| MPROVED STRUCTURE CABLI NG SYSTEM FI ELD OF THE | NVENTI ON The present
invention relates to structured cabling systens and nore particularly to
structured cabling systens used in |ocal area networks. BACKGROUND OF THE
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Today, every network element device that is not self energized, ie., includes
an internal or external battery, requires a connection to a source of electrical power in addition
to one or more network connections. The requirement of network devices to connect to a
source of electrical power complicates installation and makes it more costly. In addition, it
limits the location of network elements to locations where electrical power connections and
data network connections are available. Ultimately, two separate networks must be built and
maintained, wherein each network is connected to the network device. One network supplies
electrical power distribution and the other network supplies connectivity to the data
communications network.

Further, for network devices to cperate during partial or complete electrical

power supply interruption or failure, each network device must either incorporate an internal
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such és with IP or LAIN tel ephones, the nunber of network devices that
nmust operate during building power failures may be very high. Thus, it
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communications in any way; (2) electrical power on the LAN infrastructure should not
introduce any possibility of harm or risk to users and network maintenance personnel; (3)
electrical power over the LAN infrastructure should not harm or cause damage to standard
LAN equipment which is not designed to receive power from the data communications
network; and (4) the addition of electrical power over the data communications network
should not degrade the reliability of the network.

Systems for delivering data communication signals over power networks are
known in the art. Power line carrier systems are well known and function to superimpose
relatively high frequency data signals over low frequency power cabiing. These systems,
however, are designed to operate over power lines that are very different from the LAN. The

LAN medium is designed and constructed to carry data communication signals. Thus, the
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high levels of electrical power. This is very different from superinposing
| ow energy |l evel data comrunication signals over power |ine networks. A

bl ock diagramillustrating an exanple prior art data conmunications

net wor k wherein network devices are coupled to the AC main utility power is

shown in Eibles, caectdBl Sn@Xadplce chelinprkd itemidi sieticedart Qot Hisislen ab @atdie
ound in a LAN environnent.
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| hub/ swi t c is also.co toas SQ [

olectri ot atoB vt s Rins Erdee36ha ity o bt or & PR s 200 o
Veb canerzps, 3q28r t abl e conputer 3048 and | P tel ephone 3052 are coupled to
LAN hub/sw tch 302Q_ v rk data only connect s 3047, Vide nmer a
3044, portabl e- conpit iﬂ‘éga%g ﬁatef Iz”omt‘élceﬂﬂﬁ‘ﬁ ERSIrI@‘ éé’ﬁﬁ@'&%l&'&%@g
source of308& povediep ‘beﬁ’esef';@@t rab_e;@l laftopl &% &9&6190&%0.:0:31%& 3o3ne&meaéskw@| y. It
is noted that each n wor k- device requires separate_ data comuni cations

connect i cﬁemamré%fbﬁﬁe%qupﬁﬁ tod-AlN wBWchbﬁO@ watpetvek gEwesnnetings 398 h
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cabling to conventional hubs, switches, routers, etc. Electrical power to

each net ViBrilerhops 3e28, 3436 pepthle gompuier 03P @n@ﬂﬁsﬂcgonﬁonm@eﬁépﬁéarerce@@ﬁteac| es.
Thus, eaQBa@&hwéééq@g&b&%nm%m&@ Bﬂgé)}’d“‘ée?os"é‘ §éb4a§%lz,e1%§ﬁec&%}9¥.ut ility hook
at e secon

ups: one to the comuni cat | network” and”t o the AC
el ectrical power n&hebAR MGUVWIERB L isTalR CAUpRNTD @\eirete spersent AiCnD@’r‘ﬁtfi on

et vor kS ar o e ROE RN b RR (E B e YL e PR B Fed] U

pr esent Ipmtairlt Icompmarni’utIMS sidhfh tedldpponealth2 are coupled to LAN hub/switch 3020 via
network data only connections 3047, Video camera 3044, portable computer 3048 and IP
telephone 3052 are connected to a source of AC power via electrical plugs 3046, 3050, 3054,
respectively.

It is noted that each network device requires a separate data communications
connection and a connection to a source of electrical power. The data networking connection
is made in the normal manner using standard LAN cabling to conventional hubs, switches,
routers, etc. Electrical power to each network device is supplied via a plurality of AC mains

receptacles. Thus, each network device must be provided with at least two utility hook ups:

one to the data communications network and the second to the AC electrical power network.

SUMMARY OF THE INVENTION

The present invention seeks to provide an enhanced structured cabling system
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are less costly because the nunber of required power cables, power
receptacl es and AC power supplies or adapters is greatly reduced. In
addi ti on, network devices, term nals and other networking equi pnment can be
pl aced without regard to the existence of or the |location of AC

recept acl egd 19AParsY BLERNOImlil\En PLERE Y srdvent i on al so provides for a
i'np
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connectin 1.t | network el.enent to its own dedicated UPS or to a
oered uphefitfhing ERLbRER cafl B YRLS SHRIP Gl Qo rh oo B0 B Bliirattmal S Cha
only a relreeptadeyy snal |l portion of the network elenments, e.g., hubs,
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This is inl,cont]r%st ?\(l)ﬁot.he lcgspr%e'nt met ho&%?%r%%%d ng ragri:lfppﬁt gogg U%‘?
ext ernal RABEIDthomtvpdes theulopNyinfrastuctureciqfar mere fftienthtbam sowectingleachce
recei ve cghiddaf h&aloho els : t ani,zati.ons such as

Under wri terts aLabor at glree%g %ﬁ.ﬂglcﬁ R%Igggeziebgg ?JP%t 3Ibeaﬁ egnlfl? RWRICE kIlmF’s An
beconi ng #8wEPtiGaridatievdidyopnn bhithe tipredyihdi ordy powetivady enalt petibANF he meivakt he

| P tel eph v Sou upLntery abl e power just as ordinary

anal og bage e[%tgl e "hglﬁbgs c'o{}]l(rélsgcrglgatars’t %}C‘t H%edP%iﬁ? 8?'[}“8&3 f%ﬂét}.ﬁw?tﬁa, SAEE 1% sur e

pr esent edutseminttdd powde sdile bes remaiaep asfathescritionl aashoretdaeidss rdcdive their

generatin ivering..a aging el ectrical power over LAN network
%{er&%ﬁé pofvﬁr 19 %F@Wﬁﬁ%ﬁcg’r

i nfrastructure a Yesi gned for digital comrunications

purposes. The i nvemtrotier foefdit | e tsPsteheSUOR FRYerP QSEnhbe idlitBitUhbanges t o
the data conmmuni cati onsocg,nd to maintain conpatibility wth the | EEE 802.3
and ot her ™ fE{EAFATS 208 (Co Pl MEEor HamPB LW IRIIET camRe sSAuEeshsinge elp@rig dosist

i nvent i orcadpewaleesd Wb oW vbRaged ARG dVeflted £QTRMUEALIONTIIEL MR K Strast - €
10 Mops, 100 00 Mops, which are naturally nore susceptible to

01 se. Pt RAEAHERNIEIFY PR S TaeR] i et dIURAN VAG BOwERURIPly BW t he
present Byt HAR thakanolNiQiRGequt cehk}?cahbﬁﬁbga&deo& théke GBRIE. Ar&%ﬁ%ﬁ’ﬁohgposed
by nodern LANs, i.e., hundreds of meters versus kiloneters~in”Public
Swi t ched Stell @gesdgewriters Laboratory (UL). In the case of IP telephony, which is becoming more
and more popular, providing power over the LAN permits the IP telephone to have a source of
uninterruptable power just as ordinary analog based telephones connected to the PSTN enjoy
today.
The disclosure presented hereinbelow describes an apparatus for and methods
for generating, delivering and managing electrical power over LAN network infrastructures
that are primarily designed for digital communications purposes. The invention functions to
reduce any possible disturbances to the data communications and to maintain compatibility
with the IEEE 802.3 and other relevant standards.
The power over LAN system of the present invention operates with high

bandwidth data communication networks, i.e., 10 Mbps, 100 Mbps, 1000 Mbps, which are

naturally more susceptible to noise, network bandwidth, near end and alien crosstalk. In
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Network (PSTN), Integrated Service Digital Network (1SDN) and High bit rate
Digital Subscriber Loop (HDSL) comruni cation lines. The invention

di scl oses novel renote power feeding nethods that are better suited for
shorter haul cable runs. Further, the electrical power distributed over the
LAN can be;gal) gL g)gesgrﬁ RGO ke OWMnld SAUENGHe Al RLLAYES e WH BN gbs& bher
case will Tnterfere mni malfy Wth data communications si gnal s.” The

el ect ri calmoplomel.Adle] i.ver Behdode of ivgersl aemut bitvrogiere at Poblss Eabrked Telgphpee
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communi cat 1 ons pairs (4 conductors) to i enent . 4 pallr (8
conduct or PuatibgdroopIHIBLO robmeabitern linss. uSkdinveniam dRclpges meve rengtotrowrsed f or

data co ni.cations, The electric ower, can.be transmtted using one or
nore of t eeedhngﬁ?egﬁl?/ﬁsrtgatﬁéeﬁbregg Sﬁ’ltffdgil hat’ \eirelfaﬁ/l?cafjg 'tHe data cable conprises
only two pair, thenFafierahedtatieibopavinribsedowet the BAN darulsd ddivenee a9 PG wo  of

the available pairs, i.e., the receive_and transmt _w res. Thus,., I

accor dancéf 3?‘? ﬁpﬁqﬁﬁnqyn@‘gnf' plepges WEJE&EIP Ui t%sed‘é’ﬂf%?rgeae W&Vn'agﬁng% Shat i on
of used aB&hﬁlﬁnﬂdﬂ&ﬁﬁdi{f&-‘%_SH‘B&ielpcaﬁéal%W%ddliﬂer&&@_vgr_@ﬁtcﬁtiﬁﬂﬁﬂiﬁﬂi&ﬁbhﬁmb@b| e.
There is thus provided in accordance with a preferred enbodi nent .of. the
present i AFeBt ITEPSTHIPG UENS QPR AT MOFHUSPALE PAR IHdthe galle hutsheraet fommymqaiions

nodes, copgauﬂé&a%ima, BARIIRY tFRipASEdnt N 418 (RlRELHYCRIgoRPslesort Dedblke hub
for providing data conmuni cation; and a power supply distributor operative

to providi wed| Gas? eumeroper vef fey ponsPrmBnistineadhe sfEicabpoyHecdl R al ity
of nodes Mh;?nsggtgf‘d ng%{ﬁ"ﬁle GRLhQD FaRL Il Wi BAR!  WieRGGRIAGRGR: WhiaNcable

preferred e the present 1nvention the conminication cabling

i ncl udes eemprisas onkyarvto pdir, dhest the clegirisel pewiriin gistripyted nysingt pd of q ket n
accor danc i . pr.ef . I t 3 Ny | power
supply dis %‘gg glrr Pllgﬁ%é(’:%? %%gﬁhﬁﬂit r?glfefiu'ugﬁ ”“Zq d?@?@ﬁ%ﬁe%@%ﬂegg‘é&éﬁg’nce

wi th a prpéweerrced bedbldodraianver ofy cohdinpliesefitsed amdennisd twistedpoinovires b Piey
distri butg)r IS Iocatted oFltsi de the hub. Mreover in accordance with a

pr ef er r ed*BAETAPHER B P'Re present invention the power supply distributor
is located partial |'Thend tshthos tpheided bin satorpaict ivath y posfersedd embdimbmtbof thet i | |

further in accordance with a preferred.enbodi nent of t.he, present .invention
he oper abERG! PO F e TSRt it Py S PPt S S s
some of  &alidy Bbineahdg! e PlﬂﬁhﬁSy M ridyd éto AneCIRIBNUNpro Giliing Mataabininigidaticd; Lutd s
backup power. Additjonally in accordapce wth a preferred enbogeiﬁrrent of the

present SPIWRTSHER'SAISHFRAQT PBerRHiE 1 AEQVISP HdFA' VOIRARATREE PORCTCORE SR al ST, the
power supptie Slusdify HSAEs vik NElbdRSnRarfcREBbIRR! -, and the communi cati on
cabling connects the data comrunicatiion . ) .
' Further in accordance with a preferred embodiment of the present invention the
communication cabling includes at least part of a structured cabling system.
Still further in accordance with a preferred embodiment of the present
invention the power supply distributor is located within the hub.
Additionally in accordance with a preferred embodiment of the present
invention the power supply distributor is located outside the hub.
Moreover in accordance with a preferred embodiment of the present invention
the power supply distributor is located partially within the hub and partially outside the hub.
Still further in accordance with a preferred embodiment of the present
invention the operating power supplied by said power supply distributor to at least some of

said plurality nodes via said communication cabling includes backup power.

Additionally in accordance with a preferred embodiment of the present
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concentrator via the conbiner to the nodes. Sill further in accordance with

a preferred enbodi nent of the present invention the hub includes a data

comuni cati on concentrator and wherein the power supply distributor is

also located within the hub Additionally in accordance with a preferred
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d
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cameras, .al ar,m sensors, "door ent ry se_rqggt?ls? %}g%gg(g eén(%r?g’r T i‘tshg,erS&Btt op
conput er $MVqIBOT the lubHarades aiasconywirticiios conceutr@vsandrairéin s s BRPBT Y
backup uniigstdter isRES _pgd I - Still further {n accordance with a
preferred enbodi irsnean_t o? %%\gﬁt%?:%g%‘wqﬁ%éné%{d%ﬁ RORET FHPBYY 7R & geubigergthes
conmuni c&PMBHEE 6prRéing mawsT fiohethp paeer suwppl v e Sbihindbic@ion dBGALIHEELAlso

combi ner s @atPAWE! 1S URR! the comruni cation cabling connects the data
communi cat i on concentrggtgrcg%jfnélmtcﬁtéonc%)ﬁﬁqnﬁé “to the nodes, and the conbi ner

Includes a pl ural Pteferalfly tbeiplaew sommasibath Whcelratt SRHPIREL QALAR @fQut put
of the pg}p@h FE#&% %/ F%Ilrther in accordance with a preferred enbodi nent of
the present inventt on: t4 CRUBMFHIORFHEsEePeRieta communi cat i on concentrat or,

the power supply dA8ditiofllyOln aBhdiies vAth GOPRERRE AR APYVEF t}%“?%';é/m_ the

communi cat i Q[ cgbl i nQ. connects the data communi cati on concéntra via the
THR ?18’85?3 g

n
combi ner "t8 1Hhe ity denwelugennt deast qnswb thesfollowing ltypea of hodegfwirassipl er s

and a pl UAN atogsOfpofritd t @h&eeRACh1ERL P bej onn d via.,a fi r to an
out put of the al?f_’g\/\er suppl%, gt:f%l ?uryteﬂﬁglr aegiggtg’di%ﬁ%%glmé BrakFer rdeéo"eV
embodi neffi"GtS: HETpFEsRiit dPeR 8REN Sensptse actpab comodl uddts, daptat @ommmeriniEat i on

‘coricent r@lephones,N BuROWRFit RO RoYiefl j-hut incl ude combi ner and a power
suppl vy, thg conmuni cation ¢ab iengsr%%dﬁt%}égc?éd the"dat ac%‘b‘?nﬁi‘ﬁ?c Fi% 8“‘?
concent r'3¢i5#a4n8- t he conbi ner to the nodes, and the conbiner includes a

Bl)\l/Jvre ?I ) H/og; t ?gﬁpgﬁgs rﬁlerg{g{gtiﬁn%&g{dr%ﬁccbit %!«gﬁf a I8P SR 3 Bt WALty Of, smart
nvention the hub includes a data communication concentrator the power supply distdbutor
includes a combiner and a power supply, the communication cabling connects the data
communication concentrator via the combiner to the nodes, and the combiner includes a
plurality of couplers, each of which is connected to an output of the power supply.

Further in accordance with a preferred embodiment of the present invention the
hub includes a data communication concentrator, the power supply distributor includes a
combiner and a power supply, the communication cabling connects the data communication
concentrator via the combiner to the nodes, and the combiner comprises a plurality of
couplers and a plurality of filters, each coupler being connected via a filter to an output of the
power supply.

Still further according to a preferred embodiment of the present invention the

hub includes a data communication concentrator, the power supply distributor includes a

combiner and a power supply, the communication cabling connects the data communication

6



(SPEARs), each coupler being connected via a filter and a SPEAR to an
out put of the power supply. Mreover in accordance with a preferred
enbodi ment of the present invention the hub includes a data commrunication
concentrator, the power supply distributor includes a conbiner and a power

supply, al‘bdn&dﬂﬁ'at@ﬂW@ﬁh&%tﬂer't@ﬂe%@& @n@&%ﬁmgﬁl&rl HEgaRackiR b agichifids
Addi ti onal | or aI ternatively the hub includes a data conmuni cati on

concent r at®df 2 PHE ligofier gppidy? alustiity 9hesarm protanddgcation andirrrartizeneraitponer

suppl y, t hePE ARIMUR] CBLHiQbeGRRIhAG:GORNE e
concentra?or via the COﬂl’Tbl r?er too tF\e nodetgr éﬁ%d%%gﬁwgﬁ%gg%(ﬁwg& a

pl uralltys‘éﬁpitoupl ers and a plurality of filters, each coupler being

connected via a Til{ef i ANQULALL wAf JHERONEr,SHRDL Ve NbTSoVer, Agser di ng

to a preferred enb the present I'nven ncludes a data
comuni catliedibdothedsn tardateorommmirecaioneenceuippbry tiai meiwet Buppdr dimibhtudsludes a

conbi ner th cabl i ng.c e dat a
comuni catg{it)}g%ﬂer(%g% r(t)t% Eg{&#w&ﬂ% eh% n%ﬁg Brei™ udestzh%owegfe@renb nlalptttﬁcélﬁgt)nbi ner
i ncludes a plurali t&dcbﬁortaﬂ]apberzétemnvhiﬁ ﬁteurha!b | ingludés fa |daey Scoﬁtlﬁﬁlm&:atlon
plurality_of ower all ocat.i.oan and ortin CII‘CItS each
coupl er b& r?arﬁf:oorlfhgget B Sélpglg f ‘%Iftflglt‘m%ﬁ?f ‘%f!% Iﬁﬂﬁg’t"af’raf’ﬁ' oauPBﬁ'%r 3PP yhéhepovver
suppl y, Pcc&ﬁmumbdtmnhb][ﬁxnlgwbmdafsltma c&mdﬁ:ﬁrﬁczﬁn@ﬂ%&fbb@t@dtd}r@’h ﬁ;@@@ﬁﬁhér&b@ﬁa t he

ower di.s rlbu |ncludes conbi per and a power._ su
(F:)ormunl ca JS% ?‘? r‘fam E‘S’nﬁ‘é‘ﬁft%get ﬁé’ ]t“é( ‘E:fn?ﬁﬁ‘ﬂt‘?fscaa‘tdl grﬁl‘%ﬁﬁﬁé’ﬁt@ﬂfé{s@r@a% a the

conbi ner  ¢duplenBeifielimectadéla b ifter ©AABLAGT of AEMASSuGIP! Ural ity of couplers
and a plurality of filters, each coupler being connected via a filter to

an output of the pdderEosnspryding\iriptireasd ymbedimenteafiihe prastry inveation e
| ncl udes Ruy0RbRIEOMAAl Gt a6 RERALEAbL me PBGCPONEE SUPBLY: Hchldel Ut OF

i ncl udes a conbi ner and a power suppl tron cabling connects
the dat a ©&HsHirEhe |P@We"c%3tﬁ§1éfnthe§9mm'-wcaﬁ@meabélogrbpmptstthr d#41e commuisstioand t he

combi ner &95%51%1%?51th@!:&£1§+ ity ﬂ@fnoggsu Qll(ljpe{hﬁ BRingr BE]HEI@S' ' ’Xf"‘f@#ﬁ&é’?‘ré and a

plurality of smart power oca ion and reporting Ci Feu each
coupl er t?@ﬁr?gplucﬂcbnn@étféfdfsvard fapfllraltt}emfammPMMotmoamnGWMng)hrtm power

suppl y. pf[; DL tCE Ig& a n% |on co rator, the

power  supp i‘st i ﬁ?l drg] ge% Fa g tHnaer aénl%g“gﬁ oL PHR Q‘S{@e PO’

conmmuni catlpptin cabling connects the data communi cati on concentrator via the

conbi ner to the nog S bg]FSheE CEonbl ner i ncl udes. a &nural i ty of couplers

and a plurality of “¥f th 9 el re a%@f"ﬁﬁ‘“”’&?ﬂ‘?ﬁe SR therpIWeEr (o

an out putsupdly tderitp@yve nchd@Pk Yoombiner and a power supply, the communication cabling
connects the data communication concentrator via the combiner to the nodes, and the
combiner includes a plurality of couplers and a plurality of filters, each coupler being
connected via a filter to an output of the power supply.

Additionally or altematively the hub includes a data communication
concentrator, the power supply distributor includes a combiner and a power supply, the
communication cabling connects the data communication concentrator via the combiner to the
nodes, and the combiner comprises a plurality of couplers and a plurality of filters and a
plurality of smart power allocation and reporting circuits (SPEARS), each coupler being
connected via a filter and a SPEAR to an output of the power supply.

Preferably the hub includes a data communication concentrator, the power
supply distributor includes a combiner and a power supply, the communication cabling

connects the data communication concentrator via the combiner to the nodes, and the



Additionally or alternatively the hub includes a data comunication
concentrator, the power supply distributor includes a conbiner and a power
supply, the comrunication cabling connects the data comuni cation
concentrator via the conbiner to the nodes, and the conbiner includes a
plurality comboetpheides an@iaalpl wWiaddupkrObnd ial pleffaBd fikers Phashakdublér Meingrmar t
power allocati on and_.reporti n%wci rcuits gSPEARs), each coupl er being
connect ed YT § Berdaan QUIBBRARIG R MR S58Pbut  of the power supply.

Further in accordanggdiohdllya Rr ak@ndiedye thodhutentci@fes t e iRk es&RhuhiBMBRt i ON
the power supply distributor is operative to provide electrical power

al ong' t he “¥SHHIHPE AT BT AHIPIh § SIS UNClutcE spmbibiie atte g rrmdet isoPPlbf thehe
di gi t al CQB%HlﬂhiféQt‘ideh% bdrhedibiikR8G bRRAGKAELARGEAN LD 1R I RELLH, the

enbodi ment of the present invention the conmunication cabling conprises at
| east onenP4fiss fed i panpag inglyfsset trétfality ofeeuplemsonhe aptiraline i fiitepoawelr ai s
transm tt gel - OVELranlW d WL LS pal ' | so 1 tted.
Pr ef er abl g { hle)ek?u_t_)mfa#c %vgesmgr:ﬁgtg ?@o%ﬁ%gﬁcgr@ g%%l%?’r%tcorfouélﬁi‘a%g%\er
suppl y. di sennegied vig aifiler autbsSBEABWean suiplof thepperf apelyand a power suppl y,

t he conmuni cati on Lin onnect s,. t he dat 0 ni cation concentrator via
the power supply i nfﬁlzgr%' ace Cgoorg?rﬁgmtrl%gdjégg” ﬁﬁncbﬁgnﬂy‘?m gﬁ%ﬁPVS‘?%f’gF?téO@ethe

i ncl udes povpdruupply tdystobutbi Istapesitiaaco aravider dtditical pbwerm@odg Pevedmmaidatient i on
and report | circuyits (SP ,,each.filter being connected via a SPEAR to
an oulto pu%albg’?g %"ﬁ«[}"%m?g%t&‘ggﬁsﬁém‘}ﬂavPf@ﬁ&f%‘ ‘ioﬁ’malgliﬁfla’énce with a preferred
embodi ment of the [Btiis ither | iAVARbidaRcel RELCOMFLRIERTdnadRmRA} | JT0thE OfRschses at
| east two. tvvistehj wire pairs connected to each node and wherein power is
transm t ‘BB NS CERISHIR FBURRFOMRIISET af A one diristed atireapain grangfiFE kP dat a

i s transndatk 66de daf iR bYwtig tAkdnil:BE b aSwRtdatife ﬁﬁ%@ﬁ@kﬁ 88 is also

concentrator, the power supply distributor includes a p supply
i nt er f ace™ M %dpower supply, the communication cabling connects the data

communi cati on CONCeRLALQ thY| tﬁb?igﬁtx%v‘@ a3 UcféHJ i dki6E ffcgt?algv&ﬂort hEe ggwggle S

and the power supply intérface inc es a plurality o ters an
pl ur al i t yupRly sisirtutorgpgladesal poyeasimply mteifacepot 2 pogerciupplyi the coBREARS)qn each

filter bel i : n t put, of the wer. suppl v
add 11 ol TS B oo Bon Rl B Inaelc? Sufi TP B e
concent r aedes, andpovyweppls nppfage thickitles dpluaiityi afdiltatemda phoxiiy of spi power

interf 38 | j i. bl i ng. t he dat
cormun; o2 398iof RS YRl RG iR ToRRE HEEhOE erpered et SPERE e,
and the potpet oSthppbdwerisopgly.face i ncludes a plurality of

Additionally in accordance with a preferred embodiment of the present
invention the communication cabling comprises at least two twisted wire pairs connected to
each node and wherein power is transmitted over a twisted wire pair different from that along
which data is transmitted.

