘ﬁ%ﬁ%‘@ci ﬁm‘gé)ar CeRYSP AP héﬁ%@ﬁﬁ@ﬁg%g ng Qégﬁrétrggﬁéari ations even
i f 1 oop currentdaméd Bsedinatl dop@anishtionsQigidid39i de of the renote sensor device

103a, in step 74a the host —communicatjons signal voltage de-nodul ator 161 a
denodul ates the host2- SeAATHEEALIAALPELEHSN from the vol tage conponent VPWR

105 of the power siggaakpilBirafdd PERDAAnMWdiMENtWf @ gx@hipldr)2pplicatihep 75a,
the renpte to sensor device 103a recovers the host cg@mm i s data from

the denodul at e?f the sfesephimuemtion ilgRarticuindr!Gy 48 1s 8 sc E‘@ﬂég%lﬁ"gﬁlal Appl i cati on
FIG 4B il ystrigl&siifgSeGRRih ¢t HatRNemcafid ¥ &BleaT YOG FiGadAosith

the exception of the circuitry associated with transmission of the host
communications signal from the host device 101b to the remote sensor
device 103b. To this end, the host communications signal voltage modulator
135a in the host device communications block 130a of the host device 101a

20 is replaced with a host communications signal current modulator 135b in the
host device communications block 130b of the host device 101b. Similarly,
the host communications signal voltage de-modulator 161a in the remote
sensor device communications block 160a of the remote sensor device 103a
is replaced with a host communications signal current de-modulator 161b in

25 the remote sensor device communications block 160b of the remote sensor
device 103b. The remaining circuitry is identical to the embodiment shown
in FIG. 4A and detail of its construction and operation may be found in the
discussion above relating to FIG. 4A.

FIG. 5B illustrates an exemplary method of operation of the system

30 100b of FIG. 4B. In operation, the remote sensor device 103b generates
remote communications data to be sent to the host device 101b in step 71b.
In step 72b, the remote sensor device 103b processes the remote
communications data ta generate a remote communications signal 166
representative of the remote communications data. In step 73b, the remote
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of the present invention. In particular, FIG 4B is a schematic diagram 15
illustrating a system 100b that is identical to the system 100a of FIG 4A
with the exception of the circuitry associated with transm ssion of the host
comuni cations signal fromthe host device 101 b to the renote sensor device
103b. To this end, the host communications signal voltage nodulator 135a in

t he host device communi cations block 1 30a of the host device 101 a 20 is

repl aced with alpshumicidusiskati onses tgmabulate therurmeoticrap@iert 85ix 1#6 t he  host

devi ce comuni cat| ons bl oc qﬁiﬁ%ggéépeeseg r%e\)éf %ﬁa}%zmh,@mg \@tdge the

host conmuni cat i%HE RPYF N9 n the rempte sensor

devi ce communi cabhipoaehl Bsk 10806 thé poler $|gmaitPéNBe1rﬁ)§d$ haldvsupstantialy is repl aced
wi th a host comunications signal current de-nodulator 161 b in 25 the renote
sensor devi ce c&RABANEati ons bl ock 160b of the rempte sensor device 103b. The

remaining circuitry ich the®aki sigé, th@rérﬁ@teeﬂbﬁﬁhm@ibnsh@ml currerfde:  4A and

detail of its construction and operatl on may be f din.th i on above
rel ating to FI Gmaglatpr 38 dempdylatesiihy BENCIR COXERH] %a?g‘?"ﬁé{gHSﬁ 3?“%%&?%“ on of

the system 30 ]ch%npéorﬁ;Bgﬁen‘ﬂﬁle1@6%%@&&\0& sigri¥@ PVeRT0e ||$§ﬂ&$(?|6bd3hllece 103b
generates renote communications data to be sent to@g{}ﬁl&h §31§d ce 101 b in

step 71 b. | n dshepoltams canmoneshever t¥hafdhe gVEERIF the renote

communi cat i ons ?ﬁ) aE@alg/%‘ﬁ%?ah? Fi\srt@dTW@ttféqmﬂﬂﬂéﬂaé non&ieaivgrsahelﬁr&ote
representative of t te communications data. In gﬁlﬁ B?]? rmte -13

comuni cat i otes snomm*lmlcfglqm@étét6°’ﬁ65|%1ﬂ%’ﬂ‘8d¥'ﬁ@dcrﬁm°§?ﬁ°'e 106 of
the power signal,BWR 104 present on the wire pair 102 while the voI t age
conponent VPWR 105 of the power signal PWR 104 is held substarktl al |
constant. 5 On the hdse reistidevicentt gensrates bapteanaLnisationsi AN DEPERtL de-

dul at 138 d | th h
Cur ent _componert BErR! EokeapntaRy AR Sl Sl asian s, telloddemeeP. e
vol t age CO”DOHGMOME?’é\Bas‘BQE tied hddieopometicadiogs dataPvBenerte 8 st d  substantial |y
constant . In ste L4 qnﬁésq{@fri%[eitr%s%:]n}éﬁg%\fﬁ{eshcgé?%oﬁ\?ﬁmﬁ@atéﬂs data

communi cat i offs 'f"P'B €MBt e - CoNmunl cat | ons si gnal
In step 80b, the host device 101 current modulates the current component

lowr 106 of the power signal PWR 104 present on the wire pair 102 with the
host communications signal 134.
On the side of the remote sensor device 103, in step 74b the host
20 communications signal current de-modulator 161b demodulates the host
communications signal from the current component lewgr 106 of the power
signal PWR 104 present oh the wire pair 102. In step 75b, the remote
sensor device 103 recovers the host communications data from the
demodulated host communications signal 139.
25 4. Exemplary Embodiment
A preferred embodiment of a host/sensor system 200 is considered in
FIG. 8. System 200 includes a remote device 203 connected to a host
device 201 by a single wire pair 202 (comprising first and second wires 202a
and 202b).
30 The host device 201 includes a voltage reference circuit 240
comprising a standard operational amplifier 245 with a feedback resistor Re
244 coupled between its output 243 its inverting input 242, and with a
reference voltage Vrer coupled to its non-inverting input 241. The voltage
reference circuit 240 operates to generate the supply voltages \ ro_suppLY
14—



The host device 101 generates host communications data that needs to be sent
to the sensor device 103 in step 78b. In step 79b, the host device 101
processes the host comruni cations data to generate a host 15 communi cati ons
signal 134 representative of the host comunications data. In step 80b, the
host device 101 current nodul ates the current conponent |PWR 106 of the power
signal PWR 104 present on the wire pair 102 wth the host comuni.cations

signal 134. On aneGhRfordke fapoteddayice 208n JYHINGSENER-POWSt PAMTIUDIEHRE: ¢ he host

20 conmuni cat i o \%jitdpa referce HircGie 280 didbaipRratd S ibe sieredubdsesmtialipe host
communi cations signal "fromthe current conponent |PWR 19&@6%t e power signal

PWR 104 present COstaMaURPl/olage Venaurrnadpehtheggmot,dey Nsensor devi ce

103 recovers t hg,liesihr, GOIARBIBBLI, Witd 2084 RBohREcted B GLEVCubiIgt
comuni cations signal 139. 25 4. Exenplary Enbodi nent IA grlgfﬁ{err d enbodi nent

of a host/seﬁsoVOIWﬂ%rﬁﬁ@meﬂ@gér@?ﬁiﬁﬂéﬁ@% 2R of ppegatignal gy 0N 1€l udes a
remote device Zﬂgst%%gll‘écioqqaﬁ@ﬂ%r@@% op&I8MsCR tﬂ@%o@ﬁv@sﬁbﬂ;@b&tdﬁeriﬁﬂﬁ)@' r 202
st an 02b). 30 The

(conprising fir second wres 202a and 2 host devi ce 201
i ncl udes a vol t myeoteafericer?d3. dilawise, wie@02bdspenngater o apegatedooper at i onal

anplifier 245 wth a [.e5 p etneen. | out put 243
its inverting i ﬂrﬁﬁpg)z%@epqg\r/]@&\%e?% 83}] %eeﬁgsrté%@ge?g:‘lt%@gth% 'cl)—'ecag)uelﬁ%a to its
non-inverting i aptie Rebhtivd @ grolindigepplyeblagninahe rerooietdeite AlFer ates to

enerate the supply vqltages \- RD-SUPPLY, -1 nd GN [ : devi ce
203. Dur i ng1%en§grYt'B%%@?“@%W%%#WSHtJ the %SqSSY'ngggﬁ?se?%?gﬁéﬁ c%&cuit 240
al so opeL ates ttbﬁdmfdaz_ﬁgitalagsmhg sﬁmfthIQnﬁlsltommpenmﬁgsepsd:r)daggﬁet%)@e MRC )_s;(F)’SLY.
across the renote deyice : .particylar, in thisse wire ais
connected to a %&grﬁ{\;psg ‘6?%/5@1 Wgﬁlfj%@%kﬂs{ PW@%W&?&%& #%‘fﬁ%t%rm nal 242
of operational agraliHdsedatd®B1l Mt Bcodepss2 eeieives addlencades theafigifabhestoper at es
as the positive supply voltage in the renote deyi égg IBI k%/vi SS, wire 202b
i s connected todéiar%déﬁg@@e(ag?as@F'Blmﬂsa'Qﬁﬁgﬁﬁmméig A&53n BN%Q9Rbst devi ce
rzgrlrbt gnget hgfée;g%?n%‘}%é}&@écircﬁﬁt&f*@)?pai%@@lttbys%riépéongé% tlkrekippl y voltage in the
Vi .

detection/correction generation, packeting, framing, and otherwise preparing
the digital host data for serial transmission. A comparator 286 receives the
serial digital bit stream HOST_DATA 283 on a first input 284 and a reference
voltage Vrer 1 generated by a voltage source 288 on a second input 285.