Preferably the hub includes a data communication concentrator, the power
supply distributor includes a power supply interface and a power supply, the communication
cabling connects the data communication concentrator via the power supply interface to the
nodes, and the power supply interface includes a plurality of filters and a plurality of smart
power allocation and reporting circuits (SPEARS), each filter being connected via 2 SPEAR to
an output of the power supply.

Additionally or alternatively the hub includes a data communication

concentrator, the power supply distributor includes a power supply interface and a power
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smart power allocation and reporting circuits (SPEARs), each SPEAR being
connected to.an output of the power supply. Still further in accordance
with a preferred enbodi ment of the present invention the hub includes a
data communi cation concentrator, the power supply distributor includes a

conbi ner apgia MOWBIrRMRRIIYY cidiBg CoRIRI Galdh@Nceabldidbof eanesdSort i dat a
communi cati on concentrator via t}%ue conbi ner to the nodes, the conmbi ner

i ncl udes ROPFLFHEPI Yterre EotsIners: adts ROPEF sirPlyingTiary inplafes aalyrality of

plurality ;of -« SERLE aRRWEL Aldl r@ﬁcﬁfiﬂgoﬂrcﬁﬁy(gmsgig& SEE AR YLikS cnpBEARS) an €ach
coupl er being connected via a filter and a SPEAR to an output of the power
suppl y, andtrefiihepuirerrtias at | east two ports, one of which is connected

to a port of the dahp Goprup Gabl AR AkeRt fakhty anfholiftenOloRehe Ofredthi Ch i's

connected, via communication cabling, to one of the plurality of nodes.
There is &iventiqur heihdedndlyieaecistadameninyation epngerdfagars did pewbrodippi riistobutphe

present inv. i Qn l.ocal .area._n 0 for. Lh.a | | et wor k
i ncl udi ngmaCﬁjllﬂaiggof21 %O%bﬁ?eﬁr%ﬁdi %f%gf: xerrsl%%ys(,tHecgﬁ%nmmm“gafoﬁlo!ﬁﬁg%bIC?%%C%%%?(:&E% ng
t he pl ur akertpunitatiodeacdnaatoneiahbdcdndiner o e indidesg tidi cginbabr indmiesni glataiipn and

a power s |y, distyributgor o ati t rovi.de at |least sone,operatin
power to 8t Crplest B atualicy AR Fse et p pliley b oat pruct Hecation ahdeRRe
conmuni catirdits (SHHARY, edch eolphé dking c@metted WaklkilRo e 4 SREARItgh Gutput of the
comuni cations cabli qg i nt e{?fr ce Leecei Vi ng bot hf&gﬁ . and data and

separ at el §OPF SUPRIYG FARETOUPET 83570 FaS FHREPTS APt L i3eongedtd 19 ARSI at a

i nput. FuileRigf domnamiafisiaiiRentaldd ad ME ofiRf sshieMRQdhiRRY, ¥4 cbhifuiicaimnt
invention the power supllp{?iiFdl stributor is located within the hub.
pu

Addi t  onafablingto 1% eftha ¥oftméespower  supply distributor is |ocated

outside the hub. Stifele {ULENSFovided a6 CRESBARE Wi B ReRi&f Bhb&HmeRTLOd RNt  Of
the present invention the node is operative for node initiated sl eep node

oper at i onpresent iveRtioarajlogrd weee nefpRarsiedeR use B elosplaseanetwerk insidingaa hith @
ranagenont L RG] B e iR, SRR RS ROR By el et RRner
activi ty pbvidhg gtk comfnuTicationexd eedy casupplystisttibutestisratiye improvide ab¥esice of
hen oper STk p Al B “REH, R A, ke B TRE BoRCE b b 08 T,
Addi t i onatdmymgricagibt eabiatg, vied joctlhaen odwotkasodehigctfiding tai ovathiitisations padieg
0L 28O SLESRCRIE SACLALL 50 LA BT ARAPSTEL VLY
| f TD2 exsededs taafbdstati peshold, in the absence of a user or systeminput
contraindicating SlF%?tgerqgggco? aggea\}.riithoanf)re}eprgd Qrgggdirtngtﬁrc])f the present invention the

power supply distributor is located within the hub. Additionally or alternatively the power

supply distributor is located outside the hub.

Still further in accordance with a preferred embodiment of the present
invention the node is operative for node initiated sleep mode operation in voluntary power
management. Preferably the node has the functionality in node initiated sleep mode operation
in voluntary power management, namely measuring the time duration TD1 since the last
activity of the node. If TD! exceeds a first threshold, in the absence of a user or system input
contraindicating sleep mode operation, the node then operates in a sleep mode which involves
reduced power consumption.

Additionally or alternatively the node has the functionality in node initiated

sleep mode operation in voluntary power management, namely measuring a time duration
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operates in a sleep A-node, which involves reduced power consunption.
Moreover in accordance with a prefer-red enbodi nent of the present
invention the node nay operate with the functionality of operating the
node normally within a periodically occur-ring time slot, and operating
the node TB2asisdecesp land@nONESdablen tiehe pedd ATTAl by QRCH Kk NEretHIE il @E
Furtherm)ges ;tlchee 1pode ma}/ al so .operate .i(ﬂ a. sleep node as the result of a
sensed fail e Cold? t18no" BFEFR FyPOPRENHERIES APt Heds QREEIo8ndlc Pdeothes he
node peri optirmed iny: slqpridemvhgh &veRtS reli@st polér dRGMARE pPasses the test, it
operates nornal ly. wever, if the node ?ai |s the'test, it operates in the
sl eep mode. Still fUPTRET F ACRECBT TR & Pl demhodieant adthe pirsent ipvsntiof t he

present ihBvesdki @By dpBRtNOGE Ihe QREIALNYCoff BFerRIWCILSHRAR! YorthB) M PUhof
initiated sl eep nmode operation in voluhtary power managenent.” Preferably
the node PRSI fagepETingiEng sipti andy ewesptingupisl podadinstar slbept orod nintsic elee sl eep

mode oper@iiogﬁaliwoéég}r};@tt%%momr managenent, nanely measuring the tine
duration TD | since the last activity of the node. If TD | exceeds a first

threshol d, in thelapsemoee dfc rodesesy also spshenni aplatp codt naitdiesalt iafg sl eep
nmode operg@hdeQNui i erated iin a slee de whi ch .invalye

reduced power _g%kggx%?&gn#rg%ﬁgﬁt tlh%nné)gf Ve ﬂ‘eaéj%’l[’)?i%ﬁ e"mﬁm&e FB’FB‘P‘X‘F‘?‘%H
enbodi merferfofminpe spife¢sserif thei node passentht kat, rogerdiasiobhalyf Bkl @Nd@lihd Yodd N
power su i.SEeibutor.initiated, sl eep node operation in voluntary power
rranagerre%?,ﬁsytpglf’fﬁ’%ggrﬁ%shngthgslﬁwo irati on TD2 since the |ast

comuni cation of tBellnfueteer if adRdexeasds aapfiraradd thpasAM:dor i Hhaeabsence
of a user or . Séﬁte%‘ . n(ig)ut ,coqu]%r ai ndi caf i n% .Sl eep. node operation, the node
is then OPEPEPLA" 1PY5 SPREESVE FEROWeIMPEl diviRntoeisitiaied seer mogoweperation in
consunpt iveluntabHpbWer maRageGRR! dFEEbN b nddPhed B’ BRI i-HS,{yw f @
present inventiaqn .the ng%de has t,her\?:‘ unctional i tey t%at {&gel OV\,E?I’? Sgh gl y

di st ri bufSFYYEFiBtred Flese mads enamtion in ealentay pofer mamgementf nankely MeaRITNASSes

the test thd imé SuraBS @b@qineeemmcmgggm&rmduzft 1@89&5%%15&%}5%}%1& %gt It

is operated in the sleep node. Furt i n accordance w preferre

enbodi mette PrEermeri vees o sysigm rinpus reontiéndicasingsiéepanodmeperaioh) thg naveeisf ace
o cor dono ki it BN DR BUIERLLLF BloBRfER S UL further 1

accordance with a prefer 8@3 enbodi ment o At invention the
communi cat i ons cabfddigonay einf acwerdasceexithr magrefeaeditenttedbienond e present

erbodi ot ot e a2 R bR RaREoen? Sty Sirdis et Free

oper at i vepergioprinwvbldetagl poter intiakgop@ne thad breB@rihf @ time duration TD2 since the last
communication of the node. If TD2 exceeds a first threshold, in the absence of a user or
system input contraindicating sleep mode operation, the node is then operated in a sleep
mode, which involves reduced power consumption.

Further in accordance with a preferred embodiment of the present invention the
node has the functionality that the power supply distributor periodically performs a test on the
node. If the node passes the test, it is operated normally. However, if the node fails the test, it
1s operated in the sleep mode.

Further in accordance with a preferred embodiment of the present invention the
communications cabling interface is internal to at least one of the plurality of nodes.

Still further in accordance with a preferred embodiment of the present

invention the communications cabling interface is external to at least one of the plurality of

nodes.
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communi cation cabling w thout unacceptabl e degradation of the digital
comuni cation. Still further in accordance with a preferred enbodi nent of
the present invention the comunication cabling includes at | east one
twisted wire pair connected to each node and wherein power is transmtted

over a tw sted W redaaiohal®l dNGc¥iise datR d SrébsSQ ohibalsitht 08 dhe present
Additionally in accordance with a preferred enbodi nent of the present

i nvent i on™YHECR dhhBATEatirel EHBPYAY IS ARYTHEEs toaprovidasiectigsl paivet Hendathee

pai rs conagshi®tkalion cARGH WIRME nande s @ég?acﬂ‘ﬁ% bf fhé difansWnlfdigver a
twisted wire pair diffefent fromthat along whi data I's transmtted.

Preferably the powsE!sigppty rdiagworiapes orith ¢ @Ff@@rmdl vmbedmpitoof dee @resettri cal
power  aliQngibee COMMMR SRk chéﬁgFg%Pélh ametdﬂ%% t%@%ﬁ%s%tpadglcgn & '&thgatchon of

the digital conmunication. |ona 'y the conmuni cat’ion ca | ng may

i ncl ude dwde eadvhereen povetiedrapimiged pa$r 2 ¢eniedcvied ptio akag hwinddéatans awaer ein
power is ;gmégatted over a twisted wire pair along which data is also
transmtte urther nore in accordance with a preferred enbodi nent of the
present inventionAtéigomdlmanacatdaore cathl nngrefamﬂudelsochxhedte@i‘sthet weesénni St ed
wWire paitr ted to. each power is transmtted over a
o oo URBRNAE St Dica R TR s DRSS b T RS 2
Prefer ableychtrimde padvehersivl [poivyr idihsnilietd OFer b Swirpedrditd Y8 differehitOyéfl €ha€ bidsg I i cal
power gxllc%dt he conmmuni catl on cabling w thout unacceptabl e degradation of
the di gi C3 @BHIAEY%n. Further in accordance with a preferred

enbodi-nent of the M@%Nthk PaO&tshiply Hﬁﬁibu@d}mﬁ&ﬁ%'t@ﬁro@@@'ole@&chl%ludéfjes at
| east one twisted wire pair connected to each node and wherein power is

transmi t #6982 ofr campipistEd R SpaYIthont oWgosirrdl dlesmdationaloo ther AHEH t t ed.
Still fue@;hﬁﬁmbzg,oapcor dance with a prefer-red enbodi ment of the present
invention the comunj cation cabling includes at |east two twisted wire
pai rs connected t oAddtiemgliy, g sompanigpiioretablinpway ihcaluderat ieast enegwistadeyireg

twi sted pif goui@irhd @ G HOManl ADSNBwA O ML LR SN IR diEABILALT.

Mor eover in accordance wth a prefe ment o e present
t he hub Whehddass alsatmramisisdnuni cati on concentrator, the power supply

G sty outor il vigi, e SPIRRSL, SAPISREEEL 084S Sainikedld, 2
concent r aventionithe tdremonindsionesabling muedesomielaast lreo cwiztelineire pairs connected to

each node and wherein power is transmitted over a twisted wire pair different from that along

which data is transmitted.

Preferably the power supply distributor is operative to provide electrical power
along the communication cabling without unacceptable degradation of the digital
communication.

Further m accordance with a preferred embodiment of the present invention the
communication cabling includes at least one twisted wire pair connected to each node and
wherein power is transmitted over a twisted wire pair along which data is also transmitted.

Still further in accordance with a preferred embodiment of the present
mvention the communication cabling includes at least two twisted wire pairs connected to
each node and wherein power is transmitted over a twisted wire pair different from that along
which data is transmitted.

Moreover in accordance with a preferred embodiment of the present invention

the hub includes a data communication concentrator, the power supply distributor includes a

It



includes a plurality of couplers and a plurality of filters and a plurality
of smart power allocation and reporting circuits (SPEARs), each coupler
bei ng connected via a filter and a SPEAR to an output of said power
supply, and the SPEAR is operative to report to the managenent and control

unit the combieat aComsigeRtitQid Cbn@oiNeReartioNReeted bhefet@makiHidN8 citlin
accordance with a pl:eferred .enbodi nent of the present invention the %ub

i ncl udes A“WS'A 588 FEHTFBIFIER FERTFFIALh 12 i eopbiperioshp pPee: dheseamidines or

i ncl udes cludedi flefligNeE Soud@MEan® WPRLMIiE BEAEQUTHAICALIOR, %@QHaHGpo%E”eCt S
t he data Ci nmruni cafion concentrator via the conbiner to the nodes, the
conbi ner BIGWRFIEY EPpTtne AP SPEABSpIeashs coualsd bainglcormsictedyviot fifet tak s and

a plural i EyEOR MR buPAWE sa8l Logat g@palygaqd rtﬁao%éz%%%i\%b%%{ﬂré % ;{;;%E'%@F%ﬁé :

each coupl er being connected via a er and a an out’put of the
pover sulpragemgpdnd kentgpeEpRiiesugperaniwmmtion of 4 mide cotrecretharetm cur r ent
supplied to a node g g@pngeLted r hvel cording to.a
preferred enbodi nent o?’nit he p?arélgegﬁtﬁglgﬁ{/%l %oeﬁ%%)?fénen%%%ﬁ? H%‘*‘F%“ag’st’e%m&é}t‘%
comuni cafiboiclugerc e rilataacadrmurti¢rtiop onesengaiopl the gostr sipptyodisiritakardedudes a

conbi ner : r I he communi.cati,on cabling, cqoqnnects the.data
oo coR i R oBHP Rlnkly, e SR e PR g he S R e Ty
i ncl udes @ngEntratr iviaythefcombinpt &x the awdes, thePéditblet tympisek ial ﬁl@faﬁgaaﬂccﬁl lers

plurality of smrt p r allocation and reporting circuits (SPEARS), each
coupl er bagﬁr?gp@garllllﬁ’éé’? \gﬁte(fi gdqa fpﬁqff-igy C‘g.nsiﬁn BPEARICEAUQR Gt [PRPTBE ARESpover
supply, dRBEARKE eSREARleshedpeionahbdt@l 0 adiep iRt d SPEAN 163 CARRESE e pIRde
connect ed tEeret di g&lﬂzg‘%{i ng an _overcurrent condition foll'owm ng el apse of
a progra ’ya’ﬁf Hife n'& PRSEfIVE dO Jimif jthe maxigriim jomany sunpHedde or ce

W th a prefiRefeddheegrbodi ment of the present invention the hub includes a

data comuni cation concentrator, the power supply distributor includes a
conbi ner and a powdrtedgiysiyaccerdingde wtefeeed ¢rehodundnt phthe possaatcneentibethgat a

communi ¢ kb I&RIGEBAE ThAfnuHichid Eor 8RS thel Pt GBI b S; SORREDS'

i ncludes a g_l urality of couplers and a pfurality o i %ters and a

pl ural i t yombingmandia poerrsupily.dbecoromuninatiqreqabling cogpneats thewdats cqriikEARson each
coupl er bgiBg ed Vi LLirer and a SPEAR to an output of the., power
supply, and tﬁag&g:}’ ('falsn\ég%re?oat %3%%3’0%53?'8%% 18%%“%%? aﬁ‘é@ﬁﬁﬁ%gcctouﬁ%wdf rom a
node coARbEtlisy of Aigeresmi dplepligyifagaaposecilivurtiorahd epofing BuitiSPEWREY

el apse o ] I redet.er m ned iod of ti and to automatically
reconnec{eac'? ﬁgﬁlﬂggd%%%poﬁé%% ‘f’ia*l%&igtg’f r S%tq & %p‘ft(rﬁr’r%é}éf’rpweéﬂ % 3ffe

over cur r tatSPEGRIist dperativi/ios eavaitidally deeoimdans fodd dofindttddr BERES 8dpiefhe dh ment

of the PLESENt. {'nnv nt i ?r& 12 the hu? i ncl udes a data conmuni cati on
concentr ator ot %Ongg\%.og’l‘fb’ﬁﬁ 2RiF & ?P%’@f%‘?mf}bﬂf&rﬁ‘éfé@%nwd@ﬁﬁ?ﬁéﬂland a power
supply, the comuniddfidranly GRDACHUERNARG! § HabGed ArbolMEM NMC Bl Plsent |

invention the hub includes a data communication concentrator, the power supply distributor
includes a combiner and a power supply, the communication cabling connects the data
communication concentrator via the combiner to the nodes, the combiner inchides a plurality
of couplers and a plurality of filters and a plurality of smart power allocation and reporting
circuits (SPEARS), each coupler being connected via a filter and a SPEAR to an output of the
power supply, and the SPEAR is operative to automatically disconnect power from a node
connected thereto displaying an overcurrent condition following elapse of a programmably
predetermined period of time and to automatically reconnect the node to power thereafier
when it no longer displays the overcurrent condition.

Moreover in accordance with a preferred embodiment of the present invention

12



- the DC vo

concentrator via the conmbiner to the nodes, the conbiner includes a
plurality of couplers and a plurality of filters and a plurality of snmart
power allocation and reporting circuits (SPEARs), each coupl er being
connected via a filter and a SPEAR to an output of the power supply, and

t he SPEARthertmbluddsda@ acdita enimseasion cotesthatoe dei poesr auppgldid@iitdriptideyian from

a power suppl. and generat es si gnal. ich.s proportiqgnal to the.current
passi ng tﬁ(glﬁtél%{%rraé@galﬁwaeﬁawf ¥ ﬁ{?ﬁ s R & 8%1188 %{thﬁ 6?‘@8?t%8%‘?1§?i1ﬁ§atf%e

si gnal fr omctiteatevis éltcos@ii®oto thadodd Sbe tathat ilgudes ahef it eBEeuylld age Vref
fromrespective reference vol t.age sources. Preferably the refe ce vol tage
sources af gltufﬂ\jl&@ P§ b Er%’f’@ilgg??ém% PP g etiogahigp éﬁ‘greé%“gr ‘é@éit%é%%gﬁtsp’ol

i nputs frarhRBOESEFRY coln@Ol Vioh fittef Gidid SPEAE 4d angk byihé beéwauhipuy sanaf t he
mul ti pIicit?$ %f conlgarators may be supplied to a.current limter and

swi t ch whitg WP Fedetngladesiaiyient 57 10s geiogiTrreien 2 v AASE BAUE NI [68ha BPWERYPPLY

provi des adCsdretés b isBnhe Il Lageptiddlto YU turrdik HhRBE MEeEdeh Oyt s of
t he conparators are supplied to nanagenent & control cCircuits to _serve as

. p (
moni t or i NGUHRBERSOpYEPRERSTE reTvEIere Pere! dioghihgicH et HeSUICE HIPSREETVIRE Bui ng
through tae:REAR kbl o AldikrivBrAGERE dBRER inklh 2 preferred embodi ment

it
of the present invention the hub I ncludes ata commruni cati on
concentrator, the dustfenablyupersierdiest vailtege snurces atd prdgsmaaklo mbfersace writhga power

supply. 106 COMMU AR dRfloGARl BOmGRRRRGIS: &NBad Ry ommuni cat i on

concentrator via the conbiner to an he conbi ner includes a

plurality of coupl édiiteaelly gk outputshof ithechueltplecitytof lcemstratars paly besfipplied to

t ransf or havi ng. enter .tap._at a,secondary.thereof via which
EeaP ALY ¥l nEH, B ARl Syl WA Pt R el

Furt her ipnoadsardanraeimitédvaltags @ftpatrvadt. enbodi nent of the present invention

the hub includes data co nication concentrator, th ower suppl
di stributor incl ud%gngem%ehggur%‘}p%afo eﬁSW@?ra@Efpfflef}lpﬁlﬁg t‘@d’?ﬁ?ﬁ%ﬁ“&%?i%n

cabl i ng conwsGiBuitd i@ sdat as aRmitbHgGamitOprovidMAGRBEAA LA reddidng fhe DLDEdner to
t he nodei@%vand t he conbhi ner includes a plurality of couplers each of which
i ncl udes igpthequegthe $h former, which is characterized in that it

includes a secondauiidhiBNid ScsRlidnke W0 al PRASRAERRinbh) GfNUs Fognd
capacitor which is connected between the two separate w ndi ngs and which

ef f ect i veFrEFhHEC® edhedes aiai srRmmgRicain sencertsaton Hie mapghsupplicligribyror
signal s, iRuide®ld 86hbiUE! ¥nd 8 PYRILSubdIE HMULoWRAIAGS EQindeonnetds! thefabkd her i n

accordance with a preferred enbodi nent of the present 13 invention the hub
i ncl udes caMAXPKAGIhANSERERPTOYI2 dith eernlinert 19r the tndesp g thesepppliner didedssut or

| ncl udes o Q@MYeNGipids ROMELF SRR Neiudel G FANHPAFBE LOReSABK! DRnGAAGCE S the

dat a
center tap at a secondary thereof via which the DC voltage is fed to each wire of a twisted pair

connected thereto.

Further in accordance with a preferred embodiment of the present invention the
hub includes a data communication concentrator, the power supply distributor includes a
combiner and a power supply, the communication cabling connects the data communication
concentrator via the combiner to the nodes, and the combiner includes a plurality of couplers
each of which includes at least ohe transformer, which s characterized in that it includes a
secondary which is split into two separate windings and a capacitor which is connected
between the two separate windings and which effectively connects the two windings in series
for high frequency signals, but effectively isolates the two windings for DC.

Still further in accordance with a preferred embodiment of the present
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communi cation concentrator via the conbiner to the nodes, and the conbi ner
includes a pair of capacitors which effectively block DC fromreaching the
data communi cation concentrator. Still further in accordance with a
preferred. enbodi t of the present invention the hub includes a data
communi caf”i%ﬂ“%%gg'ﬁ? raglees & dria pUTNBHRIGAIOpIcYnagnEatpd, ltm:t wrwer ol diesibator

combi ner  aRthdas POSMbEPPL ¥, ov&ehes@ammné %Hn%m%ﬁ B m%o@&%c&s ke data
conmuni cati on concentr at or VI a the combiner to the nodes, “and the  coitbi ner
conpri ses“AWHUNEEICopEeEARA A BF Sombipenoald ewies vl yheb:iombklefxﬁcfmdem ps&iachi ng

the data i t n in accordance with a
preferredge%g dfﬁ?%eﬁ&ﬂgﬁﬁiﬁrﬁﬁ ﬁ?ﬁ\(}g}iﬁ b BaetCL  RUBTEr %%@C‘éﬂm&ﬁ){a

conmmuni cati on conceyitl eftuzblner mhecqooisece sughph yprdfeS"Edi | datblo@iment NEl e esredent

conbi ner connunlcatlon cabl ing connects the data
conmmuni caI? P%lrﬁ%gg[g%ﬁ\bt rﬁla or é/\bildtéitgt(fgn’é“ IEERBT PO e dawer %&Ha}wg”%%. ner

i ncl udes iacluded f @mbmlmg capwei tpphl, abs cé\rﬁﬁhuhﬁ:@cmf SRS <h/RB:sCABTRAR nDde
s cabling I1nterface includes

= separ ar oribaoh & EhAROY vl 16s SPHENE 1 Bscronndninie SopeREao TR e s
primary tpaes eaff capacitonhivatictt Ree@GeNObbagd %OH?)?EJcﬁﬁl%et(ﬂefJa%rncglﬂﬁlnthfo% of a
tw sted pal r gronnect ed thereto. Additionally or altérnativel

comuni caPTEHE oAbl | ng interface includes a separator incl udl ng at | east

one transforner, whaideRiongileharaesakicZedih n ?P@érrédt enBEdidS wﬁﬁ ! rp'rélgﬁty

which is. spli.t |ntotwo separate w ndi ngs a capacitor
connect ed™58HGR &I hubrackdgs aséffialc@ﬂ@uwpﬁ@ﬂrfgsceattdtov;hhﬂ:pmm‘rfsepqﬂy \z!(-str;bumnnect s

th t c i a W 1620101 Cl ¢ fd |
e two WMdlsHeROS chilbiss! LGS %?JI% &E%Ft F'%%%Ly tgnaa .‘:‘;0&6‘?%?13}9 I%/)tgl xg

i solates the two windings fo ernore e Co
i nt er f ac SOTARINIFgEN aoryeptaart@n R the gapbingi mytha ks, wf tbapaabiner heiddesh

ef fecti velppbheg a.data in a node connected
thereto. Additi oﬁga y {oﬁ@gégﬁf %I{r%g)em\% Rl ) Oé’f'%‘?c{ﬁé:au@l’?ﬁ(ﬂf?%nt of the
present inventi onPrtEfeeahiy)r!rhmnmmmmmmns:akﬂlmggnﬂeﬂh@r nalG@es NGEPIEREr Bnd a

separato t ai.rs of capacit.ors effectively block DC
frgm r eabh f%gygédﬁa@grsi érlf‘\'l%lllj TAPE & CYEH A ARBRERheT %fnt']‘é‘i Which 4bg P?g’ﬁaﬁw%r

al t er nat emc;edtﬂmnmmmmafatmm prakbhmegiel et ace i ncludes a separator
i ncl udes a self- bawci ng cap CI tor-| tglss and transforner-|less conmon node
coupling circuit rt“?\‘?é’ﬂ i 816‘6’1’" hnibe SQRTHSARNE ekl dnispbertingiides of t he

present scpwerdri dludihg ai‘lezﬁﬂ@ﬂeltﬁmﬁ'@@rﬁeat wHRn i Rt fedAth!infe Eﬁcﬁ'ﬂ& dsty and
sl eep node functionaljty. Still further in accordance with a preferred

enbodi mepfy WiHeh 15Isglgémo two separate windings and a capacitor which is connected between
the two separate windings and which effectively connects the two windings in series for high

frequency signals, but effectively isolates the two windings for DC.

Furthermore the communications cabling interface includes a separator
comprising a pair of capacitors which effectively block DC from reaching a data input of a
node connected thereto.

Additionally in accordance with a preferred embodiment of the present
invention the communications cabling interface includes a separator comprising two pairs of
capacitors which effectively block DC from reaching a data input of a2 node connected thereto.

Additionally or alternatively the communications cabling interface includes a
separator includes a self-balancing capacitor-less and transformer-iess common mode
coupling circuit.

Further in accordance with a preferred embodiment of the present invention the
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i nvention the node includes a controller, a switch, nonitoring circuitry,
at | east one power supply and node circuitry and wherein the switch
receives a control input fromthe controller which receives a control

i nput fromebbe SERFL; I. as. a.control input. fromthe nonitoring
circuitry, whi éj% EFLS q%%%f%g ﬁl’%f%%%g}f i Sg%/ﬁpt“h ¢ Qpnetigadty one power suppl y.
Addi tional Iy in accorliaficeerwint hearfnef evitted prhedi n@Modahent N Blee $RBENt

i nvention: -NO l.sq_incl udes ower. supply and wherein the power
supply i né’?%gtéés}l a% H%Fgéréctlud%ﬁé Clpgté‘ﬂgggaeé‘ﬁ’lt%" Eﬁ’éft@?‘gs‘flfﬁué{@’e dpjeattedite. POTEr e i s
further preided icicatcardantehwkihhasytef eided :a¥Resi IR AT ht Rencdesent

i nventi on“%iclhorgt%l. ar ea nﬁt.wor ingl uding a hub, a plurality of nodes, a
communi cat’'on - eapt fig Y AHEE PRGNS s er ms drel) % @yroptolaris drofrothe meomialng or
provi di ng coattay, Cammie ceRInLAR, podebddy (ROWBEsSIHRLWeA$hfi but or operative to
provi de at Ieastmm .o$egat,i ng power to at |east sone” of the plurality of
nodes via the co diteagh 1B afcPHancet WEh pvRspieseh pmpodiment jobuher present

i ncl udi nginpemih B RAGEeEN incfiect LORa 4 ir s I i
preferred enbodi nent of the pr esgnt iéngglgtﬁﬁgrﬁ}{%ﬁgén &H&oﬁogﬁpﬁgﬁ%gj%ﬁepag
funct i onalePiyrytrsergeablesergy polagc skemeaiver to at | east some of the plurality

of nodes via the comrunj =abl i r.abl he .power. management
functionality  nonjtors Sﬁ&dﬂ - ﬁ%"g‘%@ 1%] %gc%%\]g% %Jétgnasﬁﬁ%eﬁegﬁ%dwgt Rb4Es.
Fur t her noPTésent Reensignariocafremagswerkt indludicg & dnala flyrabgndesdaye tahimbgidition

si tuationgp &k : : of fs ropriate, Still further in
accordance wth aéﬁ'%? g?@éﬁﬁﬂ@ﬁﬁf&&dﬁs&ﬁ? ﬁ%’i’lﬁffﬁrép%w%rﬂata CORPEITEGHAM A% 2power
manage menowen sepisodistiribtipr opreatak @s piavidatat [@stsdom@nNPedfing Pok U8 lat R dhmePOVET

managene ] vol unt.ary power managenent node. Preferably, in the
i nvol unt rajtérfyﬁig w"érr%ntgfaﬁgéig‘?’r@én‘f‘a %%I&OWUB‘;?@?%& FYHDNS; they RRWEomePLys dispytor

di st ri butiorludehpeseranansgdment fuacrioahlidynsuf fi ci ent power availability for
power transm ssi onFo‘E\(gr .t he (C:[om'runi cations  cabling to the nodes, it

suppl i es a reduced” ZAEUAL 2GS RepLhRPreferTedemiodipms obthe prrseni arvestion the

Fur t her nosier hheagpmv@ I fusddpiiyy SivefnsinRUbLpETy 3k 3OWRTOU U8 s&g%mle nRiy s to
the nodes .to cause, themto operate in a reduced power node. Additionally
in accor PARRESS 7 fhe; copmpRications exbiaai Rasfrabhi thenpowsr ssamgemdntfemitionality he
vol unt ar ¥ndaré@r iR RAGESE Nhe TRURr QonQRBEBH I G ihe’ Cod ROVREAVRL | AR Tty 1S
mandated at certain tjines of reduced activity. reover 1 n atcordance wth
a pref er FEIAEEMSEYi THRRNYRY t3qesepr @semmentn sisvationn ab8 et owerr nandfement
functi onapprbyrididicl udes at | east one of the follow ng functional elenents:
interrogating the comunications cabling connection to nodes. to which it
is Still further in accordance with a preferred embodiment of the present

invention the power management functionality operates in at least one of an involuntary
power management mode and a voluntary power management mode. Preferably, in the
involuntary power management mode of operation, if the power supply distributor senses a
situation of insufficient power availability for power transmission over the communications
cabling to the nodes, it supplies a reduced amount of power to at least some of the nodes.
Furthermore, the power supply distributor also provides control inputs to the nodes to cause
them to operate in a reduced power mode.

Addittonally in accordance with a preferred embodiment of the present
invention the voluntary power management mode of operation, reduced power availability is

mandated at certain times of reduced activity.

Moreover in accordance with a preferred embodiment of the present invention
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intended to transmt power over the conmunications cabling; setting
i ndividual voltage and current limts for nodes based at | east on results
of interrogating the communications cabling connection to nodes and

pr e- def i neghe pavaiFeheigems RN dindgormulyt allhelesi ANl memﬁﬁégﬁﬁo% t BEcrib@ot e
node; and re orting status of a line connected to the node to & managemnent

work st at FHRSTE: IRfqToggich e FOMEERSYPAR CBDIHE Rotmegticaf er nasids.ewbudichehtis of

the presentenfdent rBRmiNeREWSE: tH@@&Q%ﬂEﬂEtJn‘é NGt E&n%t{u{l% inIBYaud! $Qikoglyde
at | east one of the follow ng functl onal el enents? "vo I'S neasured at

an out put VfEHEMsolenodeises diletst pbirselis of 1@*@%@@@%@ mmmicambmsn@bhng
which it ignhdtiisRdedodR Ak %%H%ﬁne@ﬁ}%ﬁ?ne?‘(? rsertlchnf gqﬁ% gi}n%croxrr]l%ssa ?eq
%1 Te ot the

t he absence of power transm ssion er eal ut e va

vol t age i sempiegipsle; enarepartpe etrstesi fiod Cpn@gredrmabé eodehtoes hahgbemichewbiine i s
classifiedygs,having a voltage present thereon froman external source. If
t he absol ute vaI ue of the voltage is not higher than the predeterm ned
progr anmabl e t hr esh8kl, fuatheuin entorbimit wits & etrefbroed epibedigker ﬂ‘fn&d present

pr ogr ama ean ower is transmtted Ion he |line. Thereafter

vol tage aﬁ%\%tn h& cdrréh r a%targgmﬁ‘éd%ﬁ?tﬁ’aaiﬁﬁf R Si?u‘f‘%ﬁé @fleatsrh@]eﬁ?f F@Hb’tﬂgy

di stri but dunchionalt dleméritfevaliagatis leasire®Ne anPb@P@L 6f HNEsWRT QYPBERGHEtL! Te,
based on the for 0| ng rreasurerrents the status of the node and the line to
which it i“CTEBARA dipe SN Hethienpph i AL POWRE et Be FRREUNSALION t he

status of chﬂiﬁgﬁ@ﬂﬁ a&ﬂﬂcé B du&eﬁﬁahsﬂﬁisﬂﬂﬁ%er@&loﬁ@ﬁhe onB1uef vat e el \I/o%ﬁ@epg
det erm na ns: NO LOAD EN Vout > V2 AND T ABSOLUTE VAL E OF 10

FOR ALL T| *g fothanra prsflteeminsdRmeR FaEEl thisehold: thealingNpCTifieABSORUITER VNIL&QE OF
197 o PR s ey T B MEM OIS E VL MBS (BT,
AND THE ABSOPWHEteRmResE POFerir@mpbie SthERhAHHE aABSGLlU'ITEm‘VAh Ukt @ 4 @F2telssmiRd THE
R TE AT B AR BB G
short ci r gwyrent asei measurad rpge opysi of the p&@em@ipnyegﬁtzbmer poaduticar at kisttdae | ine
Kjgts;[/\:)?ﬁn] ﬁ{eg%t ﬂgddérogxralmmabi hf e, S?agff:c}r@fj N‘wSC fol'reogdc\)%gc %ggslugém%rr}tsl the Stheus O \ﬁlgl ch a
node and the line to which it is connected are determined. Preferably, the determination of the
status of the node and the line includes at least one of the following determinations:
NO LOAD  WHEN Vout > V2 AND THE ABSOLUTE VALUE OF IO <12,
FOR ALLTI1, T2, T3
SHORT CIRCUIT WHEN Vout < V3 AND THE ABSOLUTE VALUE OF 10 >
I3, FOR ALL T1, T2, T3
NICLOAD WHEN VoutT3 < V4 AND
THE ABSOLUTE VALUE OF IQTI<IOT2<IOT3
POL LOAD WHEN VoutT1>V35 AND VowtT2>V5 AND VowtT3>V5
AND THE ABSOLUTE VALUE OF I0T1>15 OR
THE ABSOLUTE VALUE OF 10T2>15 OR
THE ABSOLUTE VALUE OF IOT3>15.
where

A NO LOAD condition is one in which a node is not connected to the line.

A SHORT CIRCUIT condition is one in which a short circuit exists across positive
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connected across the line at the node. A POL LOAD condition is one in which
a Power Over LAN separator is connected across the |ine at the node. VOis
the voltage at the output of the power supply distributor for the line. VI

is a predeterm ned progranmmabl e value which is arrived at by neasuring the

i ghest Peatndf@lilec Rl Bl RAR 1o VRHked: Ol ordhdiBll BFindhe gl €W M NUL es when
power is not transmtted al ong t & Ti ne, 'S a predétermn ned
progr anmmabl e valNE Whirdhcdrslitanrs vedinayhiblya Measuk imgfah Eard  loweshsfvatenes of

vol tage Vo 0k i f f.ew m nutes when power is not transmtted
al ong the (Frl[.ﬂrele aﬁ%o\%ﬁé%gﬂeoﬂlt%e}d)d?‘s connected between +Vout and -Vout at the

out put of sai dA BsoweiO Al pphditigh stavic butsdichf oPowdreOter haN MBarasor & connected
pr edet er m ned r](i)lger%mmbl e value which is arrived at by measuring the
alu

hi ghest peak™v f'5/5%age Vout for a period of a few m nutes when power

IS not transnVotete abloudg at the oliipueofadpimee Buppiy distiBitatoethe ing€onnect ed

bet ween +Vout d -Vout at .the output of said. power sypply distributor for
the Iine; V4 igpdsar%faé%t@mw%ew‘p’%@?ﬂémwewmué AR BRErdeiney
arrived akighest peBaSHLENG +d1QehiVGhestr PerRikioy dffue ff miRlitagfeNutved @ n@
period of a few m nutes when power is not transmtted along the |line and

when a regﬁwﬁéeﬂ‘i’%té%hﬁf’éct ed between +Vout and -Vout at the output of
sai d power suppiYs di SbddediRb frofrabBblel Nie Mﬁic{]ﬁs %n%@%tb?lrrﬁ&mglfgt

hi
programmabl e val ue, which represents a typical reshol d val ue .\ﬁen at
whi ch a neyestyaiuerofs\alipes Vesnive s resobper & arnutsowhen paveer\ip oot Fsamifiedd at a
First timBogll the QU &hbSnY Rl iBRATLU bRl edd SRELA K ' s
Vout measu?&egd gtl a ‘tchla,r dé {Mlyma fi'S; 10 ti&]g ‘%&% currg%'?i fvlrogﬁnat-r%e g‘fty@wg-g%ﬂt put
of the powesver suppiy §istdibstor fdsghedmef or the line; ELI is the predeterm ned

pr ogr ammabl e Je of P f wer,.supply. distributor for the
line;, 12 is a\«%lr gsd%tpé?&nq? eﬁrggl%%rpg%%rgrﬁ%ggge‘%\%gl ﬁ}gcﬁﬁ%)%%w‘?saghir@egal i tglf/
measur i nchighest peskxivaluencfeakageaVoe fifr 4 hericlunf enfewlfidues whepepivodt ©fnoa few

i nut i t ot itted al the |i d wh di
T o Rk By BT 0 IR DS, P8 BB B ] 220 |3
13 i s a puededfdaid packr Ry distididoefor Helmewhi ch is arrived at by neasuring

the m ni mum ue of the c.urJent 10fqr auper'.o of a.f m nut.es g\/nen
power is not Y2k Pfegatermme programmable value which is preferably arrived at by

measuring the highest peak value of voltage Vout for a period of a few minutes when power is
not transnitted along the line and when a resistance is connected between +Vout and -Vout at
the output of said power supply distributor for the line;

V35 is a predetermined programmable value, which represents a typical threshold value
of Vin at which a node power supply commences operation;

VoutT1 is Vout measured at a first time T1;

VoutT?2 is Vout measured at a second time T2;

VoutT3 is Vout measured at a third time T3;

10 is the current flowing at the output of the power supply distributor for the line;

IL1 is the predetermined programmable value of the output of the power supply
distnibutor for the line;

I2 is a predetermined programmable value which is arrived at by measuring the
maximum peak value of the current IO for a period of a few minutes when power is not
transmitted along the line and when no load is connected at the output of the power supply

distributor for the line;
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along the line and when a resistance is connected between +Vout and - Vout
at the output of said power supply distributor for the line; 15 is a

pr edet er mi ned progranmabl e val ue which is arrived at by neasuring the
maxi mum peak value of the current TO for a period of a few m nutes when

power is not I3rans fﬁk’éde&ﬂmﬂxle@@gogtrﬂﬁmlaibleevaﬂﬂdwmgns Qi?r:\legaaq 635 &Q&Hﬁgttﬁg at
the output .of the distributor for the |ine,

0
measur ed PR’ \Q‘ellgecﬂ“?re %lyo;@r AESERA it f5Y TinHES Then paveer iy m@an%ﬂiﬂttﬁ
neasured &bng tH&’EmI%nd Rkhieh ReEsididhcAGCOIndanger M LY By R {1(?“/&9 a?fmgaqgﬁ?&t of
the present invention the power managenment functionality 1nc e
funct i onaf¥4 V’W%P”Hﬁ%ﬁ*ﬁ%‘rbii‘iﬁ’gf%rﬁ@ lifghagi ng power consunpt i on during nor nal
operation conpgiges %%E't%hﬁlgecPHHa?d%mio% VEREN.NO0g P18l &1 3b é;e}isureno the
functionality for rmnl toring and managi ng power consunpti on dar ngD nor mal
oper at i N EBHPY Peksvaiiienefi iy comet dbX fof or pesiad hof mother mmu&sgﬁmr;&jmy icye i c
manner. R Rera0 &t n managi n
consunpti on durel ng ()tr(r?rgflé g%hg%vgﬁgén éﬁéﬁg 8‘551 g% (lﬁnc{ gtpu ?fs‘ihﬁd’og'ﬁrr %@E@ for
each nodedlﬁﬁbw@bf@pé}ellmg sensed current with progr ammbl y predeterm ned
reference val ach | | ditionally in accordance with a preferred
enbodi nent of Lif@ﬁtla 1s°1£0e§15%s reda V@ﬁ?ﬁion each node nmay be classified as being
over-current, Iﬁﬁdwl(bmexsereﬁ aDﬂimtE](FErﬁhB The over-current classification

i ncl udes progr, adj ust abl e_t hreshol ds. Mreover in accordance with a
preferred enbd @W‘B? 4‘?‘?&& ¥B&&At i nvention the normal classificati on

includes at |east ®oghedfin ida@rdfiriblekﬁw 4\ BHEY %%ﬁ@ﬁt%@%ﬂe??&enﬁﬁéﬂ{&l th

sl eep nmode, and | ow power node. Furthernore in accordance wth a pre erred
embodi me RO “?FP@%‘F@S@H‘E“O“?IHW@WEW@FI fyngeonalipc for arenitotise drsk mamaginzopdwrey and
Managi Ng cHMIRIHERBISHII-AR Pufatiol ORI scnfRE LA for SRR bkl Png ON 1 O
the operation of nodes classified as belng over-current on “t si's of at
| east ondURSFORANEY ey mewniteriner andc manssing ppwer Cmifsumgmcpredt:rlw narma depesioreds a
regul ar c@MEﬁs&%ﬁﬁr&t b SHOL Ll Raeah ;;%@ RIgAeL e nfdrtl”}e}mrrerb tﬁg wer to
that node is cut off after the predeter , current supplred to a
node is U@fé?ﬂltﬁ fou‘@dmttgnwmenlaragmg g:hwewemsmuptrcmntunng homsdd @k}d’ﬂtl@ﬂﬁiaﬁt

| east on bmﬁf fined etvve are over - urrent
e enol s MARIEREI MGl rbde S doRE G S wfhoh St BlaetBRY et
cut - of f p@ditsmde@@rer“nrmdvaalsesa”orfemman@n of which of such internedi ate
thresholds is exce&g urt her acco;ldance Wi % Q.r ef errec%l enbodi nent
of the present | nvencf (B'HI Y8 accordance wit preferred embodiment of the present

invention each node may be classified as being over-current, under-current or normal. The

over-current classification includes programmably adjustable thresholds.

Moreover in accordance with a preferred embodiment of the present invention
the normal classification includes at least one of the following sub-classifications: active
mode, sleep mode, and low-power made.

Furthermore in accordance with a preferred embodiment of the present
invention the functionality for monitoring and managing power consumption during normal
operation 1s operative to control the operation of nodes classified as being over-current on the
basis of at least one of the following functionalities: if current at a node exceeds a regular
over-current threshoid for at least a predetermined time, power to that node is cut off after the
predetermined time, current supplied to a node is not permitted to exceed a high over-current
threshold, and at least one intermediate threshold is defined between a regular over-current

threshold and said high over-current threshold and a predetermined time to cut-off is
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functionality for nonitoring and managi ng power consunption during nor nal
operation is O operative to control the operation of nodes classified as
bei ng under-current on the basis of at |east one of the follow ng
functionalities: within a relatively short predetermned tine follow ng
detection of an_under-current nade, which predetermned tipe is selected to
avoi d ur?&@?f’?’éﬁasr%g‘ﬁﬁtﬁ?é)ff”&‘%cﬂ%é‘é@ l‘étﬁrp'ﬂﬂgﬂf‘t%fhf? PiABHEXE§9%uch node i s

termnated. Still Fukieherackdrdace aidanegeid dmisbdphef ef egrLohodi-pentmef the
present _invention, the | ocal area network includes functionality far

moni t or | ACGRHEY OrcnPREARS RIOWAARING BPY SuRONSUTRHGSafUEIE glorma eresition diir r ent

flow to abbrapfe bREnANERSHOMEEN 8 dode] cit fABiekiial 8Sink SnABRLEEEM the WRRIIN t he
overall current flowis conpared with a programably predeterm ned

ref er encéeasy gnuefl thndolrvinhduasagraditier vig &orptrdls ohort tiiedepstieicd sippl y
distri bu?&fovﬁﬁ@dét%oﬂ%@%? undePRReSH %Qde_t, %ﬁcﬁ};@e@t&nﬁ&gﬁfﬂﬁﬁ sQie_@éﬁ ik bRfy as

bei ng over-current or normal. . Additiona in accordance with a preferred
enbodi nenpdesired igepoppeioanise, sippeat ¢uoient ihsuahvide ¢gatereinated| assi fi cati on

il udes progr anmably st ahl & A Leshol A5 St o Esher dngacgardance

with a preferred e nent he presen rnvention unctionality for
noni t or i myesuoh, Hetagi arep mowenk induiss Aptiionriiguior ngnianinpgadveralipairant ow ks
operativ o.contragl, the er at i on, of r _suppl istri.butors classified
e bet ng sty A, pPGHFRAERLAST 1 HHAE ra SRR b B Sttt RE

funct i onahérdeinehe oivdrall b@reay f6alis c@nyar@Nbith @Xeegaamably @@tdetimbied refetence
over-current threshold for. at | east a predeterm ned ti power to .at

| east solEUhdtisO] eehatie! Pl cRreBaH Cifi POYE" &fﬂpﬁvy sty it G fOAEd ti e,
and in agyhnesediheretd e 1oaMBE R dssife dsDRIngiovelQlrdpEsHdhad to exceed a high

overall over-current threshold, which exceeds said regular overall
over-current thresMitpnailib in arerrdinge Jwitth ag RFEeTsA embadiperr of 188 RIFSBI ment

of the pmesRRh thd WALk cliRicRONEHCISIP BlokrAhSib RELQLbIE B sBoRart of said
hub. Alternatively iﬁower supply distributor does not form?art of said

hub. Additional |y St Beder daieerdinen vdtprepisfored enbetimpiner dhe tHEHr esent
i nvent i oy thRnithd %5%%%? God Blaﬁmléqtﬁ?]g{a ?%ﬁé lge@@r Pﬁ&é{}ﬁﬁtﬁbnt DBk S AN

overal | over-current eshol d and verall over-current threshold
and a prereationid erschtive reeconigolohi opstdtion of peletresupplp aléhtdbsiters tlapwifiddors bsinewhi ch
Of such 6\;'&%-%{1 'oﬁ‘#%bt Qg 8?5% £ rhasof?ﬁ(ecfgﬁ%ﬁg.éﬁétilobalftl{ég:ti He dv@raﬂccﬁ%lqance
with a preferred enbodi ment of the present —invention the power supply

di st ri butxoeedss reguéar averglboten-cnepo ttreshoid for gritast e peldetetaissd filneapaven tofit each

o, 20l A RRUET SUPRLYC S SLL BHLOE LSBT O Dhgpyt e
change i the tdveralt untrentis astpgdmpitted to exceed a high overall over-current threshold, which
exceeds said regular overall over-current threshold.

Moreover in accordance with a preferred embodiment of the present invention
the power supply distributor forms part of said hub. Alternatively power supply distributor
does not form part of said hub.

Additionally in accordance with a preferred embodiment of the present
invention the intermediate thresholds are defined between the regular overall over-current
threshold and the high overall over-current threshold and a predetermined time to cut-off s
determined as a function of which of such intermediate thresholds s exceeded.