20 The reference voltage Vger 1 is set to approximately half the full voltage
swing of the serial output pin of the encoder 282 (e.g., approximately 1.6
volts if the encoder output varies between 0 and 3.3 voits). The gain of the
comparator 286 is preferably approximately 1/1 0™ of the supply voltage (e.g.,
0.3). Thus, if the value of the incoming serial digital bit of HOST_DATA 283

25 is a logical low, or 0 volts, the voltage Vihost_pata On the output 287 of the
comparator 286 will be logically low (or Vhost pata = approximately 0 volts)
since it will be less than the reference voltage Vrer 1. If the value of the
incoming serial digital bit of HOST_DATA 283 is a logical high, or 3.3 volts,
the voltage Viost_pata On the output 287 of the comparator 286 will be

30 logically high (or Viost pata = approximately 0.3 volts, i.e., 3.3 volts times a
0.1 gain) since the voltage seen on the first input 284 of the comparator 286
will be greater than the reference voltage Vrer 1 seen on the second input

"=, The output 287 of the comparator 286 is connected to one input of a
-umming device 289. A voltage source 246 which constantly sources the
~15-



10 In the illustrative enbodi nent, the host device 201 is also configured to
send digital comrunication signals to the renote sensor device 203. To this
end, host device 201 includes a host processor 270 which generates digital
host data 281. An encoder 282 receives and encodes the digital host data 281
to generate a serial digital bit stream HOST DATA 283. Encoder 15 282 may

I nclude circuitr ?VSﬁE%g a?dat| X Co%% kRl t&%mé[,%l‘,ﬁju@@ftr@rg’lmﬁmmg device

det ecti on/ corr ef pac et| ng, fram ng, and ot hervvl se preparing
the digital hosﬂB@iaWhefncihesxestcadwcterwsmgeﬁlgmed in & eRshnRas N W8I ribcei ves t he

serial digital 6@%@%@&3%%%5%8 ré%%teoé‘e\ﬁcé;%%3stthé Gkl Rt darthtans ef erence

vol tage VREF 1 age source on a second i nput 285. 20 The
ref erence vol tag@tpMREiF?afctcsnmatot BS&tspsertxmﬁm(@d/thﬁmf@fet'ﬁ@dLf'ﬁ\eld) vEhttBge swing

of the serial out |n of f loh theb® Vvolts if
t he encoder %ut}fﬁl m?? Bg’t\?\é@t b §§§eﬁ§?ﬂal Ew'%ﬁ%&g%rlg%&gf the

corrgoar at] or 28? Wﬁerpe&mzamm mmn@kthmwmrymg/Mtcn?&ﬁ@ Herei@ppMeerdl t age (e. g
0.3). Thus, i tevalueofthel ',l;DATA283
25 is a |ogical VHesw0ABr W He "'H%tﬁ%%%@‘@'@%ts%tﬁ%kﬁéxs% éﬁ%etgﬁgput 287 of
tth ;:orrpar at or?%&;@wgnalgb slb@véltsglhﬂﬁls{tr?elswf(ymoltwo E)Atp‘ﬁé(aitapmmme;mtﬁl y 0I
volts) since it wl e less than the refergnce.v e val ue
of the inconindevigapPdis Yifiipiendto BP‘ﬁ’ebtf‘eFEﬁ?%j%f‘)er%%?&d gﬁEFgl cafg Pnégh or
3.3 volts, . fheqy y‘ﬂ{-rﬁﬂﬂgcc%_re_% e WhrekREId Boit PloicaBrighsignak Acrrqnanglyor 286
wll be 30 Ioglcal

or VHOST_DATA = appr oxi nat el .e.,
volts tines a ﬂtelmgdtwlﬂyompfrfbéVpﬁﬁgwptpblg‘@%é%ﬁaéﬁertsﬁlé %FPE% (ﬁﬂj{ﬁ 284 of the

conpar at or 286 %@éq,ctet‘@g ef erence voltage VREF_1 seen on the
second i nput Tth\&oJétrypg?o %@étr%rnt e C(I)rrparat or 286 is cqnpec (gato gne i nput of
a -umming device 288 thaillusirativgeerandiment fe KRMQle deYRs 4R R8s the -15
ref erence vol tage_VREF i Alod Bfcut mg device 289,
When the host d U?'egcgﬁlitsrygqg ?td%r eﬁrcﬁﬁr@e!%' rr% eoéln vthr%tr1 sends
digital host15datrﬁp|bﬁ:ehtﬁrfmanqﬂnﬁerc@rcammhnqnmglif@ﬁttmAﬁo“signfdé’tca_ Mt the

out put 287 of cqnparator 6 IS tyt the 5
vol t age comoneﬁggtﬁb\ﬂﬁrefﬁg g S@H%H‘?%F(@:%héaﬁ‘we% relsegfhtgg(})fﬁ&tshdg wire
pair 202. The outrwt:a@etcuah@ $mlﬂ1aaé)@ndm/slm®m?89 IMlStarﬁ@ﬂEderté begrEFursent

VHCST- DATA, - whi gEJnIaP nohevd i 958 bELLYE RTRAL T Mitalk! dourleGupsdriaige bet ween

impedance would yield the same operation. It is this amplified current signal
20 present on node 217 at the output of the amplifier 215 that is to be sent to
the host device 201.

There can be many alternative circuits to accomplish this amplifying
effect as would be readily apparent by an artisan in the field. In the
illustrative embodiment the amplifier 215 is a standard operational amplifier,

25  such as a TLO72 by Texas Instruments of Dallas, Tex. Diodes 211 and 212
are standard silicon small signal diodes and diode 219 is a 7.5 V zener
diode. Resistors 213 and 214 are 100 K ohm resistors and resistors 216 and
218 are 1 M ohm and 464 ohm resistors, respectively. Most of these
component values may be varied to optimize signal-to-noise and dynamic

30 range for a particular measurement application.

In operation, amplifier 215 drives load R2 218. Amplifier 215 has a
first power input PWR, connected to the positive supply voltage Vrp_supeLy
of the remote device 203, or wire 202a. Amplifier 215 has a second power

input PWR. connected to the negative supply voltage (GND) of the remote
- 1 6_



3.3 volts and 3.6 volts. Thus, the supply voltage VRD-SUPPLY at the renote
device 203 is sufficient to power the renpte device 203 and varies above the
10 m ni num accept abl e vol tage threshold for a logical high signal.
Accordingly, the nodulation of the voltage supply does not adversely affect
the digital «circuitry 220 of the renote device 203. In the illustrative

enbodi nent, the renDt deV|ce cl.ud I [ [ 0 d
digital circuit P?V'QQ@ 3T W'é%%&%b 'é& %‘?R?bg\igoﬁgé‘,ae@ Sfr}ré)ht%sh 'gﬁé{gé i V:n
glrrglng}‘ i ter Ci I cUiidp u\t{\/ef %SNR iﬂefgt% ahg% hés Eéfgleﬁbe AignaIN/ a208r fomedatdbse t he

O noise ratio and to decrease . the effects of t
1 1Re ool o o b8 S e oRF ePedfb I BEE7 e

to be underst Oo‘érﬁd\ﬁér @15’%5@9&@@%&@ o@Pdn%@ﬂéQSﬂaﬂﬂ@@ﬂﬁ@tm dmpi el d the
sane oper at i on. 1S a

t | de 2
the output of tﬁé5aﬁﬁlﬂqt$ ﬂ@rd'féqf&n?%ﬁ?t"‘f%g”{tggﬁgs'b HTlttas'Qr@ W%@gﬁ agoggeezoi? “
There can be m%ﬁpﬁ?éﬁe‘f@éhé’@gﬁhél%ﬁk%ﬁﬁ Wwwbmghuérmummkagfew ng effect

as woul d be readi 'y apparent an artisan in strative

I
embodi nent t he Mk jobt €hanges %éh%AQ'aﬁﬁltai‘Qﬂ%ﬁ@r_éh‘ ?Qﬁéf“'a%?ﬁﬁ éTB‘fﬂl lésuch as a
TLO72 by Texas Idﬁ%?r fﬁ%ﬁ%&ég@ %éuﬁéorogseére@téﬂﬁ@ 228 IhanglinddRelyar e st andard

silicon small signa iode 219 is a 7.5 V zener diode. Resistors
213 and 214 ar e pidiriomt to theAG input signal AGsiNs2Qs: A ryersedelaiorshi® e 1 M ohm and

464 ohm resi stor Siststciséﬁ@‘:tbg\@%'n&,'\@ﬁé#f@f %@@gééﬁﬁgpmugg{ #HeMPWmy be varied

to optinize 'Yigf4 a particular neasurenent
appl i cation. |nspparAaCi 20&EDClor eot greSent; no edditional (mezt_umeedm’c@berler 215 has

a first power on t dt th

of the remote devieLtREh BB RRL roiaob aFgRRy: WiGp dtp ok BEIreRRR.C T - SUPPLY

h 25:12 eP\ZI\:SQ3 Conn%(‘gtn@dACOIN bes aamsltlueostmpw%péabﬁcﬁglme g@RijerértSitheanenote - 16
or wire

i nput of the aquqqdétﬁegy@%ﬂr&t rg ?%Cseqﬂéel?\ler“@ﬁélé':s pgﬁa%v‘@%ﬁ%q@“rgﬁg 219 t he

junction of [esisghplyvolkdge)athe p%%rlféedm@s 202h amd 202tomustdradditpnahput  of t he

anplifier 215. The vol tage VAnp- QUT on_node 217 at the out f the anp 5 215
reflects the di cHERRHbEOUSBtIREAWERIEORCT (S B 't'%'?ad,ﬁ%ﬂpw PKf pfg@ d the ™

proportional to the amplified signal current flowing through load resistor 218.
Accordingly, the current through the power loop wires 202a and 202b
changes based on the AC input signal AC_IN 208. Importantly, because the

20 host device 201 enforces a substantially constant supply voltage (Vro_supeLy
= Vpwr) across the remote device 203 (i.e., between wires 202a ana 202b)
during sensor-to-host communication, a changing AC input signal AC_IN
208 operates to modulate the current component lpwr 206 of the power
signal PWR 294 present on the wire pair 202 without affecting the supply

25  voltage Vro_suppLy Of the remote device 203. This ensures that both digital
and analog circuitry that are powered on the host by Vrp_suepLy are not
adversely affected.

Referring now to the voltage reference circuit 240 on the host device

201, the voltage Vour at the output 243 of the operationai amplifier 245

30 changes in response to current changes on the wire 202a (due to
modulation of the current component lpwr of the power signal PWR pre sent
on the wire pair 202 by the remote device 203) as the operational amplifier
245 seeks to maintain the virtual null between its inverting and non-inverting

input terminals 241 and 242. Accordingly, because the changes in Vour
- 1 7_



anplifier reference signal VAMP - REF. Thus, the anplifier output voltage
VAMP- QUT changes as the AC input signal AC-IN 208 changes. Anplifier 215
drives the voltage VAMP - OUT across a resistor R2 218 that is inversely
proportional to the AC input signal AC-IN 208. (An inverse relationship lo
exists due to the inverting anplifier topology). Wen the value of the input
signal AC-IN 208 is DC or not present, no a d|t| nal érent needs to be

pul | ed through refiech BiRgemoiR genseb fata igadyated wikkethe cheepLs &R nput

signal  AC-IN 20806 g §RSpdviist sjyHaPPIWR/A0B; tﬁb’TerﬂEtetél#us@ﬁ@étbfdaﬂfbeﬁé&\te?euary
around the quiescent reference | evel VAW - gjzggéca y one hal f anplifier

15 supply vol t aggsending Vpov@fougé‘eﬁjb%\wdr%S ﬂ@?a(Bgﬁ: o Qe syiigbie Tiedi t i onal
current throughtli%2399¥§5ql¥ Prgﬁ’uen "?hé‘ %'d? retsanoﬁ'h% rEfe%mon'alsarﬁbfﬁ’é‘rt Iy

proportional to sl gha rent ng t oad resistor
218. Accor dsngk¢5 ahUeBRﬁJEEquperatertoggﬂhet t@eefﬁﬁwveely ue@pdwatee&rzmea)riaezozb

changes based on th%r%gélgg eiﬁBﬂ’&‘Dﬁ‘lo ; conggﬁla@%%mrl %e\Mpec&%*@e the 20

host device 201"¢RP antial voltage R[ ) - SUPPLY
VPWR) across theopeToteecweratearZ®y ¢enser daﬂa@]gﬂ@éﬁSQ\maysthQ@ba papaeseedb)  during

sensor -t o- host gonmuni ca I nput signal AC-IN 208 operates
to nodul ate the meiaéHf rﬁ%’ﬂﬁ%ﬁgﬁ?gﬁgwgbgg%f the power signal PWR 284
g[ﬁ;ﬁ:}t ](c)n Lhe W re pajital d@munithtion betivEer thenppst devisei @R yndSheydnaetge VRD -

of the renote vice 203. Thi sur hat bot anal o
circuitry tHat Sﬁﬂcﬁaagﬂ%ﬂs%ﬁc?'ﬁ\éam%s?om Wé}tg%ﬁ;ﬂ?% Jéevhcg?ééga‘adgg‘%% )
af fected. Ref er yighgl ARty Q20N mpkrhdrAiBg ot Rizet & ReMninicitiohs Bdérfave. tlhehdaost
device 201, the voltageVOUT at the output 243 of the eratlona‘&(]%ngl ifier

245 30 changes ﬂ'WSVé@fﬁtﬁf@’éoql@eBhFhee?ﬂm@Hﬁ'ﬁ@@ gieriase 240 asgoal

modul ation of t ey GRRhERNY incRikiae A8 BF tHeRWRGTonklNg feayepasidgRahdif¥iRn@r esent  on
the wire pair 202 (gy e%rem)te devi ce OP?)n gg the o baerggtlﬁnlal a%phlfler 245

seeks to maint alfrﬁnﬁfﬁét'ﬂﬂ Feaeiinch @nd r%‘@v\%égld\gftg' SigRAlS 5 IigvelhinBHNithGer t i ng

i nput term nal s ;244 aQ liFRSERY SichihY sarRERaHHEndIN Bir& iR GRnd NVOUT -
refl ect theq?ermﬁéﬂ"g@ns a'ta rmacag'lgds?m@%t he curlrrent conponent IPV\R 206

of the power si gatﬂctIGN\Rr@(ﬂB/,, ant seriaitotparalichant/ogparallelde-spEalicopyesidy by
sendi ng VOUT t hroudh, a-Qmrdhawscd b6 ﬁ{ay(:ﬂad: ihcttd® efBF dlelfsn/SttdaBhe il ter

circuitry and instruction packet extraction circuitry depending on the
communications protocol. These functions may be called out specifically in
20 FIG. 6; however, if not explicitly shown in FIG. 6, it is to be understood that
such functions are included where necessary for proper communication
between the host and remote devices (or vice versa).
Turning now to the specific implementation of the digital circuitry 220
of the remote sensor device 203, the digital circuitry 220 includes host data
25  recovery circuitry, including a comparator 236 and decoder 238.
Comparator 236 compares the voltage present at its first input 234 (which is
coupled to wire 202a) to a reference voltage Vrer_3 present at its second
input 235. The reference voltage Vrer 3 is set to approximately (Vg +
VuosT paTa)/2 (€.9., approximately (3.3V + .3V)/2, or 1.8 volts). The
30 comparator 236 is preferably characterized by a unit gain. Thus, if the value
of the modulated supply voltage Vrp_supeLy is below Vrer_3, the voltage
VhosT_pata 0N the output 287 of the comparator 286 will be logically low (or
approximately 0 volts). If the value of the incoming serial digital bit of
HOST_DA A 283 is a logical high, or above Vger_s3, the voltage on the
-18-



t hat passes only frequency the range of interest). The operational anplifier 5
245 and BPF 250 operate together to effectively denodul ate (or recover) the
renot e anal og sensor data fromthe power signal present on the wire pair 202.
The recovered anal og sensor data signal 252 may then be processed by

measur ement cal culation circuitry 260. Digital conr n@sati on. b%wg t he host
devi ce 201 and dussutrasmutfene tomperatar880gll P logicaly I 3BPEX O YHI'S end, the

remot e device 205 neludes.  dhaiikal nf digu bitkrddd Smploaemitze] citné cast.

conmmuni cati ons Y e 1llustrative enmbodi nent, .th myni cation
interface 220 ignipaator a6 iandémrrraacteremhgrtedg“@ﬁbﬁi%tﬁlzf? i L
functionality for preparin candik i @RLNGmqit hEtiEtd tWhieh magdeludeng, and
recovering di gitydhese ﬁ%{l‘ggcé%ss%%\f\(ﬁe'l F\Qé(dggm‘yi n the 1§5 art ?ncl udi, ng
anplification cifepid 'E:Mmrr%im} is-ahadnélet drooi theutiast deviee adE to heredGidn
circuitry, and serial-to-parallel and/or parallel-to-serial conversion.
Conmuni cat i on i $RNSPF ARMECS @)3-may al so include error detection/correction

circuitry and instruygihoR Jeaskedeviod ZGisiatyo @infiguiedrty seapdigifpidptanot he

communi cati ons protocol. These functions may_be I : cifically in 20
FIG 6; howevertheitfoshégviesg?1-cintthip readinPiog ﬁoézgﬁ,deﬁgrﬁqgg ‘tj@ﬁ%e under st ood

that such funcéén% dASidmi Biesinalkargighacessardatabito perspisrthe RSNi cat i on
bet ween the host and renote devices éor vj ce vlersa% JW%W%%%Fé)Oﬁ he
speci fic i mu endewice 2Gh bihe PrRESERQiZ A MY PEUTR P2 of “the renmote sensor

devi ce 203, : ;wag:f%é\ngh%%k rtééésé’lz‘?nibr@%htﬂﬂl%r,ma 62CGA, dRfitar siatever y

circuitry, onpar at or 236 and decoder  238. a 236 conpares
the vol tage prem@shinatand/sr cbthesdigitﬁﬁM@Ulm4"(§hﬁi‘®§tr?§ve8 gﬁ‘gge%ﬁ'gf‘% re 202a) to

a reference -vol tage VREE-3 pre i d Phsot Batdtfratd a.pafdiel r ef er ence
vol tage VREF - Brotesl 396”%{3“&%2)%?‘?2%%@@(%% ¥ VHOST- DATAY?

e g.,
appr oxi mat el y (&r¥t to a 38fidl djt stream, &hichl is @}Jtputﬁ@tostbe@mé?%&so%e”?ga is

preferably characterized by, a i t, 43l ' iaV 8ltyet pin38hadnodul at ed
prefer bl CherSeLel At Bt A0k B spnler el

t he vol ta%% VHgS - fE')ATA on the
out put 287 of t ke seuiRermiwer f&8bwine RD2dnIgenew@hlre§ision g&an 5}'5 &% mately 0

volts). If the value of the incom.un r |Gt i 1 ir#83I A 283 is
a | ogi cal high, eBRerdB8PasHiFER @;ga{nﬁg p@%ﬁt géggq‘(ﬁbt%%uﬁl@ ﬂgutopgjll:j‘lt@&S g87 of the

conparator 286 whh kinR&nda@iuedd duffidiegirutrent. é'pprimplemr@q:tjpngs_r@wn is
compatible with an open collector output which is limited to current sinking.
-0 Therefore, connecting resistor to the positive power feed will enable output
233 to increase the supply current when driving a logic low. Processor 230
has a power (Vcc) input pin 231 connected to the remote device positive
supply voltage Vrp_suprLy ON wire 202a and a ground (GND) input pin 232

connected the remote device negative (or ground) supply voltage on wire

25 202b. .
In operation, processor 230 outputs the serial digital sensor data in

the form of a bit stream SENSOR_DATA onto pin 233, which drives current
lnp across resistor 228. When the value of the digital bit being output orto
pin 233 is a logical 1, the output voltage on pin 233 is approximately equal to

30 the positive power feed voltaje and therefore no additiongl current nee s to
be pulled through the power ioop. However, when the value of the digital bit
being output onto pin 233 is a logical 0, the output voltage on pin 235 must
be pulled toward ground potential which causes additional current to flow

through resistor 288 and, therefore, in the power supply loop. Since the
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volts). A decoder processes the digital bit streamon the output 287 of the
conparator 206 and formats recovered host data 239 suitable for processing by
t he sensor processor 230. Accordingly, host data (which nmay include 5 encoded
commands) is channeled fromthe host device 201 to the renote sensor device
203. Renote sensor device 203 is also configured to send digital data to the

host device 201. Hebrté B%?iaé@gﬁﬁlgvolﬁ%c&% Rsosqjsp%ggng ateanfai@diala, control /data

signals (herei nafi Ital” Sens ata") to send to the host | o device 201.
The processor 24@nstant kevel hypthermitagel rafgreany cioerdt ¢0 efghe hest devire 4%l | owi ng:

m cropr ocessor, .&Urﬁb%%ﬂ@&{-%%cﬁgc?l ﬁ&icaﬁgﬁhe BrdHebdr SoithBst JTAGAIUARNaANT/ OF

other digital circurtry. ustrative enbodi ment, the processor 230
i nternal |y convesuresnt theodtityiheatovwess feopr (fatened tyrwirase2QParand €02b ¢apnaating o a