Sull further in accordance with a preferred embodiment of the present
invention the power supply distributor is operative to report a current level classification of

each node and of the power supply distributor to an external monitoring system. Preferably
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thereto. Additionally or alternatively the power supply distributor is
operative to provide at |east one of full and no fuinctionality operation
to individual nodes in involuntary power rmanagenent operation. Furthernore
t he power supply distributor is operative in accordance with at |east sone
of the folffdtitH PUFfcepamakitbynotifinhbdealdf yendigdp@hdth QicRghot he Ot @e np(s’%\frl

avai | abl ethE@td,tAddﬁﬁanX‘ﬁJ Le %f S8 ]totgal \gower that 1t 1S currently Supplying
to the nolde%, de@}fei{lm i ngthe e 8t PORY PP Bt ieieiion hereutyeiot provtiak: power
consunpt i 6% (CTP B anHencc fimeeaalityob@harPOWEindiaviail ARl i PA).., |f

TPC/ TPA iﬁar{a@%e&t%@ra@ogi rst threshold, suppl yIi Ing full b%ar}é’%m Qa)ry &ddft i onal
nodes one-by-one on a prioritized basis; and if TPC/ TPA is greater than a
second threshol d, Foithienrd harnpesat dufdply st hreshal d. .. di.sconnect i ng power to
i ndi vi dua}éasp??dgeso tgnﬁ- P\gf‘,—.onﬁl&on a .prI{pIQ}{iltirzecf Eggf)ésjr?mﬁd\r}\ea\(i%?‘r?a“ic? BCHTPA i s
bet ween said it ot &l oSdoNactiqnalies éiads Jdejerrgniitg the tasd poaenbeilbige t@;inew
node requsred] powes totd@inNgoddr Ran@WNQAS, K | hes oyer and a node having a
| ower prir%ti“;c% 1 Qjan the new node is cu?tryggllgﬂp}yl?%égit@‘?r‘?@&ﬁoﬂéﬁe?ﬂmmg the

di sconnelt iHT VR PR he FHTERT tgtalrmsae omsomptioe ( TRE)Co QR Baedrk Rétalt ft8vddi gher
priorityavaidsiiityo (TPRYEK - THTPREY, | ordance with a preferred enbodi nent
of the pr(fdsent inven}t’\?{)n t he p{)sm}g% g‘égpﬁ %ﬁi @f‘?%%lgﬁt HPPiy&ng Fielt Borge te o
provi de A19¥RE podss @nerbyont lon @rprivotifadretis ool i TP C/PRe(sSbR8 i D s&IRs 9ency
over ri dethr&hbiadi WatdH ad D i n invel unt ar ower managenent QOperation.
Preferably the po%ver sﬁpgsg@sﬁrgs}t e Sﬁ?lg’r q?sé?\é &3] | RPEeT foadordlmhowdes t h t he
fol | owi ngferRiners emalriroyitizad bam',sommwryifpmwrpme%ﬁx@maigpfﬁ%ta&!dogécoéf nsing
an energ@l%yoldpqgcﬁlirfiora towe% gt a %Viven node, and thereafter assigning a
highest priority 10 the gi VR HSdE™ MeGiTIBmkalrpyer muddeondamose vigilies

pr ef er - rRAVeEAKGdi nvdathadfig bHewpr SR thah INE AL R4l Qec;@%\le\@; Bfi% gi%gllgypower,

di stri bug | S.: rative to provide at |east one of
funct i oﬁ‘g i ?@8%@&53?‘8% RiIEe Pt T POERS 35d icometing the ihinhad privirAy Yo@ower

managenmd®wer. Preferably the power supply distributor is operative in
accordance with the following functionality in involuntary power
management oper at { 81T iCPIgRNGE vith aprpfemehgmbdiimeatofithe ppeWRina@yviahh Al € t o
it as wpblvernsugphe disgitakorBe &ibat, i touk urrentl pplying to, all nodes,
det er mi nj n[%.t he. Lel at i onsh;/%r%elt we%r_? ‘%"r‘{% %ure?%n?“e{fﬁfﬁ’l% i?)%ﬂ%rﬁl%%@#ﬁti on
(TPC) t GPTREC" BUffrEHfresney averpdoue inaduahisblidstiy iaTattary| fowbPGhabRBerhd:t| €SS

than a bpérationt Fe8heldheS i yll power to additional nodes
one- by-gge on a queueyfjégn (P‘g%rl Ee@,glypglgtlglrb}l@fz‘%d}pﬁ%l"%;miaFCO"FP@FTPAhitbegreater

than a O3#e faedamblydn ivajirearytdoasr sandbefniehtSbpdrMHorSakidy agie%\a%ﬁgft i ng
ioriti Hovwever, if

power t geddTef ¥ e ne-.by-one on a prioritized basTs.
TPC/ TPA i s 20Iy Sg{l \%éae%g%a‘?"&g’r%“rd?’%{“%?ﬁa‘" LUEHRE 2 ghes poPHly to theiveninode.as t o

whet her a new noddditpuily 68 pQW&Ence with a preferred embodiment of the present

invention the power supply distributor is operative to provide at least one of full or no

functionality operation queuc-controlled priority in involuntary power management.
Preferably the power supply distributor is operative in accordance with the following
functionality in involuntary power management operation: initially determining the total
power available to it as well as the total power that it is currently supplying to all nodes,
determining the relationship between the current total power consumption (TPC) to the
current total power availability (TPA). If TPC/TPA is less than a first threshold, supplying
full power to additional nodes one-by-one on a queue-controlled, prioritized basis; if
TPC/TPA is greater than a second threshold, higher than said fi

rst threshold, disconnecting
power 10 individuai nodes one-by-

one on a prioritized basis. However, if TPC/TPA js

20



and if a new node requires power, adding the new node to the bottom of the
queue. Further in accordance with a preferred enbodi nent of the present
invention the power supply distributor is operative to provide at | east
one of full or no functionality operation on a tine-sharing, prioritized
basis in jny Addit] | dennakiyely the
power sup%%ﬁ%h#g&??{r%tuaﬁg\gg{%%gsggl{a?%q%tﬁg%%%%%gekhgéa\Illmg% ﬁg(% heElf ol Ipovm' rhg

f unct i onadnidtie Rew novigakuntapywqomeing nipnage nedstio dpdpatm ohthe ignduei al | y
determ ning the total, power avail.able -t _as.wel | - - r
that it is currentty &%gh Cy“and%” ec‘)"‘”{glla\ prﬁ%’grgg ;em%%déing}tr%fﬁll%ﬁ%@?[ﬁneﬂ{eg]{%]ﬁ?%ﬁs hi p
bet ween tihevec ynppdntdistdiiabr jpovperaticons ymptidon: (ERChnet of filleor ourfnsnibnaliot al

power availabilit %‘I};RA%{. | .TPC/TEA.i.s less than a first thr C{nol d’i

suppl yi ndPeRHPY O’b% 8 BB T ERLP o d Y WB?TES;P?BF\Yem%‘Hv%{“W-ré- 98P g,
prioritizedibasiwly tfe JiRGH Tl distrBueatieopthan A sesonde tithesbdbitbwigr eat er
t han sai rc%%f irst threshold, disconnecting power from individual nodeg

one- by- orfBEANHILH AR GRYLFYEY APAET SN2NpRRIRRIE roperafiony paitiFlhin deerBiafmzell PHe first

and secondwlhbRSNLdS i ARell hd DE 1881 bOWWNBENRTs BurRei REHP A @B LI @SdROVer ;
if a node having a lower priority, I1n the sense that it has_been receiving

power f ordelrmigHgethet felaionsini BHWEa Hi§ovETenk 9iplcprIYeE raenRE AT AT htmie ithee, i s

current| v, ;86 8bi HEvRWRTabildY FERONECTP O PROWELssthaM HRE thribQVRI sijfplydid tY
node and connect| ng{ﬁt‘h& hi gher priority node to power. Additionally in
o

accor danddl ppwds 1@ a pesigs enbeidprrest 2 Gmetsheringr pewsiiized Pasise HtTPEATEAE power
supply di I i LV I i : f a
changs | s M o5 RELANN Beh MU ATANANGE, WIS Al #ort oly
di st ri butmiividsm! nofesoat-by-ent on ppowitded htsid. dhstevand TOC/TRA Is tmheken dldkuitred

f ti it i .to.individ d in i | unt .
e B R A A Ty TR
i n accor et eriviityhinathe k@asthasio s bekn tdaeivirg poowt A afllotpet iimaalhitlyis abovet i al | y
det er m ni ng iehe. t#)tal Bﬁower availahle to.it

. |1 .the tot.al
Chat it ROESIPERES JIRIRA YRGS FUTORY deceRipb RV St R P PRYE 2T 4 onshi p

bet ween tdveer pHomt® Rbdd Sidaloni@UEs the ARBeHFHIrRInddEREpotd. t he current total
power availability (TPA), If TPC TPA is,less thapn a first tPr shol d,
suppl yi ng ful | pohedtiewnliydni #ceratcenydhsa el %6@%]@6& OF i 1B i RFS5y

basis; i fnvERInthApbSeHuBAY Alstrithied iPopsASRNY hdViRSdiOhdte nbligh@ra hdiRivigai d
first threshol d, reduci ng}e ower to individual nodes one-by-qne o

A y n a
prioriti sRASHARIRE PeRIEH e, Suppliefpberiion Fusheraofe dbe paertupRY AfiHOYEE Bnd
thresnol dferad I rb G 351chp HHOSK AN 2R NEMCE Aonclisiilly! BerRiMOD RdivRLACde

requires additio power; and if a new node requires power or _a node
r equi r es nedfdin ingelantapoweter matkeamers decrationi Bieferably dheepowsr isenply §istriRBIT iShe new

roce | AR LR R PR ST RE LA O gL

requi ri ntheaokdi pavenalaijableas it as well as the total power that it is currently supplying to said
nodes; determining the relationship between the current total power consumption (TPC) to the
current total power availability (TPA). If TPC/TPA is less than a first threshold, supplying
full power to additional nodes one-by-one on a prioritiied basis; if TPC/TPA is greater than a
second threshold, higher than said first threshold, reducing power to individual nodes
one-by-one on a prioritized basis. However, if TPC/TPA is between the first and second
thresholds, inquiring as to whether a new node requires power or a node requires additional
power; and if a new node requires power or a node requires additional power and a node

having a lower priority than the new node is currently receiving power, reducing power to the

lower priority node and supplying power to the new node or increased power to a node
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Still further in accordance with a preferred enbodi nent of the present

i nvention the power supply distributor is operative to provide at |east one
of full or reduced functionality operation with enmergency override to

i ndi vidual nodes in involuntary power management operation. Additionally
or aliternatirivghyditib poyer supply distributor is operative in accordance
with the follow ng functionality in involuntary power nanagenent

oper ati on. sensi ny'afuTdirer Geprogrdsaed Vfﬂiﬁlr apgméneatena)@lweem sfothe; prasedt

t hereaft elhv@,slghgﬁg r i ode reo
accordance with a g(?g?gp lr)%g%zstrtr%b‘@(lgﬁrrlgn? b &P%@s%{ﬁf% %ftg@ Pr r?iﬁéedpower
suppl y di&tgtiopglitgronestioperist ﬁmerﬂt:@vm\@vm@etoamdiveﬁslt naie tﬁ)fm‘.follllrﬂtarplpoﬁf&dUCed

functionalil ntrolled priori nyol.untary pover
managenent . gePre e?gﬂgﬁ& q%eﬂg)ggl?rors‘bpp %Vélf Oﬁ‘éf Blfpp’ys 18EEWQ’E P\vé r?’iﬁ"e
accor dande aggordanc efitﬂlctht dvliavgng ﬁmnmbnahr},ajnl 1hyolumaxlyrpb@)etl Rfa8%36nROMEHeration:
managene e ihiti.ally determnin theto power avail able to
't as vvelr% ﬂ% £xﬂ hltgl%te 7 BERe %ﬁ‘g?r f’ttarg’s"'e{l,3’1‘31‘1%rﬁnfi %rﬁ"bqﬂf ViEHEIRDH 2 digheftodes-
det er m nipnigritytte theediadn axdshi p bet ween t he current tot al power consunption
(TPC) to the «currepnt total power availability @éTPA) If TPC/ TPA is |ess
than a first thresHol® s FYRge “ﬁﬁ’v@e?‘"efeﬁreéﬁ edimaet offibripresest inyerdioni onal
power to ﬂﬁwﬁeﬁfelwhhlﬁ:}ﬂy Cdiftfl@lﬁfbl‘ Vs rcf‘p@l%the tQOqi%(nde %%?&Y SMEELPHRIR or reduced
gueue-contral | r| oritized basis-, TPA 1's greater than a second
t hr eshol ¢ °H? Wéar‘ifogalqéle‘ferqoﬂmfﬂﬁr si9B , inr énvobintagy ppevesr tnemnigediewi. dual
nodes Oﬂ@rd{)é,{-a[ﬂ ethe Mpavirr PédnBl LiisgBdiPasi e TPCI TPA is,. bet ween .
the first and Ss]ecorrl'%0 t ﬁrggﬁg dg t|n uﬁqeﬁmﬁ?}{ta{cc%%ﬁ% il {r%%vvtso%%w g8
requires f‘blﬁ‘%)\%}a i i Hi’r@&l@t%féopﬁweesn@dghmem rcmlerapoxvxem;uaaynoﬁeta‘rmuengwmu ade
requi r es pReMelvafinid 0 power , the to the
bottom of th gaqueutedqﬁgﬁr&ﬁﬂw {h‘f%%%%g eré%rnt(}:lgt it RrEHy é;fl%ppgéa t‘éﬁgd‘(‘j‘ fent of
t he pres@#ermipipgthe @dammhlppbnMeers thepdurredi sdtali fustepr confurgPRAOALIPCY thahpr ovi de

prior 1 11 5 Akl er AbesBRr B AL SRR s tnstbn e apapio VHD Boner
suppl y dp@tqutbuaddmansl omlsadm mﬁhtidmala@s@érdﬁmﬁsdééﬁ Which Rarbmly aukiRe power
functi on&l l; nvol unt ary . power, agenment operation: ‘initially

det er ni ni Ng -t N %%EU%S%W%Q/&’I“PQB’F%B&PS it TETRA) 1 ggatep dharo aFecpifher
that it thesiid rf&gﬁek yhaf pidl ftsttgrebiol@ | rbduRaEefowed & REM NG del Bne-bRhAL dPNShi p

bet ween the power. consunption (TPC) to the current total
power a@%‘?q %{?Wﬁ‘jer Hr TREEPFPAs| Betpveens thandista and 1 sseondh thresholdd,
suppl yi ng ;m@g id t@ﬂﬁi HPWREwW nBde RAG: !

one- by- oncé on a ti mgtsharl‘ﬁg epr?o?%tpﬁggggﬁé?&%@g@ Wﬁl lQ)Q‘Sje(?garncg,\iét er

than a SEESMPIERPRERHPYVErPr 82p4q reqiizes additional powtr, tduiresthe dde toeliugitog powver
22 to i nghpd fidgl nodes one-by-one on a prioritized basis. However, if
TPC/ TPA i s between the

Further in accordance with a preferred embodiment of the present invention the

power supply distributor is operative to provide at least one of full or reduced functionality
operation on a time-sharing, prioritized basis in involuntary power management. Preferably
the power supply distributor is operative in accordance with the following functionality in
involuntary power management operation: initially determining the total power available to it
as well as the total power that it is currently supplying to all nodes; determining the
relationship between the current total power consumption {TPC) to the current tofal power
availability (TPA). If TPC/TPA is less than a first threshold, supplying additional power to
nodes or power to additional nodes one-by-one on a time-sharing, prioritized basis; if

TPC/TPA is greater than a second threshold, greater than said first threshold, reducing power
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first and second thresholds, inquiring as to whether a node requires
addi tional power or a new node requires power; if a node having a | ower
priority, in the sense that it has been receiving power for a |onger tineg,
which is above a predetermined mninumtinme, is currently receiving power,
reduci ng power to the lower priority node and supplying power to a higher
prh i ori t yronagieiduAdgbdes @aablwnt Bn aqf}mrg@m Ea_slgi Howavde! @terreth erdeadésend dof
the present jinvention power supply distributor is operative to provide at
| east ond ord TFIPHEFHUCS FRHETIEGH &P P hgrep e T OAGIHIENY i PAUAT O'rPotfs i n
vol unt arjbdpQ¥RireSBORBE Nl odRPRYIAL a0Bwer FEELEABL Yedsh €rap AWRE bt PR in _
distributor is operative in accordance with at |east sone of the féﬁlomﬁng
funct i orPEWEF yior janjanegy Figned Sthasinisnpbry et herredsteaningdvininaymiting| e uFerty i n
accorda - WM o vial i wer
ot 1 e P an T e L A A b e 1P ononi p
bet ween Arivgtcuedeent total power consunption (TPC) to the current total
power availability P I.f TP is.less than a.fi.rst threshol
Beppl ying ol 1 poaddhPy iy FEGRER ol f et sl i Rk
basi s; iifivehRGh THRAver ssugpleadieribithans apeseeond piduides boleds: tiegbffuit had mai d
first t resholg disconnectk? i@gmer ta individual nodes one-by-one on a
priorit iSEEOBYEY sOPERiREy S mGifidipbaoin P sV EATE P VER| HAPETRIN A L8R ond
t hr esholpPgererabRothE rpoR@r @?plﬁdﬂfdﬁﬁﬁtﬂ?ﬁs SpeiBWe NP A OFRALH WRIS aPRYe koma Rt thef a new
res _power and a node having a lower priority than the new node

node requi \ 1 3 / | a

i's currgﬁiwng enctionatiy - ptiRlty, detaminipn Hecetplmywenavall g o ipi a5FArE4CABE from
pover aRtoeRPESEbHAo] PRedli8lePld BB i QLR P iPQWRRly E%Pfyﬂpgrto' Sid
accordance with a preferred enbodi nent of the present invention the power
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di stri bdtlbpower topdditibnal eodeas cacbpodanc e pribtifivet hesis; iDTPOWPAGs Ereatet ttanal ity in

vol unt ar, ment operatjan; .sensing _an. energency .. need for power
at a gi e%ﬁgg\%?hggynggﬁﬁé %&f%éir grzi’s &raﬁ’ﬁ'f’@gaﬁ“ n&%iélgtpo { & ?/“[diy l‘ﬁi‘fifﬁ esg?ven
node. Monsby-ehe b a@ﬁeﬂmﬁalrbaﬂs.}ﬂom_vg, pf @berTred ievbodednRal Bkt paiéﬂa sp&cﬁlaent
inventign .the power su istributor is_operative to provide at | east
one of ﬁﬁ?ﬁh"g’rﬂ’ RGUIFgR & Hé‘ﬁ&’ﬁw ngstose irwa{’@wcm i rlgé’d“‘iﬁirei TEAYIESS i n

vol unt apywOMRY a ABAPBEMRN iovdk @hierabIn tEnIONEde is TURBhY @E&hh% BistveF, i s
operative in accordance with the follow ng functionality in voluntary

pover nHASRTEREME Bp & iPgRTLY 1ode fram povwrstaad ﬁvmieﬁglgtth@hlgg@ramoamd%ai | abl e
to it ipywa@ccordance with a power conservation programas well as the total

power that it is currently 23 supplying to all nodes; determning the
rel ati onshi p bet weathet Ineaccerdansawithat prefeppedvemnbodiment of the present invention the

power supply distributor is operative to provide at least one of full or no functionality
operation with emergency override to individual nodes in voluntary power management
operation. Preferably the power supply distributor is operative in accordance with the
following functionality in voluntary power management operation: sensing an emergency
need for power at a given node, and thereafter assigning a highest priority to the given node.
Moreover in accordance with a preferred embodiment of the present invention
the power supply distributor is operative to provide at least one of full or no functionality
operation queue-controfled priority in voluntary power management. Preferably the power
supply distributor is operative in accordance with the following functionality in voluntary
power management operation: initially determining the total power available to it in

accordance with a power conservation program as well as the total power that it is currently
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consunption (TPC) to the current total power availability (TPA). If TPC TPA
is less than a first threshold, supplying full power to additional nodes
one-by-one on a queue-controlled, prioritized basis; if TPC/ TPA is greater
than a second threshold, higher than said first threshold, disconnecting
power to ingi,vi dual nodes one-by-one on a prioritized basis. However, if
TPC/ TPA P¥PE&t&dentlt medes rdatermining dboriglatipisbiphobdeen | theuduricny teigl powwhet her
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if 24 PFENSC VIR ERTET I RAITSE $BBIHECT 1R ARG RISHFIghead PIARUBATRE. 15 1 st
t hr eshodiuiventtp deeeivitg WS disconnecting power from the lower priority node and connecting

the higher priority node to power.

Still further in accordance with a preferred embodiment of the present
invention the power supply distributor is operative to provide at least one of full and reduced
functionality operation to individual nodes in voluntary power management operation.
Additionally or alternatively the power supply distributor is operative in accordance with at
least some of the following functionality: initially determining the total power available to it
in accordance with a power conservation program as well as the total power that it is currently
supplying to said nodes, determining the relationship between the current total power
consumption (TPC) to the current total power availability (TPA). If TPC/TPA is less than a

furst threshold, supplying full power to additional nodes one-by-one on a prioritized basts: if
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to individual nodes one-by-one on a prioritized basis. However, if TPC TPA
is between said first and second thresholds, inquiring as to whether a new
node requires power or a node requires additional power, and if a new node
requi res power or a node requires additional power and a node having a

| ower priority than the new node is currently receiving power, reducing
power toltHé P%d%\é‘feaiﬁ 3R atsgeand dresodd. dighet Yiangaig dimertheeenctth sedveing moder or

i ncreaseq inPGUES . iftng: [ po / N,
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current R r..avail abil.it TPA), I f TPC/TPA is less than a first
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whi ch genewdel y recei ve power one-by-one on a queue-controlled,
prioritized basis;.jf. TPC/.TPA i reater than second t hreshol d, higher
than said first tﬁﬂlfef&:’r’l‘?)qeﬁ,‘“r"tfﬁ?f??’_ﬁg Hoiet HFBt_%Fﬁ%iWWéWem _n%lé@ 8réeBy - one
on a primentidnzRel pOR&d Sipplildweitator it bpetite tBArdGdP/IVAE BnsS 8F Auff df Shuahd
second t.hreshglds, inquiring as to whether a new node requires power or a
node reé‘lﬂc?@’éhtyéﬂ’m&@‘%ﬁ'éq“eﬁﬁﬁé‘?“,ed ERQTFIn yohery pewer BaiAceesnpBigdrady a node

requi r eghedsikliet klﬁ)%ﬁ) dEQiﬁEtroF] is @&Fﬂti}?g ik Q@cd?@zgl%%_tv@tht 1?1901?95\%8@1 fﬂﬂcﬁoﬁ?it? ygue.

Further in accordance with a preferred enmbodi nen t present 1nvention
the po¥elEnanpergr Baragehenioperation: opéallytdeteemingngtho vitalepoater hesiblecnd inf f ul |

Vol nt ary o sonar R Bbileleon2RBHR, bR of Wk T8 SRIBEL el bl bt pfRRY TS
oper at i supplymgatcalidamizg détedmidile thel dehvibm)if bectdepniki turrenn 3@l WAt ary
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_____ first threshold, supplying power to additional nodes or additional power to nodes which
currently receive power one-by-one on a queue-controlled, prioritized basis; if TPC/TPA is
greater than a second threshold, higher than said first threshold, reducing power to individual
nodes one-by-one on a prioritized basis. However, if TPC/TPA is between said first and
second thresholds, inquiring as to whether a new node requires power or a node requires
additional power, and if a new node requires power or a node requires additional power,
adding the node to the bottom of the queue.
Further in accordance with a preferred embodiment of the present invention the
power supply distributor is operative to provide at least one of full or reduced functionality

operation on a time-sharing, prioritized basis in voluntary power management. Preferably the

power supply distributor is operative in accordance with the following functionality in
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accordance wth a power conservation programas well as the total power
that it is currently supplying to all nodes, determning the relationship
bet ween the current total power consunption (TPC) to the current total
power availability (TPA). If TPC TPA is less than a first threshold,
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their current nodereffatpowes pblﬁr@x%updf}"a‘xﬁﬁﬁutéﬁm%ﬁﬂ@g qance Wk na.cre E Lekerred
enbodi nent t he, present invention the power manag efre uni t
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preferred enbodi itigrally e pacesdante withv enprefenreti hempalient Mo AKE PRdtent&.
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Moreover in accordance with a preferred embodiment of the present invention
the power management & control unit communicates with various nodes via a data
communication concentrator thereby to govern their current mode of power usage.

Further in accordance with a preferred embodiment of the present invention the
power management & contral unit communicates with various nodes via control messages
which are decoded at the nodes and are employed for controlling whether full or partial
functionality is provided thereat.

Still further in accordance with a preferred embodiment of the present
invention the power management & control unit senses that mains power to said power supply
distributor is not available and sends a control message to cause nodes to operate in a backup

or reduced power mode.

Preferably the node includes essential circuitry, which is required for both full

functionality and reduced functionality operation, and non-essential circuitry, which is not
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Further in accordance with a prefer-red enbodi nent of the present invention
the node includes a swtch and a controller, controlling the operation of
the switch which selectably operates the non-essential circuitry.
Preferably the node al so includes a power supply and wherein the

controll efeqhisedot[a:ef@fh&éﬂ%h&icfn@ﬁt?%ér@ti&r@ an output fromthe power supply.
Additionally or alternatively the node may al so i nclude a sensor and
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via the power suppl 9 angért H{quéeogg%?ggﬁl i Eh:tpés '{r%dztegg%kﬁ?’?néi %tﬂt?}tle Bﬁ?ﬁ%’}t is
not avai R§nEQn thsontoriter otckirs ppertal eput Fomsik powesupily tdiadatiag eguatatspower
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[ fi
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di st ri buwah highest priority to the essential circuitry and if additional power beyond that required by

the essential circuitry is also available, it is supplied to the non-essential circuitry via the

switch.

Additionally or alternatively the monitoring circuitry receives a user input
mdicating an intention to use the node or a control message via the communications cabling,
indicating a need to operate in a full-functionality mode and is responsive thereto for causing
the switch to cause said node circuitry to operate in a full-functionality mode.

Moreover in accordance with a preferred embodiment of the present invention
the sensor senses a voltage level of electrical power being supplied to the at least one power
supply.

Still further in accordance with a preferred embodiment of the present

invention the sensor senses a control signal transmitted thereto via the communication cabling
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Additionally in accordance with a preferred enbodi nent of the-present

i nvention the node circuitry includes essential node circuitry and
nog-essential node circuitry. The switch also includes an essential node
C|rCU|tryf§%H&§h and a go?ﬁessentlal node circuitry switch. Preferably the
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including a hub, aptegverlit esconfancrodies 2 ardderndrEMBATERIE BMthE MbdeAGnGARBECt | NY

t he pl ur@kihby. Aede hub f di ng digital communication
t her ebet ween, IQnge povvel?l ‘é’gé’g hreeﬁo‘gef"s{) wbéﬁf‘%‘ronﬁél’ mpde pdenbpthethe essprtili de at

| east soig wet?smrmag npd)a/ve:lrcditq( ate b;@s’ﬁéﬂvesQﬁ%ss@ﬁtuﬁ%gcnonahty mode when the

essential node circuitry is operative and a sleep functionality mode wherein at least part of the

essential node circuitry is not operative.

mramgry

Further in accordance with a preferred embodiment of the present invention the
power supply provides limited back-up power. Additionally or alternatively the power supply
enables intermittent operation of the node in situations where only very limited power may be
transmitted over the communication cabling,

There is also provided with yet another preferred embodiment of the present
invention a local area network power supply distributor for use in a local area network
including a hub, a plurality of nodes and communication cabling connecting the plurality of

nodes _to a hub for providing digital communication therebetween, the power supply
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plurality of nodes via the communi cati on cabl i ng. Further in accordance
with a preferred enbodi nent of the present invention the ~supply

distributor is located within the hub. Still further in accordance with a
preferred enbodi nent of the pr esent inventi on the power supply distributor
: ?)cla'?ggt bsgrlgr)[ulflor emegv\ﬁt);{eﬁ tlve ?%81’0\’1&6 at ﬁ?t ISt\ég).r IO&FI‘&E} O\é\(?\é?rdg Fea&hsagl%tor s5a %t or-1s

Addi t i opéirdlity bﬁncaiesoradﬁmmnmwrn&man pﬁheihgrred enbodi nment of t he present

i nvention the ope atin suppl i ed. by, t he power .sup |str|b tor to
at | east some of w%hefgl{)rf‘\lﬁrw “ﬁ@loﬁepg 55 fHRPAY ﬁﬁ“@ %W IABHTH
i ncl udesuldekivPibRRWRN locaBldiLithid thethher in accordance with a preferred
enbodi ment of the present _invention the hub includes a data comrunication

concentrator, theSPbweRrhgupRSFOrases MBit 8r Prefepel utrdENEE Dl HiSr Prafl t he
communi CaLh@dn ﬁl@ﬁidvfég s&ﬂb@ngﬁﬁﬁu{otﬂ‘?s dRbRd %Eﬁﬂénﬂhg%hb ORjtrerm QBN o RerVi @ the

conbi ner to the nodes. Mreover i n accordance wth a preferred enbodi nent
of the erreéseﬁtstnbﬁmersthmrﬁd pefieliywiEhinibe hrdze@daaamilaoefeudﬁﬂm @t i on

concent rator and WASGELA,NC.RONRL. B! ¥ FLBLLE liflind® &1 58 bacaked

Wi thin the hub. I'n accor dance W't apre erred e I ment of
t he pr eswnattioni thy epdratong ;toher tupbhedmzz,l thelpswer mmnlg dsetbutmite att feoh seonceer at or

and wher sai su ribu s, also | ocated within the hub
and i ncP@Baeé (%8\%&3\,@%‘{?631%& %Haﬂ 318%’81 h@? E%CH%P P®¥ibi ner coupl i ng power
fromthe power suppl Yudi@r tifeaccoriange 6ati @rpr@faxbbd Rgnboblintdnt adfsthe pEdntes data

fromthe data communi cation concentrator. Preferably the copbi ner i ncl udes
a pl ura1“|VFV1°6fth%BE|[bfr€r”§es 246A COMMARICERPT COnCerHnsce AOVET SHPPEAITHOUEF t he

power supRkYs aAdtidiidNahd Yhd Boxﬁ:%ﬁﬁ&ﬂr%ﬂc@ab%é Qoanatarse{her S84 ceamﬁlrdmaﬁ of the
present invention the conmbiner includes a plurality of couplers and a

pl ur al i g3pcesfraqr|viasthg corabinér te HgMoess: bei ng connected via a filter to an
out put of the pogﬁsream Yocofddh éehsrmyg[%f%rag RO of B Sfésé{? ihyakiggle @

plurality of couplers and a Ur al ters an rality of smart

pover afhk bulatnchdeamdata ecprmntlmlmgloercpwmraor( BREARS)N thegavier supppl distribelong

connectegS 'loca%d l nétl a SPEAR to an _output of the power supply.

Addi ti ona { I'n accor(ﬁlance with a preferred enbodi mrent of the present

i nvention the poviill $urthet Vin dicedrtladzat @ith | ) plrafeles] ampodimiens wiphy , praswlt t he
power failure bac

P ccor daEEip £hF St BatenBERPIREn GRtHENp ABbtrdn said power supply | " 1"
distributor is also located within the hub and includes a power supply and a combiner, the
combiner coupling power from the power supply to the communication cabling which also
carries data from the data communication concentrator.

Preferably the combiner includes a plurality of couplers, each of which is
connected to an output of the power supply.

Additionally in accordance with a preferred embodiment of the present
invention the combiner includes a plurality of couplers and a plurality of filters, each coupler
being connected via a filter to an output of the power supply.

Furthermore the combiner may also include a plurality of couplers and a
plurality of filters and a plurality of smart power allocation and reporting circuits (SPEARs),
each coupler being connected via a filter and a SPEAR to an output of the power supply.

Additionally in accordance with a preferred embodiment of the present
invention the power supply distributor includes a power supply, and the power supply

includes a power failure backup facility.



invention the conbiner includes a plurality of couplers and a plurality of
filters, each coupler being connected via a filter to an output of the
power supply. Preferably the conbiner includes a plurality of couplers and
a plurality of filters and a plurality of smart power allocation and
reporting circuits (SSHEARSE: lea@hoztd@mqal efith h)e;brﬁgn@@rmﬂﬁjdﬂﬂenylﬁ el blekgr and

a SPEAR t opnadhti@h biput reover in accordance wth a
o of or red et oant ol R B E TR O LS ol T ok et

plurality Qﬁfﬂg@@umc@dsvuamﬂlza t@hmm&tburtqftl@a‘ pdvidris@ipdy. each coupl er being
connected via a fil el | 9 39 out put ofB_rrad Eower sup . Additionally the
conmbi ner may al so include a plruraret y© &uﬂP‘@FIEY aﬁGO@!efﬁ)lﬂGCﬁ al piugaliof of

filters arddtes qntitarpdnkraltzty 00fmGUBSWerROVEHioalah® bRl Aod EAVR RS
(SPEARS), . el ng, connect elc? \?I a% ter ésn@?BA%ﬁjég\ﬁ% COSUI

c
out put of tﬁ Com\lmg?eg Rer apd s pREARP en ?H@uwﬁhﬁ pasyer mepplal so i ncl ude a
plurality of COUp| eMoréer ia acddradndl Wi Ofrefelrkd §ﬁ§0d1ﬁ%ﬁpofﬁ/§ Jeseerél Pq%lﬁg on

connect ed Vi ao[rﬂ:fl lter to an output of a power supply
accor danc&u§ ‘%erdP‘éF@lS reRiuehtyoef paumerphnd heplprigtyentt filiany eath esupldrebepmer

suppl 'y di séinebidd Ofa al RtPREY, QLvl el ectrical power along the
conmuni cati on cagal nge W tnra%l'[ Y‘?ﬂiag ceertsglg[ﬁ% degradation of the digital

comuni cat i on. FurtAédti¢miipchocdahiner \Ma‘g/hala) richider & §ilrgith ot ERPlerOhind R

present i gyent ion cabll includes at | east one tw sted
wire pair Bcon egftq%dg? ?%ncg% Hraﬂg’d‘? SRt p‘WFFé “66\%‘? repemting A¥rsyiist (SBEARSEr a

twisted weach cpgiler lnhgmgnmhied Wiadiafileeriagd aPBARIBNS @hfﬁh@&‘thg SL& @R 1y the
power supply dlstrl or |ncludes a power supply i erfac hd power

supply, the communi &’ FEIRTT 2151 FHEPIRE nReY tadsor h’éfudataapbmhﬁxmfmnplem and a

concent f OV ielie e Walpi & VBRE Kohitk Rl AELGHE Q&@S&e&a and. L he, pover
supply interface Iﬁﬁl udes . a plurality of ters an Fﬁ"y f smart

power al |l ocation antOFEesh 4Cﬁ@' degice witht %PI(BSPEARS)bommc bf n‘he Ipi'eaéntbﬂdilgon
connect ecthy péwer iti onall
b sﬁﬁﬁﬁ&s&%uﬁa’? 1%&& nlfl%b]?e Q% zl.;l PO g’%f XIOP%%

accordance, with a preferred rfPF’HW“f
comuni cPPE wikau Hepcrepsibledisgradatidrentshe d:gmaITan&m(ﬂd:aMﬂe pairs connect ed to

each node and wher tra smtied. over a twisted wire pair
different fromt haﬁi&lhtqjeq(?ﬁ/\ﬁ %‘jq &h d "iapre%ﬂte?i EVL ?ﬁ‘f”te%rc?ft%ﬁféww“’i’%mﬂ the

accor dan d—‘énwtlnwa‘aorp raiflieg me:dldenbpléamb t@istdd@irP rpﬁfrec'&hnéc&}&et@t 2@ nodd gnd1UD
i ncl udes g, dat n| CZ%{I an conce%é]rat or, the Bovver supply distributor
includes a po 6?5159“ ST rAdestehyrarsibalens whishidgta iy eo rensmittddcat i on

cabl i ng connects thfbfdﬂﬂ:ﬂ}athe wmpg@tdlﬁﬁb&eﬂﬁﬁ&fdééﬁ@ }é} ﬁ)é}H}Einﬁ%Hggsar%Jppl y

i nt erfac% to sai d nog and the power 30 suppl I'nc
plural ity BSFESHRRLY: dhe femmunieaiion | Gebngonsaets tthepdnl&emorahiuomamomcnramtrator

via the power supply interface to the nodes, and the power supply interface includes a
plurality of filters and a plurality of smart power allocation and reporting circuits (SPEARS),
each filter being connected via 2 SPEAR to an output of the power supply.

Additionally in accordance with a preferred embodiment of the present
invention the communication cabling includes at least two twisted wire pairs connected to
each node and wherein power is transmitted over a twisted wire pair different from that along
which data is transmitted.

Moreover in accordance with a preferred embodiment of the present invention
the hub includes a data communication concentrator, the power supply distributor includes a
power supply interface and a power supply, the communication cabling connects the data

communication concentrator via the power supply interface to said nodes, and the power
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reporting circuits (SPEARs), each filter being connected via a SPEAR to an
out put of the power supply. Still further in accordance with a preferred
enbodi ment of the present invention the hub includes a data comrunication
concentrator, the power supply distributor includes a conmbiner and a power
supply, stfigy aneraesiisabian sablibner aRaeal s §1ha1idad G maf RN hidthkii@Nand
concentrator vi.a the conbiner to the nodes, the conbiner includes

pl ur al i FSPOTHR LGHPE ér8EARE: 420 Girell hRR BAnERe afase ahlgAR tHIanraqy ﬁng smar t
power alh@eah,bop. and reporting circuits (SPEARs), each coupler being
connected via a filter and a SPEAR to an output of the power supply, and
each coupl er has aill| kader tnwecpuitse vk dfprohireh snbodimare of dbe th6es&tport of
t he dat QERYUR i C 5 t L.ch 1S €0F ted,

vi a com%luvgl catl %%ﬁséa‘gﬁ%& g#%@ﬁ@%‘?%?ﬁ%ﬁ%%ﬁ%@% %osgggl? d,?AS i t%lﬁonal |y
i n accongades avianibinerpref erpaved sepPedilreotmofinitdenprablrentontiecty éhe ideya t he

hub T neLyges, B A8, COMN call 00, ConcentL ALOL L NE, DONCL. SRR Yoy
di stri butor I'ncluaes a conbi ner, "a managenent” and control "unit" and” a power

suppl y, of bewpteommina ehirkian of dadatsi ang L ploratict sf sadrd peladrallcanom and adponing

concentrator ,vi he conmbi ner. to the nodes, the conhiner includes. a
pl ur al i 474 @oﬁfpﬁﬁ-ﬁf 8¢ ﬁaurgéquemggcrqnflgff if b EF S B o LA O_Eﬁhesrmrt
pover abbw&atpi At paRdrgs & 1EL&H S pérBPBARS) whieR & LofuRIdan aliRkng
connected via a filter and a SPEAR to an output of the power supply, and

t he SPEARJAE cgpEratqaan conceripaspr anddhe prlier ofgriuefeivsninesiod Vi PRMBYNEAPE t he

current .£0ns UIBhd dthehrAaiRede gennected thereto Still further in accordance
with a %ref%rred engogll ne]r?lf o? tﬂe present invention the hub includes a

dat a communi cat i okddiuemdint maeeordanpe wower pefippidy edbsiimeduebthe preséntides a
conbi ne | Yyt he | L.on_cabling conn dat a
cormuni B EHtEn B RIS IncRURE: ot QA RIIEh RENRREF B Bk SO bl

i ncl udemclades acetiner, a afanegeuphess] andobuni andad pdwergfipply, ltheetsnrandcation

plurality,.of smart power allocation and report.i circuits, (SP , each
P oupt or Bl SRR SRt P Rl S AR S0 SIR TOEOL RS over
suppl y, cortindr hachREARpIusalieP 6F abuples bAd biplirhlityeF il 4AdM BFATENGS stigpl i ed to
a node connected thereto, Still further in accordance wth a preferred

enbodi nRAYIET GOFaHEN SR SeRSTting GitFanRt (YrEATR $AGD crrRiprREe wrastted YomHinT cati on

concentat-08REAR & ROWBHuSHRE ¥gwérsstubialkpymrche isPEARISSpéa i8St ANHe @ power
supply, the communication cabling connects the data " conmuni cation
concent PEPMEt 4nd pRNTERD Hbit HisrcureniticnBsuTges of ¢ hedeontrcisdthareiel udes a

plural ity of COURl®hFuRNdy 2dbiibald Lnok g%@%@wmn |4t @i b4 smart
power allocation and reporting circuits , each coupl er being
connectievenispm the Hubl ineludemna data SPEARN{catiancowemtornthetgoer supply distributor
includes a combiner and a power supply, the communication cabling connects the data
commnunication concentrator via the combiner to the nodes, the combiner includes a plurality
of couplers and a plurality of filters and a plurality of smart power allocation and reporting
circuits (SPEARs), each coupler being connected via a filter and a SPEAR to an output of the
power supply, and the SPEAR is operative to limit the maximum current supplied to a node
connected thereto.
Still further in accordance with a preferred embodiment of the present
invention the hub includes a data commurication concentrator, the power supply distributor
includes a combiner and a power supply, the communication cabling connects the data

communication concentrator via the combiner to the nodes, the combiner includes a plurality

of couplers and a plurality of filters and a plurality of smart power allocation and reporting
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power supply, and the SPEAR is operative to automatically di sconnect a node

connected thereto displaying an overcurrent condition foll ow ng el apse of

a programmably predeterm ned period of time. Additionally in accordance

with a preftemuisdSREARG] BRAt.00 L 116, PIESE i nwention the hub includes a

dat a corrrruEgWgearti on, con entrat%?,_ tt%gopoméng%d ‘glﬁ%\éﬁ T i SR Bran suRyt gdds a

conbi ner ahd 3 PERET 284 YPEARels comsting tatiomataili digosaNeGloge g daka

conmmuni cat ihereccc ofiegRyhat f Uit conbi ner t he nodes, the conbiner

i ncludes a pluralit of coupl ér%‘ﬁéng alnp nurft%ﬁ?‘f’i?go@a??el t%r & a@feRrgnmably

plurality Bf %W‘Ee%&‘ﬂéﬁ ohlimgcati on and reporting circuits (SPEARs), each

coupl er bei ng connecfgd;\vi,a amf idclctr%r and.a SPEAR to an output of the power

suppl y, and tnge S}PI??EEhAR i's operat f Ve ¥ altOndt PERrey embsdormmecyt feweresdi om a

node connB¥ngaEn threhdt mcdideph ayhngmannRYESE M-t ondi L foll owi.

el apse of ;3. 4Ly %g{ggll%l y (ﬁnr edet erm ned peri od o_fa tli?rlg pglﬁgpfugggu@g%?‘%al Iy

reconnect the node to Power % RBYEafPel: tithepmirtningidnorahbng dbspicayset diga

over cur r erfomgandiationoncitrdibr FibiHeRBMbidd: BEGRLIANCE, WL Lh. a preferred .

- enbodi ment_.of the r\%éﬁnt “invention the h.ubngg%l (b Sombing PaliaghmplHratist i on
concent r ator-"HHz 2Bd urghigy ftyiiligrssand; oplueadity ohehardeswa A1OEHRIOH Qihd Ehréngooner

supply, thkecdefRPRBARAL QR Sakk, .-t he. dat ni cation
concentrator via he®conbi ngglei%g['} Lce&gﬁ%géeiflgfﬁgerc%ﬁtﬁ i?%ﬁb?%é@t@ﬁhe
pluralityPo8f" TEP &rd hentPRaRliuereritivy tofauforatieny dadnfecdbihal ﬁg% Ohogmar t
power al | eskied tiaRds, ' ircuits (,SP ),. each coupl er being
connected via ta ft il tg.ro%ggdé’wg %pﬁ%ﬁ”ﬁ%maﬁm@m‘)ﬁ:?Pll%wmg F&pspeive rpregrppimpblyand
the SPEARPiCA¥PTHesd perindr ofetihie siedsobushiGiully GCQIMES A YQhd AJS, d Hpul \{%ﬁ?

e

froma powst, SH d.generates a signal which is proportional {6
current passni Inggﬁinﬁgﬁdgfﬂ%%%lb%?ve‘a"ﬁﬁm& RBFEPHI i city of conparators receiving

the signal from t heStilufureiet BeNSOidan@ndidl § jving .a reference voltage
Vr ef frorqh{,&gigg%é e ref«arence vol t age éourgpéééﬁgre g’?)gﬁ‘?f‘g}tt eﬁ"reef’@ﬁ‘?é‘ﬁce
vol tage sour ces 15 B DIPGHF Shindpik SopBgicatierecarctittage, ths poreesuppROdikEiBeioy €

control iingudes 4 rconbienaAse e Pbws r ircuits. Addi.tionally the outputs
of the my tiﬂﬁl} i ci.t%eof corrpa?a‘itvor%gﬁgy%eeggrhu%ﬁ?lf%tﬁmt ‘51%5‘%% Cannestit thei date er

and swi t ChEMPERUP R E/ICE BRIy theombmgetovie nudea, thB @obinteMEILaENS Plurand

provi des o couiléreRhd al gk out Vout . Furthernore the outputs of
t he conpar at.or gﬁg&ﬁﬁé}bﬁe sutggolf?/fg%}%gﬁrﬁaﬁlﬁpgheﬂ&“ﬁn BRI rAdpcation @uftreparing er ve

as noni t §FFHE € prab\odplagbeing annedtédoda b Gaay AHingSEH R B%&U&F@t'gf the

fl ow ng Hhreugh,ih il]l further in accordance with a preferred
enbodi mstgt of ? ﬂ%’ g?dsgjg%? Eﬁ? f”ﬁ{Vg‘?‘ft‘? EHTh &b wWhisk Irepgevss a vibdtege input Vin

comuni c &PMoh Poviec smtpiphod gehd?@eP @\WRIna S WRRNY:s qiréﬁorn!i&ld} % the current passing

therethrough, and a multiplicity of comparators recetving the signal from the current sensor

-

a . .
nd also receiving a reference voltage Vref from respective reference voltage sources.

Preferably the reference voltage sources are programmable reference voltage

sources and receive control inputs from management & control circuits.

Additionally the outputs of the multiplicity of comparators may be supplied to
4 current limiter and switch which receives input voltage Vin via the current sensor and

provides a current-limited voltage output Vout.

Furthermore the outputs of the comparators may be supplied to management &

control circuits to serve as monitoring inputs providing information regarding the DC current
flowing through the SPEAR.

Still further in accordance with a preferred embodiment of the present
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i ncl udes a conbi ner and a power supply, the comunication cabling connects
the data communi cation concentrator via the conbiner to the nodes, and the
conmbi ner includes plurality of couplers each of which includes at |east a
pair of transforners, each having a center tap at a secondary thereof via
whi ch t he DGO thegaibi igciidy ot Gt amhmuiicionfcoaceninhst, eitk paidr suggndeetedor

t hereto. h el e C ith_a preferred enbodi nent of the
present ?ﬁgg%%?ggb# @Eﬂﬁﬂfgﬁ%ﬁﬁﬂéﬁp%&dgfdxﬁgﬁﬁﬂ FEALT ch%ﬂggﬁfﬁg?dgy'the
power suppgPyrginsenpbyboentritoe bades @nbarbitnethe aded POWRE PRI, intiD&=s

conmuni cat_i an: ling., cannects,t.h ata. conmuni catiogn concentrator via
Che co: RLPlieh ¥R icalits SN DEGhER PGuip haS bt co gt ormicty GrFR poving o
coupl ers eeutr tof avdecdnduchatelsiabhib R8s DONGLE Yed QF IBE wirk & BwisRd pair
characterized in, that it includes a secondary which is split into two
separat e WHAFRIPELY a capacitor which is connected between the two

separate windings anddmbigh @f fRetda¥el WiGonNSetS 4 %btow?nenwcﬂdmg\%és&t
series for hi %ké frequency signals, but effectively 1solates the t

wi ndi ngs {TOFRSE, theGpb preiuden 2 daia seaanaisang ¢pngensraedrethe @dwenbopgindistribofort he
present i pRatd QNedufiBne- B 4 BGLUd uni catbon concentrator, the
power supply distri buteér I ncPudess'@p%égﬁéb?%rg%%a g %ag\?{%? Cg%eﬁgy?het ﬁ"’eta
comuni caf¢RLEadionepnetectve: theecodwimar ¢onimunbdma) beintheconddndriatiodesvha t he

combi ner 10044 e.conbi ner, i ncl udes .a pair . of capacitors

whi ch ef f%c?ﬁ?‘{}g‘?ﬂ;}%ﬂﬁg"@ RO PRI Sr“‘{llﬁastt A0 P s SRR erized In
concent r athetif }nStUidbé a fagptdaey whibh BGPOT ERNGe sépdrite vikdiRlQhl @ GaSIHRe WARALs Of

t he presepotnneétncbv%ntl on the hub includes a data comuni cation concentrator,

the power “CUBPTY PEIVEEY iBULE? SCRATHE uHBEngs apdivhieh Hreivalypsomecsudisl %o t he

comuni cawindings abkdrig fEORBIE EESuchBE sidAllA but OFTARLGAL n&,p@ Lla the
conbi ner 1%@ t he nodes, an% th?ec%en%lgner gorrpri selg %(%/1\/%95 g’gr}?@ 0 %:r%%aﬂé%tors
t

whi ch eff ively block DC fromreaching the data conmunicati on

concentrator. Addi FuaR&ih Yocbla R GRIHIARER Ernb@diﬁgﬁfo?gﬁeﬁgesggtqggh?%?tct)lrie()f the

present invention the hub includes a data conmunication concen t he
power squ‘PynﬁfP%?Sr‘i e lommuaickiieie songemstdsi Her paved sappipvidstributpp lincludehen
comuni Cabh®iher 364 L REWED t t.a. _comrunication concentrat.or.via the
conbi ner to the no_d@s‘:v a%gﬁ ? ’h@e %gﬁngﬁqﬁlté%mgocﬁpW%%%msm g@l 1 S aHEREgon
capaci t oroneesyatgn diat the ashipingrep the ssdes,omdohe nodbineiaplui®iga @hik @fickpacitors

ot oS ger PR Lok RS R gt

power managenent &Still further in accordance with a preferred embodiment of the present
invention the hub includes a data communication concentrator, the power supply distributor
Includes a combiner and a power supply, the communication cabling connects the data
communication concentrator via the combiner to the nodes, and the combiner comprises two
pairs of capacitors which effectively block DC from reaching the data communication
concenfrator,

Additionally in accordance with a preferred embodiment of the present
invention the hub includes a data communication concentrator, the power supply distributor
includes a combiner and a power supply, the communication cabling connects the data
communication concentrator via the combiner to the nodes, and the combiner comprises a
self-balancing capacitor-less and transformer-less common mode coupling circuit.