serial bit stream LGh, i I L3l ut put pin
233. A resjstor é%%g&cdgd%leg%ﬁgﬁ%aghgsée‘%&?gﬁ%‘tﬁ?%ﬁ}% lg?%%%%ﬁé%%ﬁgﬁhe positive
power feed wi re 268&tr 288 agdogic dvelsradicht dec@@bhabyathebambimicdbftoorreed ikber t he
positive or negative power feed nod ssum ng, t he .out put, pi 3 can sink and
sour ce suffici erft®"¢d BE?HQh PREPIRGS ggr@ﬁl?%qqe(?gjegﬁﬂg\'ﬂg iogm%egﬁé}éﬁ%bl e with an
open col | ector osrbpedsondBC Ik driving aridgea! 0 or alsgiealt!. Beula thrgz)\ﬂnltig f

o) ing or alagi . LS er ef or e,
connecting resistor to e psitiye power. fe ] enable o y 3to
increase the sup?ﬂr@f?clﬂ?ln& QFWR aﬁ%ﬂ# %Fi‘ﬁﬁwﬁésgn?lm #é)wreﬁthcc’@stz‘%er'%%%?has a
pO\ther (V\C/(I:?)O- gd&g;aLo\%qs@oaaﬁngaggacﬁre@ bythieltst eente20it the digitakdenisuedatauppl y
vol t age Y on W[ .a graound ( N in 232 connected
the renote devi it Stesem §€§%§?f%$ﬂg%@%ﬁb%¥wﬁ§%%%wﬁﬁh‘%%f&e“ 25 202b. In
operati on, prOcec%?ﬁdon%%goﬂﬁb%%réibﬁagﬂéééﬂtoﬁitﬂéMbpﬁﬁmf data in the form
of a bit stream SENSOR- DATA onto &I n 233, which drives current. |RD across

resistor 228. Wen tfdewstidevee 2hbinglugpe digitel senser dfacaeqyery Sru8y-phn 233 is
a logical 1, thecgfe%:ﬁa@épd H@'ﬁcﬁgﬁe\ﬂ%ﬁbﬂingiu%ﬁs'asc I AXSH 984 §hy deeddlr to 30 the

positive power f ol'ta-ge and therefore no additionsi current nee 3 to be
pul | ed throuth t265. foamparatas264iqompacss thatyelagen¥owrdiragerfat tmarsfingt al  bi t

T e L L
t hr ough resi st orreR8éncanditag dikef ppresentratits seponkinpstidfd. yThegieresigice t he
voltage Vger 2 is set to approximately (Vr + Vuost_pata)/2 (€.9.,
approximately (3.3V + .3V)/2, or 1.8 volts). The comparator 264 is
20 preferably characterized by a unit gain. Thus, if the value of the output
voltage Vour of the comparator 245 is below Vger 2, the voltage on the
output 263 of the comparator 264 will be logicaliy low (or approximately O
voits). If the value of the output voltage Voyr of the comparator 245 is above
Vrer 3, the voltage on the output 263 of the comparator 264 will be logically
25  high (or approximately 3.3 volts). A decoder 265 processes the digital bit
stream on the output 263 of the comparator 264 and formats recovered
sensor data 266 suitable for processing by the sensor processor 230.
Accordingly, digital sensor data is channeled from the remote sensor device
203 to the host device 201.
30 FIG. 7 is an operational flowchart 300 illustrating the transfer of
signals between the host device 201 and remote sensor device 203 of FIG.
6. As illustrated, host device 201 requests remote sensor device 203 to
identify itself in step 302. To accomplish this, the host device 201 generates
digital host data HOST_DATA 283 containing an appropriate instruction for
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-19 renote device supply voltages VRD - SUPPLYy and G\D are enforced at a
constant level by the voltage reference circuit 240 of the host device 201
during sensor-to-host comunication, the processor 230 nmust pull additional
current through the power |oop (fornmed by wires 202a and 202b connecting 5 to
t he host device 201) in order to accommpdate the | oad current through
resistor 288 as ic leyvels sw t otdli]%té’erlé wek sigvarent IRD
flow ng through t%‘ﬁge%%ﬁ{%"&e %Q%esgﬁ%gée:s%% g}ﬁgg%l ng on whet %r thrg processor
230 is driving ao\)e@gn@aizoma and 202myitc e digitaiboatdaia HRSTHAHYE83conponent  VPUR
205 of the power si ang Wi duBs@AliLIy @n2@At Usitzenst ant
as enforced by the h te&%‘gg 3%%?%@501 J{N'ltagf sgngor ldz)a/ta bit stream
SENSOR- DATA i s @dﬁ@ﬁamﬁbyemmmﬂemwcmﬂth the current conponent of the power

signal present on the wire pair icB%hydas i git al
sensor data rfecover y%r?%tﬁlstf'/orqz I8, |sregggr‘éjrsﬁg\m%ﬁoﬁg’s%ycdew ce 201 incl udes

a conpar at or 264|dérﬁlﬁ.cdﬁ@omeerte;150@6$o a@oasrpplnsduttbls tesqrocensar 230 teideves| 'tsage VOUT
present at its first input 261

oper at i onal arrpl'ﬂeméﬂ'rcat&'w‘f‘?f{i‘aé.'og‘la@fj @’éc\%ﬁajgé}%g%ﬁ%g@sééﬁ Zt its

second i nput 262andT£B$wbﬁEWt8%%nam *ta?l%ﬂ SWBER SENSORe DATA apperiationtiudl y (VR +
VHOST- DATA)/ 2 (e. g grom mat e or 1.8 voI ts). The

conpar at or 264 |@n263pw 'Pf@r'hlﬁIcy”éhfa’f”%‘t”éﬁdz"é'wtl'}? ROWERBIEN8hi n. Thus, if the

val ue of the,output H@G@eYMeﬁ‘ﬁestthé ld‘éﬂffﬂ@dt@hohfoaﬁ&ldrslnbﬁmwalREF - 2, the
vol tage on the out ut 63 of the conparator i\‘% ‘i‘vj\% %ﬁ {ow (or
approxi mately 0 vol t/’ﬁsu"”l"ig Wﬁédf%lﬁlf'ﬁét'%'f'stvﬁ%d begvish '63 ? t he

conparator 245 | A stepe3 1 etgthgodigitdie

conpar at or 264 V\%rﬁggagwogl ca f“kzé%qﬂgﬁh&?g?”gpgr% matye)igén g)dgt

decoder 265 pr ocksstdata HOSI HATA 283 @on%@ﬂmgmmr@m@%lﬁ‘ﬁgﬁﬁt'%g@f@‘P the

conpar at or 264 and for.ng 7 W processing
or SE6E S?VI%BFO%(é%%/Oq’ 2% cf{?oﬁ%(r?e%&lgtﬁ‘@ iBWith e sou

by the sensor ccor igital sensor data is channel ed
fromthe renei e signs@vedinds202azi@ zaiebt he host device 201. 30 FIG 7 is an

operational flowchart 3 Ogl 'gé%@i tﬁ%’legrgfoc@ sr&?t%lgﬁéllﬁéonsﬁdrﬂ%ﬂa%e%h\“&e” t he

host device 201 and r Vi ce | 'ustrated, host
devi ce 201 requesttie remotecdesiresaiy3 lniechsatémg@ts tgagsmit circuitry in step 312.

Remote sensor device 203 then takes an analog measurement in step 314
and modulates the loop current in step 316. The current-modulated
20 measurement is demodulated from the power signal present on the wire pair
202 in step 318 by host device 201.
Although this preferred embodiment of the present invention has been
_disclosed for illustrative purposes, those skilled in the art will appreciate that
various modifications, additions and substitutions are possible, without
25  departing from the scope and spirit of the invention as disclosed in the
accompanying claims. It is also possible that other benefits or uses of the

currently disclosed invention will become apparent over time.
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identify itself in step 302. To acconplish this, the host device 201 generates
digital host data HOST- DATA 283 containing an appropriate instruction for -20
t he sensor device processor 230, and vol tage-nodul ates the power signal over

| i nes 202a and 202b with the digital host data HOST DATA 283. In step 304,

host device 201 enforces a substantially constant voltage source at the
renote devi ce 208HAT IRAAIMERRS0r devi ce 203 responds to the host device 201
with its identification in step 306. To acconplish this, the processor 230
retrieves its identification in formation and/or calibration data froma
menory (not shown) dnd\ b@ﬂhdewips chuplabledo sgemate dé\jea wn asingle WireapAISENSOR- DATA

on serial output |dO§H Ig%r verl ;531r1qiaeﬁ1:éggv§r?ta{ul & C%ESQV: Eg'idtrg'n%oﬁ)é)wer

signal. 10 Host gevi' e |on|n ormatiron in step
308. Assum ng tdericedentpribingdirstoemote snarhal@enhwonaewnneoa%blaigtructs renot e

sensor devi f%%ﬁ%ﬁ%%‘??st HBPeséfgﬁé;%HB 'fﬂstslle%tegwrrgiﬁruc £t8? ﬂeg' tal

host data contar m n appropriate 1n sensor
devi ce processorto AR0uland cuokotemrpoodnl aof 8 pgwet signalipredemt povserd slr5gle| gnal over

lines 202a a d 202b, then nforc an | 'y constant
vol t age sour r% arﬁrwﬁﬁgﬁ "Sgg‘?ﬂ‘g% eﬂlsgge?ﬁfﬁﬁﬁ] l?%g[gpé'rlgm t circuitry
in step 312. Reﬂnmmrswne@fo sk host diigel k@d hbekdsvicenconmarisirgy: neasur enent i n

step 314 and nodul ates t he Ioo current Eq rﬁérp i g The c rrent-nodul ated 20
neasur ement £s dermdﬁIVQF%erﬁf% eh%“‘i) F°' CUb M rﬂe"SHaF?]é ire pair 202

in step 318 by @ﬁﬁircébeab@&t&ﬁlmyebmgm%ub@ aorﬁbsﬁ@{tr&elauarﬁmwr Ak of the

present invention has been .disclosed for Tllustrative poses, those skilled

in the art WPl | PERSSAERN A2iE Singls WirG RAIr SyEngammMuniaation of S%.’Eld"irﬁt rgReteind

substitutions agRnBP®Tall Kost\WeliB®UWndg2S departing fromthe scope and spirit of
the invention as disclosed in the acconpanying clains. It is al so possible

that other Hénefits Bifirsifest errenhde-magulaion anerehie &9 dewtpduiatesaiddistu | | become
apparent over tkéFﬁote\sé"é?n | FromdaAYd E@%Ht%omjpon %’égj&}(&& ld%%'i’P}e%QhFonto a:

renote device via e wre pair, sal Wre r conprising a
first wire daad aa@@amlmwwprpgnr deigingl cpr@nmmicatlon of said first remote sugnal to said

host device.