Preferably the power supply distributor includes power management

functionality.
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control unit which nonitors and controls the power supplied to various
nodes via the comunications cabling. Furthernore the power supply

di stributor may include a managenent workstation which is operative to
govern the operation of said power managenent & control unit. Furthernore

in accordance with aApdiebeiresk W@hﬂﬁﬁﬁis&fbu’t@“r‘nal?zriﬁéﬁc?lta oY ENELON Lhe
mual t1 pl e po nt

managenent CC\)/\rerolfsJ ati gn governs the operation of _ ower nenagene

& control GAres. B EPERaBPYFEhand okpeiolatiia grarent sugplisdntor wdricumitodes via the
communi cat esnwi:tibatiak cgiisg nodes via a data communi cation concentrator
thereby to govern their current node of power wusage. Additionally in
accordance with a pridféereade efbonpemturpiy t fietrpnesenty ncvéntd OfardaBengewer

managenment w&Leandd Qh;ni i Wi t h vari.ous nodes via control
nessages \A\ﬁi_ch are dggg%%%&gmﬁggﬁ%ﬁhseor%augflgfé PEYEdH BECREHF 6PNy

whet her f W or partial functionality is provided thereat. Additionally

t he power managenent ontrol unit senses that_ mains power to the power
supply distributor iFsui%l%r AR Iagﬁ?rga%ﬁdwggnﬂspréfeﬁ%tfif%h"d%*sﬁeth{eop@éﬁ%e

nodes to inysatian hd mamgkaek uporitaon dsoats BRWREIBASE rEHLINGLD de
i ncludes g gnqgoil L circuitry, which is requ}&r%ed for f)notlﬁ %ﬁﬁn&é@ﬂﬁp

al
functionall f%y Thd™Feduced functional i ty operation, and non-essenti al

circuitry, which isPrgrablyQEIbGRY %ﬁagéﬁ%ﬁggﬁt%?%bjt%gglajué%éﬁ %gie“;. tion.

There is further provided in accordance w eferre nt218FS t he
present i AYEHt DA AarroMmBMcREen eancentreruheraby wogtvenr their nEtaKD ode RE PN g
the stepsugdge. providing a hub, providing a plurality of nodes, connecting
the plurality of nodes to the hub for providing data comuni cation by
using a communi cat i 6Adiailly, inanckonfraratwity a2 pROMII esbER¥ndbStihd BittLh: t O

provi de at;¢kgast ratin ower,to at |east some of the plurality of
nodes via said cttl)lé gﬁ?%g@ﬁgeﬁn e@%é‘?@%ﬁ‘ﬁ?%@”&’“‘ﬁl‘?&“ﬁ?@hﬁ&éﬂs neflea ¥ecroaanlc e

with a preFeagedveichadi dendedadt thd@odepraRs @RS ehply ot Po‘?%ﬁ’trd?ﬁﬁ{%e&@:r full. or
setting-u arﬁal'iﬁr?&ionghea net_v\(g{)égl node in a |local area networ I ncl udi ng the
steps of providi NG 2 HEPORAEIEEHg a plurality of nodes, connecting the

plurality of nodesaadiisray thober mahathidhn Shalital SCROTHAI GaLL 0D, BV UST N0
comuni cati on cablplg?g,_ and Qperatlvn% a power supply di'stributor ! pPow de
at | east SERSWEHERNY HistriBwiRess nop axtilablecand ssndren Gahtod mebmgptaitalst tiydaftonodes

via said dpeardiich Batkéh GAUANBE FMdHhkabl ing, the local area network

Furthermore the node includes essential circuitry, which is required for both
full functionality and reduced functionality operation, and non-essential circuitry, which is not
required for reduced functionality operation.

There is further provided in accordance with a preferred embodiment of the
present invention a method for setting-up a local area network including the steps of
providing a hub, providing a plurality of nodes, connecting the plurality of nodes to the hub
for providing data communication by using a communication cable, and operating a power
supply distributor to provide at least some operating power to at least some of the pluraiity of
nodes via said communication cable.

There is also provided in accordance with a preferred embodiment of the
present invention a method for setting-up a local area network node in a local area network
mcluding the steps of providing a hub, providing a plurality of nodes, connecting the plurality
of nodes to the hub for providing digital communication by using communication cabling, and

operating a power supply distributor to provide at least some operating power to at least some
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node i ncluding a comunications cabling interface receiving both power and
data and separately providing power to a node power input and data to a
node data input. There is also provided in accordance with yet another
preferred enbodi nent of the present invention a nethod for setting-up a

| ocal ar network.i ncl uding, the ste of roviding a hub, providipng a
ol ur al | £y PUREEST FUEARECErMY S HE BILFRTYYoBn AERE. 15 1L TS5 br
provi di hgdedaichidoemalgdneaidi@fiord @aglommimitati efi6abltong poaadatpesatang a
power suppl distributor to (?Jovi de. at Ieaq%t sone oig)erati ng power to at
| east sB‘%gra Y PIREIRERCITE £32 BEISTONES P 4% Fie 16 BRRTHEEATPYn cabling, the

power supply di stThebuikQlsolpRGlidtdiindcRpWREte BRAZSEIBMer plotRCl RB&ihbM of Ther e
is provided in accordance with another preferred enbodi ment of the present

i nvent i B RIcHBt REENosra wthadni§r gpitagiuecialocal eaa nempsk knohsiner the §iseh pf

di stri bytQuidOf b i I - jy S

BT oVt di B T TR L LD PLAIRG gL A Pl 168

conmuni EarFordiesdits ngnownicaetn Yig comaupicanien fablingfand ogerstitga powrlupndy

provi di E'igtrig @F {oa}gr 918%%553%&1 g érgt%ge;?o%%g De [e%shgorgé) %{hesyﬁﬁit% P Iosdtesr | but or
bei ng operative to providé a PEast Sone opera%l N powsr 1o ' e85t sone
of the yhukatimyudtativadesling, ahd hewerc appiyndie@ibion irealdidgngowet heanegdnsnpr ovi ded
in aCCO@datnce.Wi th the present invention a systemfor distributing

el ect ri ®8f'%aWEr over a data communication cabling infrastructure to one or
nore el ectrical Iphewek oWgedTidgedoedantd kvitlesolRE pEFdTRidl ShB\Wlirerl ¥ ahe

communi cations cabling network, a source of electrical power, at |east one

g
pover / RIFETCENEN082 BHURT &Y CBTEHP LRTFeHBRetverte BT cHPPI SHETOUE At 0 t he
dat a camaynhaadal anRs dealdk Q:gmﬂﬁﬁ}‘}grtllffi stte;gleofaﬁrojvigﬁgtin&@(ﬁngg%ﬁ,/ ﬁ%@i@ingcapnb' ner

operative t_orpgener ate and inject a | ow frequency power signal ontC a data

comuni Raelity e neflesramd comeminiation eehthnetrenerstiag thermiwmiityatfinodes teablubrfer net wor k
so as t i : j . i i | S out put
ont ot Hao e et COTRLACH R UG pRES, MR MY g Bt 21
splitt gp paclaget @dedso soree eparatinghpowentoi adekst poweof thatpdursiitgnel nodesdvis sheext r act

and separate.t er ef om t he original data communication signal and the | ow
COMIMIITHCALION capling. . . .
frequency power ~Si 5na¥. The data communi cati ons network may conprise an

Et her net baShereliopadvidddan acdiedanoe kvilhlLBBpresditanenyied 4 dattemaoibisimdatirgan be

i mpl enented as a standalone unit, . integrated into a Local Area Network
(LAN)  FAGHSA PRES QYT bOAP AFETMEAR CRO EART 2SR 19, =0T SERERFdat a

conbi NgowkRYoaRRIy SewarkPHdiick idoyhpabingdal dat® tbimuRREfioR0bEn@Rgtwark, Bl ural ity
of data plus power output ports, each data in port and data plus power
out put SPEcE of electrical power, at least one power/data combiner coupled to the source of
electrical power and to the data communications cabling network, the at least one power/data
combiner operative to generate and mject a low frequency power signal onto a data
communications signal received from the data communications cabling network so as to yield
a combined power/data signal which is subsequently output onto the data communications
cabling network and at least one power/data splitter adapted to receive the combined
power/data signal and to extract and separate therefrom the original data communication
signal and the low frequency power signal.
The data communications network may comprise an Ethernet based Local Area
Network (LAN). The power/data combiner can be implemented as a standalone unit,

integrated into a Local Area Network (LAN) hub or into a Local Area Network (LAN)
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formng a separate channel. In addition, the power/data conbi ner is adapted
to receive electrical froman AC mains power receptacle, an

uni nt erruptabl e Power Supply (UPS) or an another power/data conbiner. The
power/ data conbi ner conprises neans for filtering high frequency noi se and
ripple, for senSingoverédagursmebiteri mag hembow £ poalRNGY BEWHy SipgNgbrs &ef a

connecti ngyand;., di cting the | ow freguency power signal to and from
the conbi ned ‘otgt pu‘?ﬁ%@&lgrpf Hjae? P iRl eaé:ﬁgia‘fadfl P&E& %@tqaﬁggﬁ*r“op‘?‘t‘f‘éd’u‘é’ﬁﬂport
over | oad c@n‘dtingia)nspaone tchenrebntih neiditiout Pt pav@nelith dahbines 119 A pted THCr Y SE €M
further CoMpIiSEs 2 maneggrrent unit for nonitoring and provisioning, via
the data commini call She“caBii Ry HdewBrkle, thanipswmer riaPaveotpheF¥Shagan
power / dat ansthkf pdvesradatd @edid i n the data conmuni cati ons cabling network.
The power/ dat ac_)[shgl itter can be inplenented as a standal one unit or
integrated int POV K ecompRigespmoiss / fga tiateg aarbighefrequaycycaripr ame an
AC/ DC or [oC fepWefisind @RV e & i Ofhe CORVEBES rgcted | ow frequency
power Si g% into onsén or nore (t)uIt pu'? geloﬁ%[gjgeg% tp?%‘ee}ra)eg}gf}%’ éf?rS(%mB‘F%‘\?igd%“dFi n
accor danc &ISaPaTsCting therlewemquprpyersvicomigaalrre tehd drchothe aivbinted butpun gowdrahita i-cal

power ovel;.aa1dakie: I,Gat cabling, infrastructure to one or nore
el ectri caISIgg%\?ﬁrd 8gg§fg&r1{1&ﬁgn%n18?%rf % (ral\(};i%cceoélfm’toﬁ%o HETLIs oMY PRYVeTfidtast eps

of generatigng. a | ow frequency power signal froma source of electrical
power, injecti @geghf | Qw fre%tljenc%; power signal into a data conmmunications
signal being cartied overt FETRIEES? FERRERFEHI GRS mopising #gd pervigianiags Bizas t o

gener at e ¢heclanbéomeeufiomené Salliag SbGRRL, thd ﬁ%ﬁﬁh@at&ﬂﬂin‘%:ﬁeanﬁg)mg&ga splitters.
power / datﬁ) Si gnal onto the data conmmuni cations cabling network, rdcer Vi ng
the conbi FEYET FHME A RSOTMUNAHPISCAPlneS Y Er t he data communi cation cabling

network and sprhd bbwel/dahespieMbinNRd AL ional so.as.to vield the
data communi cat i o% Si r?al Spslepar a'[%drr%r omnéeﬁzagaal %%V&E%gaﬁglﬁc?{/%ﬁﬂé?fﬁ%ﬁal .
Further i FFTyedoredpee et poveetdpief eambiebr enyodiompnide af AQBCpoe DODCH puvant i on,

t he data i i . i nci.ud n. Et hernet based Local Area
Nt vor k ( Fareat! b AR fack Bl R e DR s roms e of

t he presefiltagedventi on, the source of electrical power includes an AC mains
power receptacle. The _source af electrical r may al so .include an

uni nt er r upt abl e Pom&er%ﬁp%ﬁofr‘(’ﬂﬁféf{“ aggordange t"feﬁ’nmg‘?lp&es% 1ByEEPY afeedhag R a
pr ef er r eddigribadigedtriafl poher Plsdite comPMeRid M bablileinfBlARMre [18dR8 more

i ncl udes é&%icsa e&g of . filteri ngkf hi gh frequency noise and ri pffl e from sai d
| ow frequéency %B FT OREHHPS NEtRiEs fRy19eh dhemipthad tomprising e Seps ¢irgshereting/a power

signal, low frequency power signal frem a source of electrical power, injecting the low frequency
power signal into a data communications signal being carried over the data communications
cabling network so as to generate a combined power/data signal, transmitting the combined
power/data signal onto the data communications cabling network, receiving the combined
power/data signal carried over the data communication cabling network and splitting the
combined power/data signal so as to yield the data communication signal separated from the
low frequency power signal.
Further in accordance with a preferred embodiment of the present invention,
the data communications network includes an Ethernet based Local Area Network (LAN).
Still further in accordance with a preferred embodiment of the present
mnvention, the source of electrical power includes an AC mains power receptacle. The source

of electrical power may also include an uninterruptable Power Supply (UPS).
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connecting and di sconnecting the | ow frequency power signal to and fromthe
conbi ned output power/data signal, detecting no-load and overl oad
conditions on said conbined output power/data signal, and converting the
extracted | ow frequency power signal into one or nore output voltages.
There is further pAd¥itgadhi nn asevedwace i 2 rrefhsed casehmeitn@eribs diieinisy st em

¢ di stributi . . e PSS TS )
or di strlRuti g QLEGHT #.6al, 19&% zté’ &Epsfofdﬁ&&m%‘grg%@%%%@ﬁdy%&%h'r Jle

infrastructure’to one or nore ctrical power ng ‘networ k devices

i ncl udi ngroan shad Rwclbenmgnd oEtweo ign@ adsh §ing the metrawrik saidlogdiaqpencgfrorfcesigndl.cal
power, power supply neans for nerating. a |low freguenc ower . sl | from
Phe. sour cb e 8ay A Ear cpster B nEr ey heafl abfiCa ol IR e
conmuni catipanpoveahlziangeme tdaetlag ddiead anbovrebadreadsiohoon sanj eohbingd dliputl ow

frequency power .signal onto.a data co ni cations signal being carried
over t he PARPRIXHHAIIY T PBASI Rt PG HHaP WOF RSB RSP S PR 8% BB ed
power / dabatpgiqn@g@s_ regul ator neans for regulating the injection of the |ow

frequency power signal —onto the _data conmunications signal, the regulation
i ncl'udi ng, but not TR§TRisTEhr ProvideddT AEPOFFRECS Witk Ehei RETICHATERECT B T2 iency

pover siygnauiaf diebd@hitdod@r bl aCAfy @HmurfstibAEIHIAR iMoo 64 6akékng t he
| ow frequency power signal fromthe conbi ned power/data signal and for

out put t i rigctrisd peweli pensunianga netwivniudevises Bivludiigyradata rrdmpivaicabenst cEdiEncy
power si Fu r.d C it ferre I t e

pr esent ?%\%Jgﬁ iaogr?h&%eofl egeé:?%%g%%hﬁ%a ' %ﬁ@yﬁg%&grfir % ﬁ%%%géw fﬁ%&%%cget
based LopawerAsiema! Nedmoh solmAd)of eBiciddal howet) exombineacmansd asupdediid hhea data
preferred enbodi nent ‘gf t he (f){;eﬁent i nventi g{g.t.h&}@g%\{\e{ ) %)@I%( device is
adapt ed CYPPERIETHADS SPRIPEMERAIT PO RN ACTRET Y 16 er83’e% &1 PANE power
suppl y dsighdl@nttydad s6mieniddmps signdl Ocihg Carée odraRd ddtL &mrhimiatians cabling

uni nt errupt abl e Power . Supply  (UP ditionally in accordance with, a

S) .
pr ef er r eBW¥RBO AR YLD ?k@”}?&@gegﬂweﬁgﬁ@eﬁ‘ﬁ“iabﬁe%w FE3ns JQU iTEdI3Hg Nles

neans f ofy;dciibk &l 18 1BLIReducREMBBGY BRhACORBGLE | DR BommIMIERRME sidrdl, the
accordance wth a preferred enbodi nent of the present invention the

regul at ofesHBYPE éciuiéng, dus noreliintied b cstsing g injsetiaauefr @hlow drednency Rewer
fr eque”CM%IE’ég}Aﬁg finlt Al curbfidb il 00! rlné(aﬁl's orfxtr &91%;? oWﬁteQuéhcp TOKRF Eigfhl

enbodi nen e present Ihvention the regul at evice includes neans for
det ect i nfomothe cathbaed mver/ioadigrenaid faormtpuiing the wigivhl Add @opurcation

power / daj. i L,.3 till further, in accordance with a preferred :
enbodi magr{gnagf'&?ﬁlg l%vfgrg' %etmL'yF%W/%ﬁ&ln%Ih, the system al so i ncl udes a managenent

unit for nonitori Murdedinptavisconithg praféreed dnit@di@dnacftbapresdne atvieous: thabl i ng
NetMOr K, D RN Ak 2ot oMPL RS o M PRI B g 28 30t NSk Lany,

Still further in accordance with a preferred embodiment of the present
invention the power supply device is adapted to receive elecirical from an AC mains power
receptacle. The power supply device may also be adapted to receive electrical from an
uninterruptable Power Supply (UPS}).

Additionally in accordance with a preferred embodiment of the present
invention combiner device includes means for filtering high frequency noise and ripple.

Moreover in accordance with a préferred embodiment of the present invention
the regulator device includes means for sensing the current in the low frequency power signal.

Additionaliy in accordance with a preferred embodiment of the present
invention the regulator device includes means for detecting no-load and overload conditions

on the combined output power/data signal.
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| ocated in the data conmunications cabling network. Further in accordance
with a preferred enbodi nent of the present invention the extraction device
i ncl udes an AC/ DC power converter for converting the extracted | ow
frequency power signal into one or nore output voltages. Mreover in
accordance w th a fefrerredieahotin@ntyigf 2t BerplgS Odlmqé/rgngf% HP“Q%}%

extracti.on device includes an DC/ DC power converter converti
ext r act 64§ 6W™ F'f SYUERAS D EREHeS S ’@ﬁ%ﬂ SEMARtGGer @Tonrtwr@ ot ;pmtfiswoilngages
B DRRCR BT GReabhs LBAW N, Ihe. Bbesenk, LONGDLL o 1L, diE der st ood

and appreci ated nore fully fromt he | om ng detai escrip t aken
in conj URTETOR thi daw 'Fq’iémﬁf"éwqiigéabﬂlng WTW@Hx Fi gs 1A and 1B are SI npl | fi ed

bl ock diagramill g§khati,Qn td rrb ments of a.lo area
network including a power éodg%f%/wg%gkjéﬂ'ﬁr{/% 10" @g‘h%i}r@&?‘?i‘ndyﬁﬂmo ’\7\er to

| ocal aﬁéﬁaﬁ@menmdb@emwerA@@tﬁmnwaabmmnaaB:lrl dftglv&aﬂgttﬁ@@k@@t@pqi)w
oper at | dange vmth one preferred enbodi nent of the present
e A L I L R A

i nvention ock diagramillustrations of

two alternative Mdmdxerrﬁnic&oﬁﬁnoa WidGAdre @A eRBbURIcK: dMAL HEsOR ifveRQUET
supply %p at i ve ‘%o Lr\ge el e&t rical power to |local area network nodes
over colffiu caﬁ??rb PRSIt HNRE e PeUCafRIveBaT faf icorverting the estratesclowni t h

anot her fipfiedney pedleraftadiHf®ble d?frnofr%ut}%%gggesl nvention, Figs. 3A & 3B are
sinplified block diagrans of hubs useful 1™ the errbodl ments of Figs. 1A

and 1B respectively; Figs. 4A & 4B are sinplified block diagrans of hubs
and power supply subsysHERpE ] gﬁ@g ts of Figs. 2A & 2B
respectively; Fig. 5is a si rr%'ﬁ§ ié%N@ EXE I'a ?‘Q&EEI lustration of a smart
power allocation Hredpresempaneitiog mi!rbeumﬁemecﬂ dhd hprédiRedeRBROfIR Hom efe Fi gs.
3A, 3B, 4 @sﬁ@r&d a5| ified tic illustration of the
enbodi nent ‘Eﬂ%m gg&ﬁp o %}{Rng uﬁftéonsw Q’Fga Fng 1B MBI agr am
IF | | ust ratl ons of dm%N lmodT:IBlgmteesﬁzfnpmd@bl?ﬁ@ﬂ‘{a@aﬁiﬁﬁﬁ&aﬂoﬁs Bhﬁ%@m@aﬂamnf Sf of q
i gs. n respectively; Figs - are sinplifie
bl ock a€‘+d§ e%ﬁaf f?%%‘nadf-‘% Retyerk jadyding »RA_WETSUREY wasab estoaToGde elestrisalof a
conbi neprovteee& ldcal dred REWRRADASH BV %oﬂfnuﬁfcgt%n ébﬁn?@&sﬂ'@?ef 'a&?o%e%éﬁlve G are

sinplified block diagramand schematic illustratTons
enbodi rfEft éa‘bqﬂ‘%tmsfé'ﬁé&fﬁf?ﬁ? eshotimery af thppreserivdieneot s of Figs. 1A, 2A & 7A

in qonb' nation widsh2@ofHu AeLQ s%p]ﬁieg%loc%lagrgr% illustrations of two alternative

embodiments of a local area network including a power supply operative to provide electrical
power to local area network nodes over communication cabling constructed and operative in
accordance with another preferred embodiment of the present invention;

Figs. 3A & 3B are simplified block diagrams of hubs usefil in the
embodiments of Figs. 1A and 1B respectively;

Figs. 4A & 4B are simplified block diagrams of hubs and power supply
subsystems useful in the embodiments of Figs. 2A & 2B respectively;

Fig. 5 is a simplified block diagram illustration of a smart power allocation and
reporting circuit useful in the embodiments of Figs. 3 A, 3B, 4A and 4B;

Fig. 6 is a simplified schematic illustration of the embodiment of Fig. 5;

Figs. 7A & 7B are simplified block diagram illustrations of LAN node
interface circuits useful in the embodiments of Figs. 1A & 2A and Figs. 1B & 2B
respectively;

Figs. 8A - 8G are simplified block diagram and schematic illustrations of
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Figs. 10A & 10B are sinplified block diagramillustrations of two
alternative enbodiments of a communications network including power supply
and rmanagenent over conmuni cations cabling constructed and operative in
accordance with a preferred enbodiment of the present invention; Figs. 11A

& 11B ar eysioiPbhbdtehk gpi(c&ﬁ%r%%ﬂli 1|nl-f§é Jrﬁ;ddglme?ltsogf Fif05 Qla}i@ﬁ pative

enbodi nents of a | ocal area network including power stpply and managenent
unit operative to [pEovi‘de %81 et simpkfiehbinek dagrdrpeall sehemertivel grakiorfodes

over COMMRLEALEORIEARLING ELOR: L2 & K2R AL AIIPLL ELeti ! oks diagram

illustrations of a hub useful in the e di nents o
respect i viempinapiofringid comBineg of BRsag 4 -$Gnpl i fi ed bl ock diagramillustrations

of a hub and a po‘@@é’fjﬁ%@% }B_I%nge sqr?‘]nﬁg dm‘aln?k (%gg’t%? lusir&lg\sef%igoaarjtsmatwe

enbodi ments of Fig res

sinmplifi @mbbﬁmwntsjoﬁgmammmﬁaﬁom ndtﬁdrErsmudxﬁgoﬂmermp;ﬁlygmﬂ ahdrapamsisefed 1 n
the enbodinents o 10A, 10B, 11A&1lB F| 15 is a.sinplifjied block
di agram oP’“&“"H{?&EO%“oﬁgﬁlﬁur SPPBRCHI eRd C‘Eﬂ?ﬁi“r“f%sm AePrianse uF‘@g ShEWETS Fi gs.

14A & 14Bmbbiighénd 6f the pRts@emeémldnzed flowchart illustrating power management
in both normal oper at| on and reduced_power nodes of the networks of Figs.
| QA 10B, 11 A & I€8; |1Ar&gl 1B grejsimplifypdridqck) disesam dliustretenstof itwp @iemattvieng one

step in Tehl%oalhﬁﬁfsk@‘ratio&ﬁ aI'E:zﬁ Betwbbe mEluQﬁlg g%,gﬁ %ﬁglyjaﬁg xﬁda% ment Pﬁ‘l‘i gg&a’ave

generalized flowhart illustrating a p
i nterrog& Pféﬁldaﬁl}cmﬁﬁhﬂ%ﬁr tfodogst arse ppiviprk mﬁcs O@nadnmmynmmcmrcahm&ar s in Fig.

17, Figs. 19A 1981:1(%% 9G 42848 %a?ﬁn?mqg@%f dzaﬁ%nﬂ V\ff;a 10n% 2 § Qusefu

illustrating one e rec unctironal rty operatlon
in an i nﬁ@lazrrbtoslmyermﬁé’ngs fﬁiﬂn&gmmmtpanmiy,_n the flowchart of Fig. 16; Figs.

20A, 20B, 20C and zOD g wcharts e il ust ati,n ne
possi bl e mechani srf‘lg%rﬁfb’ufg‘l g 4&%& %Blﬁ?l"} ?@"S’Hf)‘é:}“étq o”n¥l %g“a‘ﬁ

i nvol unt powerpapply andemn ag@smdt sﬁb@@tehﬂuiehﬂ ih |t@5’\/§th?c5d1m@ﬂclts if Fig 1674 29 1B 9S.
21A, 21B, 21C fﬁnd 21D are generalized flowcharts each illustrating one

possi bl e eﬁ%eé’ﬂ A¥sm for node initiated sl eep node operation in a voluntary
pover managenent wgep14A & he lanGhaginiedf bibdid diadfimsTo8Swo? dfifefeaB n0d2C and

22D are general.ized flowharts each illustrating one
configurations useful in the embodiments of Figs. 10A, 10B, 11A & 11B;
_ Fig. 15 is a simplified block diagram of a node configuration which combines
the features shown in Figs. 14A & 14B;
Fig. 16 is a generalized flowchart illustrating power management in both
normal operation and reduced power modes of the networks of Figs. 104, 10B, 11A & 11B;
Fig. 17 is a generalized flowchart illustrating one step in the flowchart of Fig.
16;
Figs. 18A and 18B together are a generalized flowchart illustrating a preferred
embodiment of the interrogation and initial power supply functionality which appears in Fig.
17;

Figs. 19A, 19B, 19C and 19D are generalized flowcharts each illustrating one
possible mechanism for full or no functionality operation in an involuntary power
management step in the flowchart of Fig. 16;

Figs. 204, 20B, 20C and 20D are generalized flowcharts each illustrating one

possible mechanism for full or reduced functionality operation in an involuntary power

management step in the flowchart of Fig. 16;




possi bl e mechanismfor hub initiated sl eep node operation in a voluntary
power managenent step in the flowhart of Fig. 16; Figs. 23A, 23B, 23C and
23D are generalized flowharts each illustrating one possible nmechanism
for full or no functionality prioritized operation in a voluntary power

managenent step in Kige ?ﬂhpmmamtc afd FTY arel@nedligll ket 4B idiEa@itone4D
are general 's%f%d fl vvchar %ﬂch I.llustrating one possible nechanism for

full or rledicéd ™G %f’t‘?”f’)n Irl‘[’ epridRtEd | Yesp FPEEarPEALIM 18 ¥ OTANTAY yPOYRIner

rranagerrermaxmgapexitmdph@trfelfww;lﬂmbfp _Fc;,g 16. Fig. 25 is a block diagram
illustrating an exanpl e riqor art data conmmunications network wherein
network devices ar &'odptetft F2Fed A8 ik wevarhlizet flopwhets caclrilpstratzgAnand

208 are goliieknddhagia M kbuslial g, AReSARL A HalAEoINLEALL NS, Sy st em
1 0

constructed in accordance wit esent’ i nven ef 8P Rerwor
devi ces rE®dn (it fvadert o€ Bie. é@ld netvvork connectl vity over the sane cabl e;

Fig. 27 is a blockgja I ta conmbiner, unit for.
placing electri cafgépo%refgr%l’r?f gk‘ g g‘m g g?]fjgﬁl?"’isﬁfi gllp;taa@pg”oge and
Fig. 28 ws%blblrmkardsrag"orafmth bd nxsﬁrratmmujit}apﬁ@r\i\@ieﬁd@ieaan&plm tat luAy tpofwRf
separat i r.ical wer, for data comuni cations infrastr uct ure.
DETAI LED%@%&?%%’F@Q’ gm%%@%ml MENTS Reference is now made to Fig.
| A, which is a si rTEigt;f:léIed 2hBOgkC dh@ 4B MYe génlr:f«aﬁ,fzécﬁhbwéha% e§ch| lﬂﬁﬁt?ﬁﬁé b

networ k constr UC'[E erative in accordance wth a pre erre
enbodi meRP™ ‘iﬂ‘-‘é% ?ft InQertdussd funstigeadify priofitized opkrationeinea iveluptagyi ded

a | ocal gowea maRLWAES s{ebﬁ{\%e%%ﬁﬁbm aub 10 which is coupled, by
cabling 11, preferably a structured cab‘ ing system to a plurality of LAN

nodes, such as a d&8kt¥p léoﬁrpbloek diagram \Aﬂalbstmnmgr anléxampgle f pdsd ndd edatichi ne

16, a LAN4 tele ter 20 and a
server 9[5% %ﬁgﬁ’ggf‘et@{"? preg \gplg °§Q§8‘H%eéﬁ{‘i %Cﬁ'g% %ﬁ‘ec%‘g H&Pﬁﬁm’%‘@e’? our
pairs of tw sted Iﬁg:ppé@AvmrdeQGBahieed bloget diggramn d@rstrati R0 AAOBkaniK afata | N

t he enbo be descri bed herei nbel ow, at | east one
of the pg‘%nﬁﬁ%f&{oﬁgs & mc %nﬁgl'wt% rBs25°Qrdangs| Bl theo Present fnxeréiont Mherginbot h

dat a andnetwerktdeiized repﬂve«ﬂedtﬁcam&ﬁtﬁﬁetﬁbrkt RGP bler tllo/ Rinfedhbi¥; two such
pairs are enpl oyeq: nsmo(}tl ng both data and el ectrical power al ong
each |ine connectimg a‘sﬁ ok gt iuymting s ippwerdaa sorshinprapmt fampldceg dat a

only andelectfiicall pdWertatd the atiRbAMBhRESbASnFRstraRBELAND carries neither data
nor power, |In accordance with a preferred enbo I ment of the present
i nvention there i <18 28 is a block diagram illustrating a power/data splitter unit for separating

electrical power form the data communications infrastructure.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference is now made to Fig. 1A, which is a simplified block diagram
illustration of a local area network constructed and operative in accordance with a preferred
embodiment of the present invention. As seen in Fig. 1A, there is provided a local area
network (LAN) comprising a hub 10 which is coupled, by cabling 11, preferably a structured
cabling system, to a plurality of LAN nodes, such as a desktop computer 12, a web camera 14,
a facsimile machine 16, a LAN telephone, also known as an IP telephone 18, a computer 20
and a server 22.

Cabling 11 is preferably conventional LAN cabling having four pairs of
twisted copper wires cabled together under a common jacket. In the embodiment of Fig. 1A,

as will be described hereinbelow, at least one of the pairs of twisted copper wires is employed
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_provided a power supply subsystem 30 which is operative to provide at |east
sone operating or back-up power to at |east sone of said plurality of
nodes via the hub 10 and the comunication cabling connecting the hub to
various LAN nodes. In the illustrated enbodi ment of Fig. ]A subsystem 30

i s | ocat € sidshiitting b6t hubadDeiaditeal BEW IR RePOIVBE nSHRRE YT 3%s YP?'nSJS' sg4ppl i es
oper at | n&fqoower and/ or. backup _power to various LAN nodes Vi a

communi c & oH° ETBIVAY fo‘”'l*ﬁ’é‘“%‘h’iﬁﬁﬁ“@: at'p gpd @laﬁﬁpﬁgm@'@rnﬁ@mﬁ gich ling ANInseiintech 34
via a conhbiubes e38 dofe t\ﬂﬁievcﬁllé'sQMﬁpa%rr'f@%ﬁ rrgﬂgnacapfmftg air f}ﬁgmﬁaﬁleﬁla@%t rical

power fromthe power supply 32 along the co nication cab to at 1east
sone of fPES ajdaNRsdeshergpginoaeewasnal data communi cati ons from LAN swi tch.

34 pass through thg ,conhiner t hout interference.
seen that the communicat|on ciélﬁ? éﬂj&j gr?édg?ﬁk?% gytgebprféentt erﬁtéondg‘ﬂft '(§p
conput er PreYided apoiver B@Piwawﬂ?ﬁweenl@ afhd:homnmmtare tBQJr@aferatEb&sbmnlfe eataingnd

backup pgwek, nlc on in mthe hub .10 to the hub

camera 14 anémE\A@‘%egl P8 Ccar ??i]% Br(%l’ gg\tnﬁ %n‘d‘aoﬁ‘éuﬁ'}b’l g% BOWEF and

the commmreamwxhrmn@aﬂdlngmgnﬁercom thh @uthtbvarious baN meever 22 carries only data,
inatypically L copnstructed and operative in accordance -

A
with a preferred gﬂﬁ’éﬁji ﬁatte Fm??ﬁjém?ﬂié)écé:hﬁ Ihveherssm. 39 s lpeated pighinithel ar
feature hfo tthmdenhadts ARWeOsuphiy®:2 Wik Elﬁipl:&oéﬁ’érﬂ %%o@r@:darﬁ@%‘q{ac tpﬁwfe rried
e

on the samstvmsted copper pair. It is appreciat that each o
hodes. 120a3gis AN fofac %§Olﬁmﬁatmﬁeqabhrtgw dhe @wmnmleamnmabmmwm@ts ancl udes

a separ at 9N sh@ath £ pﬁraaéoh@%err b@ tc?tlhg Qﬁrﬁ%%iA}P QUERs. T qﬁr c uCp Efs eie P

illustrated errbodl ment of e separators are iter nal
to the R¥pem the m@egv;mindﬁra@ngohe Sepapsitaion ctbbmgnameldastlsbmbejfﬂ@e

appr eci ated fdxal BuleLnAll a&LVCfEQAu%ca o, BERALAN Fﬁﬁé‘*ﬁ?&égﬁgfarlégg%%

Ref erence i s now na is a
i |1 ustr aembinenp$s, aulbmhlhawahouwttm@ceonst ructed and operatl ve in

accordance with a o her ferred .embodi f.th sent |nvention.
seen in Fig. 1B, erS & thg)tptg%\%‘argﬂmﬁatioé'c%g&garlg &‘\?\Bﬁ"g LtRI\‘If‘e E8WERR si ng a
hub 60 whinphtef $2,Cﬁatmﬂnéd,mabyineabldnﬂ@oﬁ:butepﬁefcﬁl‘rﬂ%@|b)éthadaétah&'%'faé!fu%dpd%@é?,' ing

i such as a eskto ut er a web

system heDI ur al |.t ) of lh@g odes,
41 camery 0153 %O’?‘E'érg? a 9 thg b 0 tathe @F%‘ﬁ?ﬁb"r’?e aillcrgg%@iﬁnh@@ an | P
t el ephone caBies BothQﬁfﬂHAH%berEQn@ﬁ@v@ a§d3fh\éecrom¥1§rmc§ﬁm bzﬂ)ggg RonPuRhGh §6 Akl v

conventional _ LAN cabl i % having four pairs of tw sted copper wres cabl ed
t oget herSYHdEr SYtigH ARy 5faad1kétf}'PlFﬁ1Yt hANepriswsgementt copbtrikitegl and3pperitiveciont r ast

to the acdorfEesRNh o BRIGFINGHBRRYE M &egeﬂ}?&%&;noﬁ@ Fig. IAand as wll be

It is a particular feature of the embodiment of Fig. 1A that both data and power
are carried on the same twisted copper pair.

It is appreciated that each of the LAN nodes 12 - 20 which receives power over
the communication cabling includes a separator for separating the electrical power from the
data. In the illustrated embodiment of Fig. 1A, the separators are typically internal to the
respective nodes and are not separately designated, it being appreciated that alternatively
discrete separators may be employed.

Reference is now made to Fig. 1B, which is a simplified block diagram
illustration of a local area network constructed and operative in accordance with another
preferred embodiment of the present invention. As seen in Fig. 1B, there is provided a local
area network (LAN) comprising a hub 60 which is coupled, by cabling 61, preferably a

structured cabling system, to a plurality of LAN nodes, such as a deskiOp computer 62, a web
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descri bed herei nbel ow, at |east one of the pairs of tw sted copper wires is
enpl oyed only for transmtting electrical power to nodes of the network -
and at | east one of the pairs of twisted copper wires is enployed only for
transmtting data. Typically two such pairs are enployed for transmtting

data only camerat o asfachmpainiashias 66.MPAOYREpASeY afsQknSMPR! ¥i 8O+ B-861 scal
power al ong_e ch (gi ne connecting a hub to each node. In accordgnce wWth a

preferrede odi Fre?ﬂ BFtR 2'present invention there is provided a power

suppl y subsyst em 80Cwhi:ghsi Ss QREeAbIY 8odventl; 91""[19&\1 agl ok .operati ng
or backupE@%r to at | east sgﬁrre of ysa(i)d I|cl)l t?ra |ty%% dn%o%até’lsrﬁ‘!\/?%rtiﬁgsh%b 60

and t he (TPBRA V0TFS CablRd Mgeber vwsiehe cpinmgn fdvdeth bthe embadimeusoflFA Hhdes.

In the iliuséiaked, exbodim OfiEls bsyst is,located wthin
the hub 60 and incl udeskrg’%g%r\}\t/egesgtgegl %Q%E o i ¢ Sp%%?%%%ﬁ%&é@a%% H’dwﬁ&/\er
and/ or bafREPEP§soearinbale et i¢asuene viNhm prlssofitivatddhepd Witesii Carhpoyedcab) forg.
The comupi ek ' LAN switch 84 via ower supply
nter face o o PReusr My ARRAS o o Siisnt e Eding o pRinsr allime

di stri but@ppel wuey iscalplpedenyf foo mahfmsitingvaats. TypiRAlY 82, sudh PR idieatRepai r's

of the ication cabling 61 which are not used for carrying data, to :
at | east Cfgg?eég%)rgﬁtfl}gegﬁfi\l\(f”&ynﬂ)’gjeyo Brci Pt 376 fRIPIQYaE onlyofamavpelsinig calestricabm LAN

swi t ch 84opas alonhkadhgdmetcbgndRan®es hustitynddet er f ace 86, substantially
wi thout interference. It is seen that the comunication cabling 61 fromthe

hub 60 to the desktBFccEdanse ath % prefarred simbotinant of teeprégnainserconpibdreris 70
carries Adepd doRads ko ; LW sted pairs, while

t he corrmt}ﬁ? cati o?{o cablu?ﬁlg g%@?treglvﬁﬁ léé{}ugsg&gga%{a glicfahrgwﬁﬁt%ﬂeésgﬁgwa OBAAUIR LAN
t el ephon&’ GBSk PPRST Botah lehst somadofoped aliralgy pefnesdes lvi ghes GPRIEBE end ttid St ed
pai rs an@oibs heat | ' fromthe hub, 60 to the server 72
carries onl y ngég?gﬂfg%b%ﬁgh?g%@%gﬁé}gf&ﬁ BrPLAE f9¢8nst ruct ed and

operative in accor dateeallwittatedaemtprdihen o€ &g MBo ditvpaim @b it R RUEHER the
inventio P rticul ar feature . of the enbqodinment of Fig. |B that
dat a andﬂ%%égf’}"g‘rngh‘%gsa’% PYEd S§RPY géé’ﬂﬁ‘ihes“?e\keét%amewﬂaaﬁfpéb@kﬂl@ea@wer

communi c & Yayivus BBIN mgieh viaehe ddmrhsniaRioh eshidkethd meﬁl&f‘aﬁo:%abﬁiﬁg cb@é Qqdes 62
- 70-whi EHNe‘% iv4s .gower over the comunicatjon cabling 61 rnc Udes a
connect or ot EEiHedt R RG™EhwPpiiinedace s t shevariops hgNamdes. dbe powet supplyer t o

a node pimefacs apRksriich GRARaAHAN FARIRGMAI I dhRLE( ﬁ%idhsairgﬁffg’%_”gla

data to a data input of the node. In the'illu ed e ne
t he connB¥EPIYCYE capling ¢hphighiars rotnised foo carang depdc i eest some of drrd.ANe not

oo ot huedematetan) o PR SAELRY Ll P O
i |1 ust r af@BIvt s Tiagrb sutstantalyf wighesy steference.

It is seen that the communication cabling 61 from the hub 60 to the desktop
computer 62, facsimile machine 66 and computer 70 carries both data and backup power
along separate twisted pairs, while the communication cabling 61 from the hub 60 to the hub
camera 64 and LAN telephone 68 carries both data and operating power along separate
twisted pairs and the communication cabling 61 from the hub 60 to the server 72 carries only
data, in a typically LAN arrangement constructed and operative in accordance with a
preferred embodiment of the present invention.

Itis a particular feature of the embodiment of Fig. 1B that data and power are
carried on separate twisted copper pairs of each communication cabling line.

It is appreciated that each of the LAN nodes 62 - 70 which receives power over

the communication cabling 61 includes a connector for connecting the twisted pairs carrying
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providing electric power to plural LAN nodes via a hub and comuni cati on
cabling connecting the hub to various LAN nodes. Another two enbodi nents
of a systemproviding electric power to plural LAN nodes via a hub and
comuni cation cabling connecting the hub to various LAN nodes are

i |1 ust r adl@gridan phivasto 224ba& pdBer sh_}ipg@-anaée&rgtagicbhéé%@iﬁ%ih% t‘ﬁis{e?%trs l%ﬁ:%ﬂng :
O provide el ectri cal power 0

net wor k %gacl uding. a ﬁower supEI {h@q erative to |

| ocal ardd Wet Ht KIPUnBuds evern & PedtrdRdisEst pingel P tthe cimopestsrat ed
embodi mansicafy hitBrnal2hy Be GOPARET 90RL IHdb 200, d08s A9 de@i%f?é{bcgeiteljéﬁé rical
power over the communication cabling 101 and a power supply subsystem 130
i s | ocatd@aregtedrthaaligmeiveliubscigo ceamdctpriohaydesmplgeder supply 132 whi ch

suppl i es operati s DL aPFigDAGKID POYRI-LO, (A LA Boglgg il @ Lhe

comruni cation cabli 01. The communi cation cabli'ng connects a switch
134 of @oewéingi deratic kel 00 rhoala L AGO Mokdae vial 36hibn apbwemnsuwptiyn suabkyst em

130 and t.he conbiner,.to the. vari ous LAN,. nodes. The conbiner 136
provi descgl(ezrfkgg% ﬁlge{'lu%pt%v‘(gr]o rei‘(fxrr]%I { ﬂgéespénm%t SIS OTRPOLREng] oy S a: providing
communi estir@rposabtld pigral DAM nddeasit atmbRnd tohhenikANnaBes cddhebitingehd butal data -

comuni ¢ations from [ LAN switch 134 pa hrough the conbiner 136, -

subst an ?X‘W‘i}m\}jwf}ﬁ &S argy éf‘tfaé‘?de‘ﬁ é‘vps @tf?‘izﬁg%{ﬁéﬂ‘?‘:&% WStals &/ ocHiE@nt i onal
LAN cabhém@ribaiivatof Optiwed 3igply Sferatibits bRAIGARREIcalpdvRS 1& Rlhiofed RARBAET
under a common jacket. in the enbodi nent of Fig, 2A, as wll be described

her ei nb8PE ,OV_E%C%%EE‘FCQS‘H%C%’ﬂi“S-he pairs of twisted copper wires is enployed
for transmtting Qo fakatanshtl E'g? (1)% twear c&ngeﬁ%g‘lsg\% b BehYor K,

Typically two such pairs are enployec ansmtting both data and
el ect ri pEividsclgstrical pongerewehtht icomooraéwt ¢ahting 1 tleartonprwes sppply sshiysteyst em

130 to h I 0 u pai,r. carries data only.and. a fourth pair
i s mai nft? gfls:ﬁseg& ggedaé’%%iégg gﬁal?bcgp?iaélg lrr%gl?lfi?‘fe? PRREE SHRRY g hich 1 SUPRlIE e e
t hat t hepomampmiveatndor tablp povdrad viamitAd npdaselia thepphimuntdatios yatlmm 130 to

t he desktop-.computer 112 acsimle i ne and conputer 1 carries
bt h alS P R Scanat kanting Zoiees AN it 13 PR BARIHRE brE 300 (R pover
suppl y cenfingyiStempd 3 dupply Bebshisdm aaoendcdibéctand odbideetepbengodliBaRarri es
bot h dat a an,glll O(Fer_ati n IPovvgr nd .t he communi cati.on cabl i ng fromthe hub
100 to 19ES-sEhs E0mbiny Ll prpudesseledirifa) nesten ramgtheeRpwep stprie dd2 angythes

t hr oughcamtenisdtRm k38ing! Mo aalt RdsEakdnye LAN 1R reRgeBAls ARk edaand
operative in _accordance with referred enbodi nent of the present

i nvent i SIMyRicationg frgay kAN GW&Fhai a5p Eredsht the cembiaeli Iidnsubstantidlly, withouthat
bot h dala.@gpgdcpower are carried on the same tw sted copper pair.
Cabling 101 is preferably conventional LAN cabling having four pairs of
twisted copper wires cabled together under a common jacket. In the embodiment of Fig. 24,
as will be described hereinbelow, at least one of the pairs of twisted copper wires is employed
for transmitting both data and electrical power to nodes of the network. Typically two such
pairs are employed for transmitting both data and electrical power along each line connecting
the power supply sub-system 130 to each node, while one such pair carries data only and a
fourth pair is maintained as a spare and carries neither data nor power
It is seen that the communication cabling 101 from the power supply
sub-system 130 to the desktop computer 112, facsimile machine 116 and computer 120
carries both data and backup power, while the communication cabling from the power supply
sub-system 130 to the hub camera 114 and LAN telephone 118 carries both data and

operating power and the communication cabling from the hub 100 to the server 122 carries
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In the illustrated enbodi mrent of Fig. 2A, each of the LAN nodes | 12 - 120
whi ch receives power is provided with an external separator for separating
the data fromthe electrical power coupled to the comunication cabling.
The external, separators associated wth respective nodes 112 - 120 are
desi gnat ed °BY dﬂ@?ﬂgdﬁw BUtEP@RRiRags TPV FEsIAOM 130,49 a tyfEadlh UG hrsepakad O
has a comutudseatie®nagalld, i t ata an ower qutputs. It
i s appreciated.that son% %rgjeaf}flé%?ogﬁgéﬁ% eg %iegeqé%lf@‘g?fg?e%ﬂ Pgrth‘gtl’ir?ﬁé‘lﬁy be
provi ded wtA™49%nt ernal separators and that some or all of the nodes 112 -

120 may be provi ded i | separators. It _is appreciated that in
addition to the LAN no%sa%g%ﬁ 58 OﬁﬁPéFﬁaﬂB\%{ OE[‘JH% 24pthashasi datp gy pewesn i s
usef ul wit fieapyicdonhere suktalsied copgegaisuch as, for exanple, wreless LAN
access points, ener Jighting, system el enents, paging | oudspeakers,
CCTV cameras, alar %%rslé%%‘rs ?te%8’%‘30%WF’WOstéﬁs%s‘?aCh@éé@sLébfquw 1URi-t180

| apt op conpliterseivaebwosrks efRRAtSh SUGHrAS ' i d &
i e o B AR WA e

noni tors aéggctrrireror%backrp units for | )

i |1 ustrated enbolPHEhfoBEdpPghe spmmynicatinnesrbliog aTheh entert8sedaesrn atsociprdVi de
el ect r i cal witDwepective hodddq 18NN At K 1 .and a pover sypp

subsyst em 1€0 i s |ocated external I_yS ggl?teﬁf}% Hfﬁ%cé‘%dr |eﬁ%qcﬁcﬁ‘8§‘\g§rsp’gq ‘riléuppl y
182 whi ch EAPiShesParaion pastd smmpovieationnaliing ifyart leog sqavsed dédtD ankBipd vt Sulpdi.