2. A host device in accordance with claim 1, wherein:
2 said voltage reference and control loop circuit comprises:
a voltage generator which generates a substantially constant
4 reference voltage during communication of said first remote signal to
said host device;
6 an operational amplifier having a first input terminal coupled to
receive said reference voltage, a second input terminal coupled to
8 said first wire, a feedback resistor coupled between said output
terminal and said second input terminal, and an output terminal which
10 outputs an operational amplifier output voltage signal that reflects a
current that is passing through said feedback resistor, wherein said
12 operational amplifier operates to mirror said reference voltage
received at said first input terminal on said second input terminal; and
14 said first host current de-modulator comprises:
a filter which filters said operational amplifier output voltage

16 signal to recover said first remote signal.
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device conprising first renote signal generation circuitry operable to 4
generate a first renote signal and a first renote current nodul ator operable
to nodul ate a current conponent of a power signal present on said single 6
wire pair with said first renote signal when said first renote signal is
comuni cated to said host device, said host device conprising: 8 a voltage
reference and control loop circuit which generates and enforces a
substantially constant voltage conmponent of said power signal 10 present on
said single wire pair during comuni cation of said first renote signal to
sai d host device; and 3.2Aandst dsvicdhimsdccortanea withelaimdy lcatnprisingper abl e to

de-nodul ate said first, renpte signal fromsaid current conponent of said
power signal pfesent d?pstf@nggg@eg%ﬁwcgrcwtl?/eopﬁéqq?e Eﬂﬁ‘?’}?éatf?%fﬁfs@&?[’on of said
first renote signal toagastturieasinodeants @petibldtchasduldewaiecirrerdccor dance with

2 Vol tabe genct ai SRR ShBTRRHES RraLer AN crarty S CanefERaY WO sidr ence -

vol t age during convatsigral white sdid vaitshd refarbnteand eorttiayfmlp direuit eafoccdsost devi ce;
6 an operational anplifier haw,{;ﬁ, first inpuyt_term nal coupled tto receive
sai d ref er ence® voP{tsintially capsiant Yofipdk CorBPAReTL e 8 hrYs" '?'8"% RS P st wire,
a feedback resi st giid eRigR Wire Bair WaRRy SatheuRlchioh of $hd Rbstalignanth sad eeraerond
input termnal, and an output term nal which 10 outputs an operati onal

anplifier outptt 9&i¢%ge signal that reflects a current that is passing

through said feedback jiesbiptdlid rehifE Qbfics 8bfhprides: operational anplifier
operates to mrror said reference voltage received at said first input

terminal on sad secorfremgiacurentdenaedulaten oparablg i@ de-medulatesiaid ipstent
de-modul ator — conggh§§Sm &aili cLirght ddridheht ﬁs%ﬁépaﬁérdsingééeﬁmsaapllfler

output voltage 16 signal to recover 'sal irst renote signal. -22 3. A host
devi ce in accor dagiogewinepail duringZonvawpeationray saidHwst sighglialsaiggamota i on
circuitry operabl&\\kc% generate a host signal; a host current nodul ator
operabl e to nodul at'e"sai d current

14

4. A host device in accordance with claim 1, comprising:
2 host signal generation circuitry operable to generate a host signal;
a host current modulator operable to modulate said current
4 component of said power signal present on said single wire pair with said
host signal while said voltage reference and control loop circuit enforces a
6 substantially constant voltage component of said power signal present on
said single'wire pair during communication of said host signal to said remote
8 device;

wherein said remote device comprises:
10 a remote current de-modulator operable to de-modulate said host

signal from said current component of said power signal present on said
12 single wire pair during communication of said host signal to said remote

device.

5. A host device in accordance with claim 1, wherein:
2 said remote device comprises second remote signal generation
circuitry operable to generate a second remote signal and a second remote

4  current modulator operable to modulate said current component of said
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4 conponent of said power signal present on said single wire pair with said
host signal while said voltage reference and control loop circuit enforces a
6 substantially constant voltage conponent of said power signal present on
said single wire pair during comunication of said host signal to said renote
8 device; wherein said renote device conprises: 10 a renote current

de- nodul at or oppowél signal piesamb ansaidesingle wirggsir wity %Fe‘w@rﬁe%t‘ﬂslﬂﬁ‘@fent

conponent of _sal,d pouct, 51,03k, Bf E3EBLoAN BRI sibRaitbBdlindd BB dndlur | ng

comuni cat i ofy o SIgna enot e evi ce . A host device
in accordance Wlth cdad hodt, devivrpoongirisgs: 2 host  si gnal generation circuitry

operable to generate a host Slﬁgﬂr?é'?}fd ga%g\(,:\é%g trgo&u%%glra% Lopapable to

modul at e sai 8 currer S&°¥Y naI resent on said single

wire pair wth saidhd repte §ng@éla+onm/eanbe:usandcom¢¢mmof edxépeweBSIan«’di control |oop
circuit enforces a const ant _vol ta ggg&; lad power

si gnal preséht BW‘?S@%W%‘?';@F@WF@ F“%F?'HB’%& |on 0 sal host

signal to said Ei§ARIE safd n&vugﬁceV\herel n said rem)te deV| ce conprises: 10 a
renote current dé-nodul ator op erable to de- aqnal from

d
sai d currenti2conponeXfersin said MOIEﬂﬂﬁéP eé?'b‘??a?”r% 0% OBr‘F'rg'é'Panftochf%m ngle wire

pai r during comguni&3ti®BoRtagBlditageeém bﬂé\ﬂ'of%@xd r GRyal eseiﬁ\nn:e 5 A
host device in acco gﬂangeow ?h cl glafn 1, §vvhere| n: sai d@ren‘g:te de

conpri ses seeonaald@mgléeWEe@ﬁ&ldugégléﬁ@mttﬁ'ﬁanéi‘P&ﬁ'@ﬁ?c%ﬁeﬂﬂ @S{QB‘% erate a
second renote s 9 i@ second renbte 4 current nodul ator operable to
modul ate said cUfTent conponent of said power signal present on said single
wire pair with said second renote signal 6 during comrunication of said

second remte si gnale! R g eliash Aetidfice A gl luliNndovi ce comprises: 8 a

second host current de no ator operable to de-nodul ate said second renote
signal from said cursa@uoltagep'efwamcaﬁndsmfﬂf%&mrle§i“§;ﬁ%{FD"SES

a voltage generator which generates a substantially
4 constant reference voltage during communication of said first
remote signal to said host device;
6 an operational amplifier having a first input terminal
coupled to receive said reference voltage, a second input
8 terminal coupled to said first wire, a feedback resistor coupled
between said output terminal and said second input terminal,
10 and an output terminal which outputs an operational amplifier
output voltage signal that reflects a current that is passing
12 through said feedback resistor, wherein said operational
amplifier operates to mirror said reference voltage received at
14 said first input terminal on said second input terminal;
said first host current modutator comprises:
16 a filter which filters said operational amplifier output
voltage signal to recover said first remote signal; and
18 said second host current de-modulator comprises:
a filter which filters said operational amplifier output voltage

20 signal to recover said secons remote signal.

7. A host device in accordance with claim 3, wherein:
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1o present on said single wire pair during conmunication of said second renote
signal to said host device; 12 wherein said voltage reference and control |oop
circuit enforces a substantially constant voltage conponent of said power
signal present on 14 said single wire pair during conmuni cation of said
second renote signal to said host device. 6. A host device in accordance with
claimb5, wherein: 2 said voltage reference and, con circuit conprises:

{ rol |00
a vol tage gemerator il EeMgterdaviRecoMPrisgsSESRNRd i ﬁ'gealr%et%gﬁgf“opeference

vol tage during EPWE &hbRNoYendpitél alseboid ranedtBlsRnal @ithh steorsiaiedndtest devi ce;
6 an operational anplifier havi ng a first input term nal crgugl ea to receive
sai d referenee voirertgapdulator operablertpumodyiate SHdATeAbEYNRA B OESFH first wire,
a feedback resi | inGk ird it Sids8@nderaehot@b@naecond

i nput term nal, %E\%r %ﬁﬁﬁgﬁg%eur{?gh}@%ﬁgerlﬁ@%ﬁ I chl_ out puts an oper a?i onal

anpl i fier ousputiusing tagmusioghiah of said seedridoemote signalteseaid st deWcgaand ng 12

t hrough sai d feedback .resistor i.n. said operational anplifier operates
to mrror said referdid -°§€($%Vécgee(%r§f3\gfed at 14 said first input term nal on
sai d second gnput tesseomid hostaudedt desmobiulstor operadle tordsduodulate $idpri ses: 16 a

filter which filters, said operational, a { LA ; ygnal to
recover said fi FE?OWderﬁHioge §§%Bﬂgftf°,mgﬁlg %‘?%Igg{"é{%é%%ﬁgpﬁﬂg Blé’&f?@ﬂ?’ de- nodul at or
conprises: gof i bientbn shidfsindlente pairdurpg camimumidatianpf $4id secand femoteol t age

20 signal to recover said seconc, renmote signal. 7. A host device in
accor dance wi t hsignaltsgid ipidevige: - 24 2 said renote device conprises second

remote signgl, generalhgiin §if GHitddeyrefRen@AR Eeht@rDRpatreuiaesfeosasc r enpt e
signal and a second renote 4 current nodul ator. operabl e. to, nodul ate said

current conponesubsiantiadly gonglankyolteps samPePreR& salgPEr FIORHRIEECH YL pair with

sai d second remata Sifdddkre firdithing GorRHURHIBAT 88id@bcomd fnsets alghal tot e si gnal
to said host device; and

said host device.

8. A host device in accordance with claim 7, wherein:
2 said voltage reference and control loop circuit comprises:
a voltage generator which generates a substantially
4 constant reference voltage during communication of said first
remote signal to said host device;
6 an operational amplifier having a first input terminal
‘coupled to receive said reference voltage, a second input
8 terminal coupled to said first wire, a feedback resistor coupled
between said output terminal and said second input terminal,
10 and an output terminal which outputs an operational amplifier
output voltage signal that reflects a current that is passing
12 through said feedback resistor, wherein said operational
amplifier operates to mirror said reference voitage received at
14 said first input terminal on said second input terminal;
said first host current modulator comprises:
16 a filter which filters said operational amplifier output
voltage signal to recover said first remote signal; and

18 said second host current de-modulator comprises:
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sai d host device conprises: 8 a second host current de-nodul ator operable to
de-nodul ate said second renote signal fromsaid current conponent of said

power signal 10 present on said single wire pair during comrunication of said
second renote signal to said host device; 12 wherein said voltage reference
and control loop circuit enforces a substantially constant voltage conponent

of said power signal presgfiteravhicH fites8isdidipeeatnal areplifer outhut voltageommuni cat i on
of said second renote si g[nal to said host devi ce.|8. A host device in
accordance WPth cl ai #P72IQARFAPRSA Sgﬁ?%ﬂ%’?q 439" "Pef erence and control | oop
circuit conprises: a voltage generator which generates a substantially 4
constant reference voltage duri nﬁ Co 1 ni catjon .of, said first renote signal

to said host device; 96AdIPSbPRYISR PiwiihelaifL L, GegRISINGr st i nput t er i nal

coupled to receive sghd S RhLEEERGSINPEIFRER: operatsie @ dendratd a Rostasignanal coupl ed
to said fi rstg wre, a fgegglba%k resi stor ?ou‘foél ed bgtween sai d out put term nal

and sai d second i npua hoetvaltage modupterepesable e pleduiads ARIAACB@R ch out put s an
operat i onal - anplblibBhe iRk Nl 3haPh@d8h dif'eid SRGlARHS pair Gihisal that is
sai d feedback re er

passing 12 throug _ resistor, ein"sal d operati onal

anpl i fi er oper ahest signatiduring cemmynicatien eheaid hest dgal fesaid ye@oladeMcC&ai d fir st
input term nal on saj ong rd tqdvREd isegSaid first host current

nodul at or coﬁpri ses?wﬁ%ég{:%]?{erﬁ&%hq cﬁ%ﬁoﬁ?der?sgssai d operational anplifier

out put vol tage si gnaremotervatiage de-sagdiilatpr eperpblade dednegidate saithhasl sai d second

host current , de. gl 8t QiSRS R8Rbpfefld S50 I il beSSpeg ghygper at i ona

anplifier ou?pu?‘g\') o recover sald“econd renote signal. 9. A
host device in singlrwizgapair dutify corammmitaticoofsaid host:sighahtessaidirgmate generati on
circuitry operable to generate a host signal; a host voltage nodul at or

oper abl "t o 'AoddFP¥E® sai d vol tage 4 conmponent of said power signal present on
said single wire pair with said

10. A host device in accordance with claim 9, wherein:

2 said voltage reference and control loop circuit comprises:

a voltage generator which generates a substantially constant

4 reference voltage during communication of said first remote signal to
said host device;

6 “an operational amplifier having a first input terminal coupled to
receive said reference voltage, a second input terminal coupled to

8 said first wire, a feedback resistor coupled between said output
terminal and said second input terminal, and an output terminal which

10 outputs an operational amplifier output voltage signal that reflects a
current that is passing through said feedback resistor, wherein said

12 operational amplifier operates to mirror said reference voltage
received at said first input terminal on said second input terminal; and

14 said first host current de-modulator comprises:
a filter which filters said operational amplifier outp: t voltage signal to

16 recover said first remote signal.

11. A host device in accordance with claim 9, wherein:
2 said remote device comprises second remote signal generation

circuitry operable to generate a second remote signal and a second remote
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host signal during communication of said host signal to said renpte device;, 6
wherein said renote device conprises: a renpbte voltage de-nodul ator operable
to de-nodul ate said host 8 signal fromsaid voltage conponent of said power
signal present on said single wire pair during conmunication of said host
signal to said renote 10 device. 10. A host device in accordance with claim
9, wherein: 2 said voltage reference and control |loop circuit conprises: a
vol t age generator which generates a substantially constant 4 reference

vol tage during co ni i.on of i,d f] [.e ' i.d host devi ce;
5 an" oper at | Bnar T s 8hadraBRLe miodufhe SENR-fel Hiporet o, 0°°! ecel ve
sai d reference povétrgjgnal presendnd skidmingle aimgipailwithosgid eecand remetd dlighak st wi re,

a feedback rgsi alHe 8&H1%Lﬁﬂa{?§r[ el g&oﬁqﬁghﬁk’%ﬁigﬁﬁr@s?ﬁ' hddPfeidl dpecond

i nput term nal, ah outp erm outputs an operati onal
amplifier output vol4$aighostiqpvite dohafriseef | ects a current that is passing

t hrough said feedback resistor, wherein id 12 erational Lifier
operates to Hirror S%p@p%@séﬁ%réeg;&efraaitﬂapéggg@g@ tﬁft eé@?@”'?é?%'di nput
term nal on sai gegReaBEhotBhaltfRIMEaE! currdRtcokdpdiintlof 44i¢ bohesdigsalr rent
de-nodul ator conprises: a filter which filters said operational anplifier

outp' .t vol figePEISgREIN $35d sngle Wik pak dudngicommenication pksald gerand remotey post
device in accor gangeoWhldhdsk gbved. Wherein: 2 said renote device conprises
second renote signal generation <circuitry operable to generate a second
renote signa? and a wWeersindsaidreitage-re®rencea treblaap sirexit @pfeicabl@ to nodul ate

sai d current oouBaRaaP ok yoRAUEEaThenal PLAT GNP Boha fhosdighe i re pair

with said secon enot e’ sign conmuni ca second renote

signal to sa+d $aidisingleywice paimnddring adbimniscatide of said seeqnd repwte 8iganakiecond host

current de-nodu] r rabl e to de-nodul ate said second renote signal from
e Hoaf o

. e, ... . : . .
said current co sai d power signal 10 present on said single wire

pai r during conmunication of said second renote
12. A host device in accordance with claim 11, wherein:
2 said voltage reference and control loop circuit comprises:
a voltage generator which generates a substantially
4 constant reference voltage during communication of said first
remote signal to said host device;
6 an operational amplifier having a first input terminai
coupled to receive said reference voltage, a second input
8 terminal coupled to said first wire, a feedback resistor coupled
between said output terminal and said second input terminal,
10 and an output terminal which outputs an operational amplifier
output voitage signal that reflects a current that is passing
12 through said feedback resistor, wherein said operational
amplifier operates to mirror said reference voltage received at
14 said first input terminal on said second input terminal;
said first host current de-modulator comprises:
16 a filter which filters said operational amplifier output voitage
signal to recover said first remate signal; and
18 said second host current de-modulator comprises:
a filter which filters said operationai amplifier output voltage signal to

20 recover said second remote signal..
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signal to said host device; 12 wherein said voltage reference and control |oop
circuit enforces a substantially constant voltage conponent of said power
signal present on 14 said single wire pair during conmuni cation of said
second renpote signal to said host device. 12. A host device in accordance
with claim1l, wherein: 2 said voltage reference and control loop circuit
conprises: a vol t age13yendbat daviashictiplapénter ateesoig devisstvita siglewire @aiist ant

ref erence volta e . durj conmu
nost devi ce:? 6 S SREISPIERAY ARG TS & ipAdt nd bfsBbond RS, igtaiete |0 28 01 ed

to receive sai ddé\&éeec@ﬂpneswg)flnsagaenota smmbgeheramn ua:untefrcmaﬁableé@upl ed to said
e e B Leeiback, FRPIHAr sHREhGe S HURGR ARl pulRitludier M nal and said

second i nput*t e3FHFEAF, erni nal whi ch outputs an operati onal
?Lrpl i flh er ogt Pu(t; deggb[EQg@e&hgdnﬂétethStlsegfnlaemm acwrant eampphent df & gEedi ng 12
rough sai eedback resisto erein said ope nplifier operates
to mirror safd ?'E'F@lpé‘?ﬁ?é‘t\‘fﬂlsﬁgg%mg(‘f"érevpeadr ‘ﬁ?erﬁ%é %p%@& stsal nput ter mpnal on
igl d fselc;)nd mp%mﬁermhfw to safPlethdté Havich osid bwtrdenice(mn'rmldm\bat or conpri ses:
a filter i
iC ilters sajid oper at i onaLQarrpl i ftwhlcﬁ or%es gl tage signal to

recover said8first raexdtagedelgriice akconioLiorn cugy Ut fent de- nodul at or

conprises: a f'é&t%'iarwaweoﬁétéﬁt%&agebanpwmtowe@alpowaasighamresmtmn vol t age
signal to 20 recover said second renote sig devi ce

coupl abl e tae a saidsirglewive ee*rduanecemﬁyln@a&m ef fo%ﬁ’rf"st @“Q*Q W@ﬁ%?%‘dw re pair
conprising a fifpsh JM i A a second wire, said renpte device conprising
first renote S|gnal generatlon circuitry operable to 4 generate a first renote
signal and azfirst rimsbsignalgenemtioneinepiyioperble ippganaste B Rstsi@ate a host

T2 U e AR holliaforBBRIIe b Bbafale fueeaRinion sal d singl e

Wi re pair when said nal nicated to said renote device, said
host devi ce won‘pmmpomﬂyt of sald power signal present on said single wire pair with said

host signal while said voltage reference and control loop circuit enforces a
16 substantially constant voltage component of said power signal present on

said single wire pair during communication of said host signal to said remote

18 device.

14. A host device in accordance with claim 13, wherein:
2 said voltage reference and control loop circuit comprises:
a voltage generator which generates a substantially
4 constant reference voltage during communication of said first
remote signal to said host device;
6 an operational amplifier having a first input terminal coupled to
receive said reference voltage, a second input terminal coupled to
8 said first wire, a feedback resistor coupled between said output

terminal and said second input terminal, and an output terminal which

10 outputs an operational amplifier output voltage signal that reflects a
current that is passing through said feedback resistor, wherein said

12 operational amp! “ier operates to mirror said reference voltage
received at said i+ . ir ~ut terminal on said second input terminal.

15. A host device in accordance with claim 14, comprising:
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8 a voltage reference and control |loop circuit which enforces a substantially
const ant vol tage conponent of said power signal present on 1o said single wire
pair during comrunication of said first renpte signal to said host device;
and 12 host signal generation circuitry operable to generate said host signal;
a host current nodul ator operable to nodul ate said current 14 conponent of
sai d power signal present on said single wire pair with said host signa

whil e said voltage reference and control loop circuit enforces a 16

substanti al |,y const aiy, ol 895 RUMRARAILCPboEBhE BUEhosyaAl rf eoent on sai d

single wire ion o ost si to said renote 18
device. 14. A h@&tote:lelgnme‘rormsadcnmxrr&ahcmnlsmrtdmt gﬂsalwmer sigesl @regent nsai d

vol tage reference, and cant Licfe @g Ageodener at or
whi ch gener ates aéd §ﬂg|§t‘%Fﬁ ﬁg% ?lf/r%%p%o%éﬁan ra‘encet r\(/ao O;{agrg du?| ng

comuni cati on diossdedcd;i rst renote signal to sai d host device; 6 an
operational anplifier_  havi afs} Ay nal coupled to receive said
ref erence vdl t age, I'Eeé%Bﬁa Bl?#éﬁé\f'!r#n @%Lpl ed to 8 said first wire, a

f eedback resistor ccﬁmlrenhotmmgmrgeaenadommrqamom@fahiertalgeaﬁ@t%aald fsslcond i nput
term nal, and an out put term nal which 10 outputs an operational anplifier
out put vol t dge EMM&PGPAAt reflects a current that is passing through said

f eedback resistor, Wﬁﬁr‘eﬂwo‘i@bdﬂeﬂt%mtaﬁbpmaﬂ)lewﬁi'dderat@padaﬂ.leento mrror
said reference voltage received at said it i m nal on sal d second

i ut
i nput term Hal C%‘SDOUQ”hB%?a'%BQY"E%S'Q‘P?'Q&%”H&'P\é%‘dvﬁi”igie E’I‘rﬁlpﬁirfﬂ B%prising: -28
2 a first host gyl ieRitke dRnENGMIcAN valRgE ableferice he-dopttul labe ciacdii rst  renote
signal fromsaid current c onent of said power sugr*aeﬁ%fresent o 4 said
si ngl e wi r etai ¢nfargep ﬁgs‘-@é?ﬂggﬁliyc%”ﬁ@ﬁ‘t ¥eltagsiG@mMAoneptQ Bo%?rgsr%a to said
host device; 6 WaeL®idh Sid glngl%rWFépQ?é(urﬁ% SPRRGniE&Ton dfisaid firsEigesi gnal

generation circuitry operabl& to generat€ said first a renote signal;
14 signal to said host device.

16. A host device in accordance with claim 13, comprising:
2 a first host current de-modulator operable to de-modulate a first
remote signal from said current component of said power signal present on

4 said single wire pair during communication of said first remote signal to said

host device;
6 wherein said remote device comprises:
first remote signal generation circuitry operable to generate
8 said first remote signal;

a first remote current modulator operable to modulate said current

10 component of said power signal present on said single wire pair with said
first remote signal while said voltage reference and control loop circuit

12 enforces a substantially constant voltage component of said power signal

present on said single wire pair during communication of said first remote

14  signal to said host device.

17. A host device in accordance with claim 1. wherein:
2 said first host current de-modutator comprises:
a filter which filters said operational amplifier output voltage signal to
4 recover said first remote signal.
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a first renote current nodul ator operable to nodulate said current 10
conponent of said power signal present on said single wire pair with said
first renote signal while said voltage reference and control loop circuit 12
enforces a substantially constant voltage conmponent of said power signal
present on said single wire pair during conmunication of said first renote 14
signal to said host device. 16. A host device in accordance with claim 13,
conprising: 2 a first host current de-nodul ator operable to de-nodul ate a

first renote S|gnal1grg%§@& Icceuih =Yy ofo] 110 ﬁr&alrgf13§g¢1§ e?rpwer signal present

on 4 said single wire parr ' ng cormunlc I on of rst renote signal
to said host devi cesa|cBrQMWBeiemcsa:ompnee$)Beccuw\newte:slgpahmrattb'nrst r enot e

signal generat| SR uﬂ%c?p%rgélg tc?@%&g e aggﬁ:cﬂ]%{]r%ﬁ?ottgspa?lsﬂoda %ééoﬂd eRBLe signal;

a first remote €U dl"atfor opera nodu e sal curren 10
conponent ofas sactﬂrqmvmdmmgrn@nerpblesmmod@hatemtd sgidggoondirersoisadignalisald sai d

first renote si i circuit 12
enforces a subs%gﬁ%nltaf) B%ﬁtsc? E%J 60%?% Sg(g-la?é'%ggﬁte&?gla §%|?1§|5é3w5% @ si gnal
present on sai ddming}tcﬁmrvmmeamm of shin sexpndormots sighaido seid st de\flce snd enote 14

signal to said host de 17. Anh device in accordance with claiml,".
wherein: 2 said fi rsﬁ'a/h%%tdec\fﬁﬁrcgmp?%é?mduI ator conprises: a filter which

filters saidgoperati®gedondiost éurednt@etrpodulater bpgrabk tgri-mbdulate ssg¢over said
first renote signal. -29 18. A host device in accord wth ,cll_r@i m 13,

wherein: 2 sai ds?@%trém&@?'ﬁ%alé@%??'gé’é‘rrgﬁtc%’rﬁ'épqr?r‘?ﬁ? s§$89\g§r YaP¥r ati on

circuitry oper apfle8ehtriSdI@EmgR: Wirs Fgueadmﬁgaaamuﬁlcgn@h of¢Hild desdiBehdtenot e 4
current nodul ator operable to nodulate with said second renpte signal said

current conponeHgNYYfto §AFNIFHARYCRi gnal present on said single wire pair 6

during comui cati onydremad=ii SRR GefcPsictarl divilol foep TRtalt BeRicedeyi ce; and
sai d host device conprises: 8 a second host current de-npodul ator operable to
de- nodul at e saj gHbstantially constant voltage component of said power signal present on

14 said single wire pair during communication of said second remote signal to

said host device.

19. A host device in accordance with claim 18, wherein:
2 said voltage reference and control loop circuit comprises:
a voltage generator which generates a substantially constant
4 reference voltage during communication of said first remote signal to
said host device;
6 an operational amplifier having a first input terminal coupled to
receive said reference voltage, a second input terminal coupled to
8 said first wire, a feedback resistor coupled between said output
terminal and said second input terminal, and an output terminal which
10 outputs an operational amplifier output voltage signal that reflects a
current that is passing through said feedback resistor, wherein said
12 operational amplifier operates to mirror said reference voltage
received at said first input terminal on said second input terminal;
14 said first host current de-modulator comprises:
a filter which filters said operational amplifier output voltage
16 signal to recover said first remote signal; and
said second host current de-modulator comprises:
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second renote signal fromsaid current conponent of said power signal 1o
present on said single wire pair during comuni cation of said second renote
signal to said host device; 12 wherein said voltage reference and control | oop
circuit enforces a substantially constant voltage conponent of said power
signal present on 14 said single wire pair during conmunication of said
second renote signal to said host device. 19. A host device in accordance
with claim18, wherein: 2 said voltage reference and control Ioop circuit

" of or ence vil {age g TR0 EBRTIR R ohe aroel Snefreindchaue ¥arae oM g

host device; 6 ragovepesidisecond rempteisigrat. having a first input term nal coupl ed
to receive said reference voltage, a second input termnal coupled to 8 said
first wwre, a feedback resistor coupled between said output termnal and said

second input term nab, AanektaBviedipadécoréantenvdih oMicts, widreint put s an oper at i onal
anplifier output voltage si gnal, that reflects a current that gs passi ng

t hrough sai @ f eedbadRid r@g"ogq gRVicR\FRIPRIISESS2PANd NS SIGNR SRR i £ er

operates to m IdiRfitr§ Jptrabhd &F @Herats §e%6ﬁd réra6tel Sl ahd aaiedoid Ferhoienput
term nal on said second jnput term nal said first host tﬁ#rre

t
de- nodul at or4 cd—‘r\*ﬂreﬂg@@‘”étquolpﬁ@b'%‘ﬁ "Bﬁd"f"?'iet%%' cwian copePaeM &R anml i fi er

out put vol tage po]rs%r%Igﬁaﬁalflﬂ)rets.Qntrcﬁ*Ps‘»M?§|n§%‘\Mréc ;bélﬁ\tvntlﬁ §Q‘Bts%c§thcﬂfélﬁote%r§11aﬁal d second
host current de-nodulTator conprises: - lter which filters said

oper at i onal eam;durmg@prrwrmatlomftsalg@e@p@dwmmqt@ S'Q“ébwd Bestdleyiceoandr enpt e

signal. 20. A host ggyj(ﬁo% Q\{l@@ﬁ% e Wth claim16, wherein: 2 said renote
devi ce conprises second renote si generation CIrCUItrK operable to

generate a second remetcen@hgﬂeﬂurr&ntid%rnmw openaitie to de @Sﬁﬂdul at or
ble t I t
operable 1o ModaleraRb S FOl, SUTBMERCoRboRE LRSI 4l Pr esent on

said single wire pair w urin commm cation
of said secand mesmtt@nssaghahglta@w&a)at dwoing odmmmat@ncbf said second remote

signal to said host device;
12 wherein said voltage reference and control loop circuit enforces a
substantially constant voltage component of said power signal present on
14 said single wire pair during communication of said second remote signal to

said host device.

21. A host device in accordance with claim 20, wherein:

2 said voltage reference and control loop circuit comprises:

a voltage generator which generates a substantially constant

4 reference voltage during communication of said first remote signal to
said host device;

6 an operational amplifier having a first input terminal coupled to
receive said reference voltage, a second input terminal coupled to

8 said first wire, a feedback resistor coupled between said output
terminal and said second input terminal, and an output terminal which

10 outputs an operational amplifier output voltage signal that reflects a
current that is passing through said feedback resistor, wherein said

12 operational amplifier operates to mirror said reference voltage
received at said first input terminal on said second input terminal;

14 said first host current de-modulator comprises:
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sai d host device conprises: 8 a second host current de-nodul ator operable to
de-nodul ate said second renote signal fromsaid current conponent of said
power signal 10 present on said single wire pair during comrunication of said
second renote signal to said host device; 12 wherein said voltage reference
and control loop circuit enforces a substantially constant voltage conponent
of said power signal present on 14 said single wire pair during comuni cation
of said second renote signal to said host device. 21. A host device in

accordance with clai m 20, aeLRIcR filters %?@%ﬂgéﬁé}%n{p‘ﬁfi@ﬁﬂﬁlﬂ V@ﬁg?_gont rol | oop

circuit conprises: a voltage generator ~generates a substantially
constant 41¢ ef er encignabta mgevetsaichiystemmiasigaal éndof said first renote signal

to said host device,.p an erati I L.l ing a first input termnal
coupled to recei ve S éﬂﬁ%lecrogﬁz‘lpéﬂ%lgp%gFF%@%dlébgé%rﬁ%eghput term nal coupled to
8 said firstgwire, a fikeddkilleessait opecatiopsletnfifieneeatpuswlitge sigmat to t er mi nal
and said second in\F d.an ,output termnal which 10 outputs an

ut %ﬁ%m ngl a i
oper ati onal anpEFPYR SR TGHINAVBTPE U9 gnal that reflects a current that is

passi ng through said feedback resistor, wherein said 12 operational anplifier

operates to mrror i d reference volt.age. receiv | o Pl i nput

termnal on said se??nda‘ H%*ER {géF'ﬂ?mﬁ'pg%@nggico(?h?'g%s?%ﬁ%@&é%rér@]

de- nmodul at ory comgpidte davice, BhidihddtIdesice sind Gaid rehicte devied dommeeted byaal anplifier

out put voltage .16 signal to recover. said first renote signal' agd sai d second
id

host current deSIRGIAWIRRAT CRIMRIISING:A firsi wirg anda SaconA wite, AY saiddos

oper ati onal @”p&é\;ideeéufpfbﬁriq::é pYRbf SigRalZo 'lsingca cUrRGR¥BMpsAGHt #haeend renot e
signal. 22. A nethod for channeling signals between a host device and a 2

remote device, “HPae gempoent tesakivgmele deviegpyer sgid single WiigRalt 88ichy a singl e
Wi re pair coypriained c%"fd'r{sﬁ‘%vw re and a second wire, and said host 4 device
supplying a power signal comprising a current conponent and a
at said host device, holding said voltage component of said power
8  signal present on said wire pair substantially constant;
at said remote device, generating a remote signal,
10 at said remote device, current-modulating said remote signal with said
current component of said power signal present on said wire pair; and
12 at said host device, de-modulating said current component of said power

signal present on the wire pair to recover said remote signal.

23. A method in accordance with claim 22, said method further
2 comprising the steps of:
at said host device, generating a host signal;
4 at said host device, current-modulating said host signal with said
current component of said power signal present on said wire pair; and
6 at said remote device, de-modulating said current component of said power

signal present on said wire pair to recover said host signal.

24, A method in accordance with claim 22, said method further
2 comprising the steps of:

at said host device, generating a host signai;
4 at said host device, voltage-modulating said host signal with said

voltage component of said power signal present on said wire pair; and
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vol tage conponent to said renote device over said single wire pair, said 6
nmet hod conprising: at said host device, holding said voltage conponent of said
power s signal present on said wire pair substantially constant; at said
renote device, generating a renote signal; 10 at said renote device,

current - noduy atatngic@intbte devite, da-modllating baid aptageceamraiient BhERIRERWESHf sai d

pover st gnal presenty on o3 dotie DRI froBlih: Lacdospafialiost devi ce.

de- nodul ati ng s 0 of "salrd power Signal present on the wire
pair to recover said renote signal. 23. A nethod in accordance with claim 22,

sail d method further .2 comprising i he, ot GRS aln 23! sSarkhaThudiey i ce.

2
generating a host sizénzﬁ‘ evice, turrent-nodul ati ng said host

signal with zsai&,m&;gq,{gemés@gjmnent of said power signal present on said wire
pair; and 6 at said renpte device, de- rmgul ati ngrﬂiai d curr%gt conponent of

sai d pover signal mteadiemeie deyice. @ereralag A SeEONLERNYAP SR host signal . 24.

A nmethod in accordang@aiirbiofd dévide 2urreitflodBatraisdid sbdmrd rethaterigniabi ng t he
steps of: at said host device, generating a hogst si[ﬁ%(r%al' 4 gt .sai d_host
| DTSN O PR!

devi ce, vol t agewithoerif gUTAR comRreneptef saidRAvenigna ¥ ponent  of

sai d power signgly present on said wire pair; and -32 6 at said renote device,

de-nodul ating said vol tage conponent of said power si %ga} $)resvt-‘:}m,; on said
wWire pair to reaionishesiidgvisesie-giogHiating sajd cHITRRE ¢PIIENLALIFIRRYE Wit h clai m

22, said rrEtJ]Odsi@‘}%tpP@srent én %%r\ﬁfr% Phin® fRBvérBiRPsétondabmst slghainot e devi ce,

generating a sec renote signal, 4 at said renote device, current-nodul ating
said second renote signal wth said current conponent of said power signal

present on sai d_wi r&a} iy AlBliafal fithBim dYbaE mélRodmsimeat i ng sal d
power S

current conponent of”sai Ignal present on the wire pair to recover
sai d second 71 enzdreprisingnthle.st&® ofA nmet hod i n accordance with claim 23, said

method further at said remote device, generating a second remote signal;
4 at said remote device, current-modulating said second remote signal
with said current component of said power signal present on said wire pair;
6 and
at said host device, de-modulating said current component of said power

g signal present on the wire pair to recover said second remote signal.

27. A method in accordance with claim 24, said method further
2 comprising the steps of:
at said remote device, generating a second remote signal;
4 at said remote device, current-modulating said second remote signal
with said current component of said power signal present on said wire pair;
6 and
at said host device, de-modulating said current component of said power

g  signal present on the wire pair to r :cover said second remote signal.

28. A method for channeling signals between a host device and a
2 remote device, said hos: device and said remote device connected oy 1
single wire pair coi.- g a first wire and 2 second wire, and said host

4 device supplying ap wer signal comprising a current component and a
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2 conprising the steps of: at said renote device, generating a second renote
signal; 4 at said renote device, current-nodul ating said second renote signal
with said current conponent of said power signal present on said wire pair; 6
and at said host device, de-nodul ating said current conponent of said power 8
signal present on the wire pair to recover said second renote signal. 27. A
met hod in accordance with claim24, said nethod further 2 conprising the

steps of: at said renmpte device,.generati a seco e Sj ; 4 at said
renot e device, ‘&%qt?%ﬁpm?ﬁaﬁrl‘tatpisﬁ '&81038 gggg%avéres%{%nél?gmﬁéﬁ peﬁ%%?@ said current
conponent ofs sandthpdwemmsisgigal present on said wire pair; 6 and at said host

devi ce, de-nodul ating said rrent conponent of said power 8 signal present
on the wire pair to S?@MEHE\QF% second remote signal. 28. A nethod for

channel ing s gnal s bet we@pldind'@sid veitigecnistthedt ofZsdi® poler sigvdl peeseri d hos
device and said renmote device connected by 3 single wire pair ca: ig a first
wire and a second widnesaigwiepairguhsiantially ceastadt suppl ying a p ver signal

conprising g current CO”%QH&%Ein?‘B%o%téigﬁaIV%& age conponent to said renote
device over said single Wire pafr, said & method conprising: at said host

devi ce: 8 holding said veHrerfemedupiingsaid bpstsugnal pitfeaidkeyigt present on said
W re pair suybstanti ({ala! b | Btd<adt 8n BeRtwiRd Sl langand
current-nodll'ﬁbati ng ?gﬁohosfafzdl%dn% ‘\a/vité}%gfj%current 1‘2 I%:morrﬁ‘(f)]nent of said
power signal presentatgaidgamoteievdcesair; and at said renote device: 14

de- nodul at i said curre ?‘E}EQ%? ' \ ' ei?ﬁfﬁ on the wire
pair to recgger sai d hostag'sr}qg&r;[g : .I&) ”@%’i‘%ﬁ‘%}gﬁéﬁ@g”?@%%@érw GlcI ai m 28,
sai d nmet hod further présandoprtheivrg pairdo seaoer gdid host signal.

29. A method in accordance with claim 28, said method further
2 comprising the steps of:
at said remote device:
4 generating a first remote signal;
current-modulating said first remote signal with said current
6 component of said power signal present on said wire pair; and
at said host device:
8 de-modulating said current component of said power signal

present on the wire pair to recover said first remote signal.

30. A method in accordance with claim 29, said method further
2 comprising the steps of:
at said remote device:
4 generating a second remote signal;
current-modulating said second remote signal with said current
6 component of said power signal present on said wire pair; and
at said host device:
8 de-modulating said current component of said power signal present

on the wire pair to recover said second remote signal.

31. A voltage reference and power loop control circuit for supplying
2 power and channeling signals from a remote device over a single wire pair,
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at said renote device: 4 generating a first renote signal; current-nodul ating
said first renote signal with said current 6 conponent of said power signal
present on said wire pair; and at said host device: e de-nodul ating said
current conponent of said power signal present on the wire pair to recover
said first renote signal. 30. A nethod in accordance with claim?29, said
met hod further 2 corrpri sing the steps of: at said renpte device: 4 generating
a second renote_si current - modul at.i .sai | with said
current 6 corrp?ﬁﬂ%%'t”g WILS, AT SRMRPSILY g ?Q%'feg%ngjﬁg%%mga‘&'ﬁmgrﬁeéhﬂg}rg and at
sai d host dewvi cgevidk c#ﬁeramdud)mcdn]gatsalodrremrcrcemnoneohptmeowemlglwlpdeqzﬁmer si gnal
present on the w rg air to recoyer said second r eno I'D . 31. A voltage
Id|s £°°'§ %5'

reference and podh& WERPAEIWIE; 3 Ete pighals 5IFIATEY r and channel i ng

signal s fromg a renptyslageyenetss vwhich Q@ﬁe&amraerefmeme voldgesai d single wire
pair conprising a first wre and a second wre, sai evi.ce operable

to nodul ate a currerfn QRAPNEhaMBHIeL hﬁ&%@@ﬁs’?‘dﬂ%‘l‘" t%r,rr@gglrﬁoup@ﬁgé?coe T ngle wire

pair with ag ef@éuﬁfr ?@?@é voﬁé’déi aCée'behw fnp&PfERhingl &ﬂnplé‘dfb i firgRiraener at or
whi ch generates erence volta an operational anmplifier having a first

i nput termnal f@@dbﬂi%eﬁ'étqf@éél?'ﬁ@ eBV%a&‘l Hi¢ Q‘F"Eﬁbtﬁﬂ'é'"ﬁbﬁ'ﬂdaﬁ%d sgcd¥tond i nput
term nal coypl ey, &ﬂeﬁﬁindl bhash th;Stﬁ t@rmlfﬁéﬁﬂmp&tfa@@aﬁtéﬁerml% phséveen said

out put term nal sal d ' second input termnal, and an output term nal
whi ch out put's awtgpte\rcdtag@ﬁmlnabthpt reﬂe@sa%u@pmhamnaég@gsth@ﬁah s@idat reflects a
current that, is iifi Ses tVhfr&i dhigai d
oper at | onalt‘ eB??%ém%B%{er’gﬂgg&teg’aénﬁdr gxéerrgsgr?ag%ﬁ!ﬁl ép%t(ge 30I tage recei ved at
said first i npu:teferenm vaitagerreseivetl atesaithfirst unputterrmmatm adid secorth@patfil ter
which filters said. rational anplifier output voltage signal to 16 recover
sai d renote'&i g gﬂm%?,eana

a filter which filters said operational amplifier output voltage signal to

16  recover said remote signal.
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