nodes Vi a It RepFRBIRLI FAl.l ] Th omruni cat.i on_cabl in )
connects a LAN switch lggﬁgf&%gﬁ{f;g%ﬁ%dgéﬂI%aﬁzq%ytge@m%@? Pﬁ!ﬁﬂ%wth

i nt er f ace 'A8B2} §PPBIEY argupgslsyms wosY sf Gnb8A HAd 1COMNEHeSorb N8P LSHRAP! Y
interfacesgﬁgﬁit&g t he vari ous LAN nodes. The power supply interface '
di stributes electrical power fromthe power supply 182 along the

conmmuni cati on cabl i figs iprafatéRASE inS@BWoR ko G ANANG ‘%?’fﬁif*begl?%teﬁ@éé‘é%{?@

darLa—egme-L ati-ons--from-lLAN-sw-tch--184--pass-t-hrough--

interface %@%‘% i é?%ﬁt”?ﬁ]ﬁwtaﬁﬁmﬁﬁ?r juelde nedesrueh aChly dxmgplkSwireless LAN
pr ef er abl yccesnpents] emnalgedoANid@Rb i sH8eavd A, - palrs of  tw d_copper
wires cabled tonget hgr unrclzlegr %ﬁc%rﬁmﬁ jackettsf’ %ﬁ%mgﬁigu%%%ca{sngﬁ\gfcaﬁe%g 2B,
in cont r aBf™ AL P H1HB HRHOSd acressi deatiolabnns elapiopheorpapes hefvrEicmea and
as w Il bechdgsgibdesdReLLiPe sf..one of the pairs qf i st ed
copper wires is enployed only lggvsﬁ%%{lr%gs&r'nﬁt {nieﬁlﬁryeltbé i By gﬁ\/\é&t‘ﬁldnodes
of the neY’ﬂ%ﬁtﬁt‘% at | east one of the pairs of twisted copper wires is

enpl oyed only for-t i.ng data. Typi¢cal two such pairs are enpl oyed

for transmitting dalglgﬂtis)n uis/&!gﬁ% R %B‘%%E[hg%g’igr éﬁaf‘e""é‘ﬁﬁtﬁﬂﬁéd“@nl%p flggs not

suppl yi ngPrevide elertriahl popeneverahoRgne@iithtbh REHIHENINE Gl Qgpo@vep's'tﬂ)ggptszﬂggﬁerﬂ()de'
0 e

It is seempot he commuyni cation_cabling 151 fromthe hub I
deskt op ®i%0 ﬂaﬁycz}tec‘ie externrm'fy o%ahub 150 and mc?udes a power supply 182 which supplies

Operating power and/or backup power to various LAN nodes via the communication cabling

151. The communication cabling connects 2 LAN switch 184 of conventional hub 150 to a
power supply interface 186 in power supply subsystem 180 and connects the power supply
interface 186 to the various LAN nodes. The power supply interface distributes electrical
power from the power supply 182 along the communication cabling to at least some of the
LAN nodes. Bidirectional data communications from LAN switch 184 pass through the
power supply interface 186, substantially without interference,

Cabiing 151 is preferably conventional LAN cabling having four pairs of
twisted copper wires cabled together under a common jacket. In the embodiment of Fig. 2B,
10 contrast 10 the arrangement described above with respect to Fig. 2A and as will be

described hereinbelow, at least one of the pairs of twisted copper wires is employed only for

44



conputer 162, facsimle nmachine 166 and conputer 170 carries both data and
backup power, while the comunication cabling fromthe hub 150 to the hub
canmera 164 and LAN tel ephone 168 carries both data and operating power and
t he conmuni cation cabling fromthe hub 150 to the server 172 carries only
dat a and taaymithog ehe@dalnmwepasmdbhpﬁdgmegu@k)asa emedB0ne phiha patrypf maistb@/ LAN
arrange 0, tiv corda

enbodi rren(’?ﬁjggr ‘Dﬁ&r 1‘&%‘%@‘1’0% ij}ansm(%ﬁrin@lG‘;{Fa‘il %qﬁfctﬁvloasrU Q]? 3%11 Suar e e%]]p %Vﬁd
enbodi nenbr mrfanﬁmgngBﬁa h»aty daitavcambhppnmrararempl@aﬁ ranBd foorsupgipap atietioal st ed
copper pairs of each ,conmunicati ﬁg} cabl i line. In the illustrated

enbodi nment’ efallefl%eacfélneé:%%c%?vat tﬁ'wlh%cgjés 162 - 170 which receives

power is provided W {RednthexhetdhdhusennLabing O Fepafatelo ps o¥iddikag dat a
and el ectrical g%\ger fromthe comruni cati on_cabling. The external

connect orcOFRESE il 58 darsifn hmashdtepkltand €ORBHES 11%9&”1631@)61 G2 AR I Dy
respect i Vv%ﬁe&ﬂ@écﬁﬂrﬁ@mﬁé%fﬂﬂ%ﬁ@m%%m tht99b 1586 the BMEANELNTHRACHAT AN &I hone
comuni cation cabling input and separate data and power outputs. It is

appr eci atlé§ camigs b §@rﬁ%ﬁ

provi ded t r 162 -
170" may. otk srih a2 ifieS SODGELANE A0 it oo R BauRlun Qs 180RT 0107
addi t i on tymcallye LAAN an@dmwneyomntueﬁd herdeiopabtdvee jn taheordpceseitt a puedatddon i s
usef ul vvlt glr;%n%ﬂgr I'Sels'lettm e%mnodes such as, for exanple, wreless LAN
access p0| n? %H T Vﬁr% ﬁg system el enents, pagi ng | oudspeakers,
CCTV caner as, al aitm S(pﬁlﬁxﬁﬂil&r festofy ofahd émb@cﬁ}xﬂS:Qrcﬁ',FlgiQBeﬁﬁSt daeindqlowdn ades,

| apt op cogﬁ éers netwar k. el enment s, ch as hubs, swi tches and routers,
noni t or s &R ﬁﬁﬁ?ﬂa?t%%ﬂ%cﬁﬁ?rt@“%feqﬁ OPYMICHANEP IS s Ref erence i s
now made to Fig. 3f thehiledraled embdiiRnt bf 8. bBOosknhdifars AANOhodes 182D, 178UCh as
hub 10, useful in the enbodiment of Fig. I'A Hub 10 preferably conprises a
convent i SN reCEbYRTEP VRIS uﬁgpvai?éwta@pém[rmwcywwhfoeaemﬁ%hpmmmg d3kangds a
data CORRMBLRadRR f@d@httﬁ@écfﬁ%ﬁ&ﬁfon%@uhg %ﬂ%t&nﬁ&w CSciatlli wiMDI ner
36 typically conprises a plurality of cou each o which is
connect e&espécaive npddst I62 -2 areodesigoated tby fp@mrvearbfemnat nomband 92 e 8%.tEach
circuit cte r. 4 2 for
receivi né’ﬁg%@% c;}1fas E%anm§FEﬂrg&?c%ghﬂg raet% atfq%ﬂm@ﬂaﬂwg &oﬁeér )fs:éppl

32 may bﬁ:rpm:;tsd ¢thlsy:mleomraalledf é»etr&rdaallby -of?Ot hney hﬁb‘nﬁiﬁ)welf(bmmeadqdehSZ may

b d f ail backup.facili h tt
connect | et sbioibres barsgon 8| QERRaPre 60na dmahF B eyl il
connect Edodnectarsport of LAN switch 34 and the other of which is preferably

connected, via co ni catjon cabli
t 1s appreciated that n ad ition to the LAN nodes described hereinabove, the

present invention is useful with any other suitable nodes such as, for example, wireless LAN
access points, emergency lighting system elements, paging loudspeakers, CCTV cameras,
alarm sensors, door entry sensors, access control units, laptop computers, network elements,
such as hubs, switches and routers, monitors and memory backup units for PCs and
workstations.

Reference is now made to Fig. 3A, which is a simplified block diagram of a
hub, such as hub 10, useful in the embodiment of Fig, 1A. Hub 10 preferably comprises a
conventional, commercially available, LAN switch 34 which functions as a data
communication switch/repeater and is coupled to combiner 36. Combiner 36 typically
comprises a plurality of couplers 220, each of which is connected via a filter 222 to a smart

power allocation and reporting circuit (SPEAR) 224. Each SPEAR 224 is connected to power
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to a LAN node. Couplers 220 are preferably operative to couple electrical
power to the conmunication cabling substantially without interfering with
the data comruni cation therealong. Filters 222 are preferably operative to
avoid unwanted inter-port and interpair coupling, commonly known as

" cr osst algkyn 13886 1,90 L: th oywer suppl 2 from reaching the
comuni catgijpofll cabl an‘gﬁéF lt@ glfl?]agto H/Vg{%? e?el?rf)?‘ eﬁs @???’Eé%ldgﬁd’f’wﬁ%&ﬁﬁ?@\?izd’éﬁﬂi A
central RaPAyEREin loardd contmtly Subsysb am 2aGsr suppiyCal by erhpdliad ina

mcro co r ferably controls the operation of the power supply 32,
the LAN g\%’m‘g’tg‘{:%ﬁ‘é‘l‘f,b%%gfg‘é%ﬁpfuég%5 %gﬁt}e%@“?&ioﬂers 222 and the SPEARS 224.

Ref erence is now nfae doaplel 220 BB rwdhiceh dnd ofwRLRIR! drfd lggram of a
hub, sucgf]gf_s\Nhub 30’4 u(ig_}‘ ul. in the%odi ment of If:g Fa?gbéa&ﬁ%tegdggrpg?erabl y
conprises @ cONVEnt FBhHIe Othes Rehichat Pyleaapai oaptcied, viaNoswitnEhti@Ycabhng h
functi on® aSAN mbdka communi cation switch/repeater and i s coupled to power
supply interface 86. Power supply interface 86 typically conprises a
plurality of filtePQrirs 228aem piefenady epetatve t manple pdwerical glowecabitha and
repor t i Ngbnsrhdifidtion( SINEAR) - FFach . SPEAFE I.s_conpected to power. supply
82 for receiving el ectrlgcg%zv%%t\k%? Pvﬁéroe r%cg%'?e"}'lnt’ ?Nggag"ﬁr g%??afoérﬁ‘?‘{rﬁ%fw‘bomer
suppl y SthfﬁﬁlW&)e physically | ocated externally of the hub 60. Power supply
82 may be provi ded:w owe ai lure backyp facility, such as a battery
connection. Fil te?Fslﬂ%Elgzgra % %F%’fagiyaﬁ??mﬁ’ﬁé? &W@é‘“%"@“té@ﬁitﬂ?%\?o%t%ﬁ?m

i nt er porcoupléngo Fomygioniydanwnrk Verssseall” &@l 1o GIdE abi KomRd pbQel 99k 38%se from
the powgg CﬁH’%ﬁk 0082 fr.om rea@hi % t he copmuni cation cabli r]g A central
managenment  and ¢ onrratCagsegnr aomat vy ikers P32 reed ol keprovided.

m crocontrol |l er, preémfaitafagoithf Qhd bRkl ' f. the. power. sugpl y 82,
the LAN switch he filtors 272 acnd%t %E&E%EE'IR%‘S;%‘&W e%l\ég%éi‘géﬁgt%at in

4. t
t he ench‘HFWéﬂ‘E‘foglr"ﬁ@Fﬁ?faéls,m%%ﬂ@r@e@ri@n plohe prvesrisdemdy 32, nbshibhsvashpeywer and
dat a ar ¢hd dorprrs d20ethe BYiRFs PERAT fle&PEMEtAd pairs. The data carried on
conductors via the power supply intertface is substantially unaffected by
t he operation of Bﬁgf@eegﬁoﬂm’v medppd ¥ig ABewhizbés a Bieifidifred tfodkSdif@ym BTde to
Fig. 4A i i i it | .ock di agr.am aof b 10 nd the, power
suppl y gﬁ%@;gl?gkmﬁli%gﬁeﬂn%k%fle% %m?%ém%nﬁb(gﬁ%%‘r l’ﬂ’?’ &4 ﬁ‘fe? Iy CRBPTiSe 2
pr ef er apdnyvepinnat.i sewmeraadiyy ensilabial LADDNSWEKE 84 | whRYaifiREbe AN szt ch 134

whi ch i as .a.data co ni cati on swtch/repeater and is coupled to
conbi ne%&?%%hl?%?on@l %éflc VTépeater and is couptled to power supply glterface 86. Power suppl?(
interface 86 typically comprises a plurality of filters 272, each connected to a smart power

allocation and reporting circuit (SPEAR) 274, Each SPEAR 274 is connected to power supply

82 for receiving electrical power therefrom. It is appreciated that power supply 82 may be

physically located externally of the hub 60. Power supply 82 may be provided with a power
fatlure backup facility, such as a battery connection.

Filters 272 are preferably operative to avoid unwanted interport coupling,
commonly known as "crosstalk" and to block noise from the power supply 82 from reaching
the communication cabling.

A central management and control subsystem 276, typically embodied in a
microcontroller, preferably controls the operation of the power supply 82, the LAN switch 84,
the filters 272 and the SPEARs 274.

It is seen that in the embodiment of Fig. 3B, couplers are not provided
inasmuch as power and data are transmitted over separate twisted pairs. The data carried on

conductors via the power supply interface is substantially unaffected by the operation of the
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part of power supply subsystem 130. Conbiner 136 typically conprises a
plurality of couplers 320, each of which is connected via a filter 322 to
a smart power allocation and reporting circuit (SPEAR) 324. Each SPEAR 324
is connected to power supply 1132 (Fig. 2A) for receiving electrical power

t herefr i iated that power supply 132 may be physically
| ocat edoﬁt;gﬁéétrsu ﬁ@?ﬁa@%he power supply subsystem 130. Power supply 132 may

be provided wi th Refgeweris haw Imade :bbigktp Wwiach ks ympkirhhlag dadvantodhyb

connect i Q. h_coupl er, 320 _has {, rts, one of which.i.s ef.e y
connect e taggggep%?vtver Pl ARPRREE clh’\e%gﬁ?oa‘(ﬁ% The egfonr?«gllm%?o%ﬁc%ﬁi %Iul%?@# erably
connect gdeferbly compisdsCat dcorentakll icogmet@aley LaANlabgl e AXCodHatcr $38 20hiall e

f ti t | | | ectrical to th icati.
G | ng TEREAT F FFy SR URoR AL GEY EPT 0t Co PR AR IAD SaET O

t her eal gig. of bbiver Suppd? sa¥Ssiefmel 8 abdibinaen 84 itwRcdl) @vwRkitesUAWAREEE) of
interport and interpair coupling, conmmonly known as "crosstal k" and to

| . y k :
bl ock noPYRler Gt e48 Yowkeh duppmgctaBviary GHer FEakh? gt evebARFATiehEIbn

cabl i ng.refyrfIif Rl (FPERASIBNEANIPERRED Dl &Jﬁh@d&%rﬁb@_@r@upﬁlyFib@%tilgymﬁboelinecl
ina mcrocontroller, preferably controls the operation of the power

suppl y Terreceinmgcelegsiienl o820 thereftpen. fIi lis eppre@aRd dhrd polver SPEARE3B2ary be

Ref er en i- j 4 j i i i £l i of
nub 156 kg D BESab Bty O o B Wbty B Rl Bl B0 T BB a8 A AT Oy
Fi g. 2Bprésudedbeith a predresibint Yackopnfcilse such asarbagatyi com@ctioconmrer ci al |y
avai l abl e, LAN swi_.tch 184 ich_ functions.as. a.dat nmuni cati on

swi t ch/ r epeat er \21:73&1 ?uelﬁﬁé?%gast%m%%lpn% ﬁg'ﬁ'ﬁ?ﬁilwrgéfaggeconﬁ?geadft8rah‘i’°r§tg part
of powelf IR |switeh DS Sin@Mhd 8RherPEOWRTICEH UP PrdfedablyCédnacted]l 8& tyrhmGalchion

conprises a plurality of filters 372 each coupled to a smart power
al | ocat CEHI"En® ¥ty circuit (SPEAR) 374. Each SPEAR 374 is connect ed

to power supply 18gufiEk 32028 F%mtg)evo%ta\a&iog 8! &hblel SRdtriROVWIwdrNEY @ om 1t
is appreciated that power supp 182 may be _physically located externally
of the pONBMLSHN Wa@uﬂsy%hstﬂrﬁ‘il}éo.wwhé%ﬁmgﬁf?fmgy wigh? thep lath e COPMBYCHAE Wi th a
pover f@diifobackup facility, such as a battery connection. 47 Filters 372
are preferably operative to avoid unwanted interport and interpair

coupl i ng, conmonl KiltkrsBRE aas ptefarald s bpdritiveancvonl ivaoled nuerpertfand nintergairpower

SUBPLY (A ACPAORTE SATTL: G816 ARLP o o kRl FEREB™

pr ef er abdayhiogtitercohmunivatiepeabiing.on of the power supply 182, filters 372 and
the A central management and control subsystem 326, typically embodied in a
microcontrolier, preferably controls the operation of the power supply 132, the couplers 320,
the filters 322 and the SPEARSs 324.

Reference is now made to Fig. 4B, which 1s a simplified block diagram of hub
150 and the power supply subsystem 180 employed in the embodiment of Fig. 2B. Hub 150
preferably comprises a conventional, commercially available, LAN switch 184 which
functions as a data communication switch/repeater and is coupled to power supply interface
186 forming part of power supply subsystem 180. Power supply interface 186 typically
comprises a plurality of filters 372 each coupled to a smart power allocation and reporting
circuit (SPEAR) 374. Each SPEAR 374 is connected to power supply 182 (Fig. 2B) for
recetving electrical power therefrom. It is appreciated that power supply 182 may be

physically located externally of the power supply subsystem 180. Power supply 182 may be

provided with a power failure backup facility, such as a battery connection.
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SPEARs 374. It is seen that in the enbodinent of Fig. 4B, couplers are not
provided inasnmuch as power and data are transmtted over separate tw sted
pairs. The data carried on conductors via the power supply interface is
substantially unaffected by the operation of the power supply interface.
It is appreciated Fhats prnee wefpmbly cbarafibt G at) unBOWRd iRUPBL Y8 2ndhld-
3B), pover lﬁlgpgol 132 &FJ?% AA‘% and power supply 182 (Fig. 4B) provide

out put poweEr to ”ﬁf-‘fﬁihg SR aY EFGStakApnd SptognopsEATqiFthy posRY surRPAl Mg 4A)
and 374 (rEdching 4B)corpapr&tivy edingal ong a pair of conductors, one of which is
designated as a pggi tive conductor and indicated by (+) and the other of
whi ch is designat et %88l FegpRemert FeneRmeob subsmslieinndlise agrechllyyerfbodiedTinea

vol t ages nsepintedert i i i and_negat i onduct or,s, are
desi gnated _ res eci?rfg%?%lggég®ﬁﬂhgﬁa&%nné.f%%%o‘ﬁ?rfsf‘gﬁéAég @W@?%@emlé% i's
desi gnat 8448 ¥Hh. Reference is now nade to Fig. 5, which is a sinplified
bl ock diagram ill r.at | Q smart. power. .al l qcati on and reporti.ng
circuit (SPEAR) 40 si%slsg‘%dufa&f ﬁgtt %e%%ﬁ%lg%rnﬁ%ﬁt ég'ogﬁFicﬁ‘ép. erg pre 8t RIRVigFdys

4A, 4B paesiell smpoyenhmhd DCacuramenitted veosphaek fuflstbd)BairsS IHERaCAkEQbn

cabl i ng'c&ﬁ&é&s%%o r ef er abl Y".C"O rises a current sensor 402 which receives
a voltage | nput +VF POPFbMPR pgHRERCS Fpybsraially gealeardely thesangrasion whitheh i s
pr opor t i povedr sipplit erfacelr r ent passi ng theret hrough. A voltage input -Vin
received fromthe {)_ower s,ugplquZ (Fig. 3A), 82 (Fig. 3B), 132 (Fig. 4A
or 182 (Fig. 4B) prB#PaESated Batineyisr snpbu32 (Kigus Ahrioster isspply BRiEl BB),
unchangegbver & | {za06s4& NP, = CiH.rent. sensor, 402 is

suppl i egp“l% 0 aﬁbn%?ti p??c%t A%?n%/gﬁ%’gfg%pg’%@%ﬁf%ﬁhprgl"g&° R ePQEer to

respect i Vi Aler et dhise 3 419 | Nﬁéﬁlgf BBM%@gmAAIL)E/)mde@@?m@ k@pedtiobigr e Bf:e"
vol t age C | enegnt e n .converters. rogra e
e ot A Sast Bl G U8 GERRR L £ ADHTE FohreAuSRBACI,

ref erence voltage sources

control Ri(FEend the pther of Whigh iSdsign e aq FingpatidBLondbdfor G thdidfdd ®Nd) 376 (Fi 0.
Alterpatively, voltage sources 406 need not

4B) pref Yo Vi bug 407. ( ;

be pr ogr@%ﬁl %%p%ag t uﬁ'ﬁuf?p‘?‘)’f“’%o‘?ﬁﬁ'éﬁ”ﬁt@ds nEgRtiver Sordysiors eafe t designatgd r ent
i m ter respectivelytas bk VABatD/iine MifF@ERk ViRFetlodh i Bl AR 4 Y fx‘/\iﬂi a the current
sensor 402 and prgvfi des a current-limted voltage output Vout. Qutput

vol tages +Vout and®CWIER HmeWappfs d Bg Snpdich i a simphfied chinske diagrand 09

bet veen <ol and: Vot Lo 1 ool on 20 [NBating M GPEARS b 1 2B8aRTpe
3A), 278’"{?‘#&'?“‘3 B Fizs. 37 3Brng FigsAd A aRipadeil{hi when!BL qorrefisis ablpledricathbus
407. TheommbmblidnQipiRRIPar ators 404 are
SPEAR 400 preferably comprises a current semsor 402 which receives a
voltage input +Vin from a power supply and generates a signal which is proportional to the
current passing therethrough. A voltage input -Vin received from the power supply 32 (Fig.
3A), 82 (Fig. 3B), 132 (Fig. 4A) or 182 (Fig. 4B) provides a voltage output -Vout which is
typically unchanged from voltage input -Vin.
The output of current sensor 402 is supplied to a multiplicity of comparators
404 which also receive respective reference voltages Vref from respective programmabie
reference voltage sources 406, typically implemented in A/D converters. Programmable
reference voltage sources 406 receive control inputs from management & control circuits 226
(Fig. 3A), 276 (Fig. 3B), 326 (Fig. 4A) and 376 (Fig. 4B) preferably via a bus 407.
Alternatively, voltage sources 406 need not be programmable.

The outputs of comparators 404 are supplied to a current limiter and switch
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supplied to managenent & control circuits 226 (Fig. 3A), 276 (Fig. 3B), 326
(Fig. 4A) and 376 (Fig. 4B) preferably via bus 407 to serve as nonitoring
inputs providing information regarding the DC current flow ng through the
SPEAR. The outputs of sone of conparators 404 are supplied directly to

current kdgngger ARGvSWMiRD Ad8se WAL €.t hE. Q ts_of qthers, of conparators
404 are supplied t her et o p\%i a\%a *%i mer 1Af’l{.})ﬁeancg}rgﬁif REOHi |4§% foz.pr%‘ges 2
conpar at GENHBYEd gatigpgtostrar BowuPpipited dieseciduy add- Vour #re appliediagidpats tand

switch 498 apho\i,de ' rent. Limting at rel ativel i.gh
t hr eshol d, V\/niOéIée &ﬁ{g&égbrriggfgﬁtgptss awhl(igael Ié‘ﬂ?ﬁ%‘i”s"%?@“s?f I ‘écfx‘? g‘%‘i’ﬁ‘ént
limter eptndesvd Ve ad08Vwit,go tememadelent anebofrbi @fcliltopedt: pﬁg\md%mgek@)yed

action cir t.- of, . a,t.el ativel ow threshold. Flip-flop 412 is
r esponsi %/Eg (?%t & eaglﬁélfm ?%%u‘i%) W%%@ﬁgeyﬁ%ste4¢£%? QUPEAOF BPIRATators i 4giser at i on
of the cuppledttolmharageneramrd cantiol eihCLA@&_szththmqmﬁﬂlﬁ_g,&,zgqmgr Q) Ghd cui ts
226 (F|3q]6 @i& 4 76 %Flbg -35%, g%G (Fig. 4A) .and 375 (Fi'g. 4B) via bus 407.
It is appreciated FASECIhE2 HOPE7 42 SEF 178 qRSHPARE drputsuproridinga fametoh e
oper at edegindihf ehe QLI flbRaQ-thilogiS e Rpaagase a short-lead would be -.
connected between _the Vin and the Vout. It is further appreciated that the

conponents of t he ISpEMRIER]samtesef comparsragafiidare suppied ditdcdy natirvet Esdfgence.
Ref er enggd s®itb0Wo ig. i ' [ ifi schemat.ic illustration
of a prefer red | grrg?gi}f{{r?? aotuﬁy(l)lF\‘c’\,\é;)ld1c &F %Ijé%g% oglgEp Oft 4@‘?“& S@P&%.d t?‘?fﬁ%“nﬁ’&ﬁ as

i dent i c&mer 4@ prche 8ip/faptliZallbe comepaganpls ovtee butpliotfe skpidied direafitioGuriche
schemat g4 A Fi.g. 6. 1s believed to be self-explanatory and
therefore, t'e# or t lg%égggpog’%déégﬁlgg?gncggg?t Ifiting af "Hegaﬁ‘é{aythé%&tﬁﬁﬁh‘ﬂ@e%@ ption
t her eof thiessopperatate dvitver eitputs Ref eippltdaci GreQviimRGan Qwirkig 408 fia thichio S a

simplifi block, di agr. Ll lustration of a LAN node interface circuit
usef ul %:ﬁadfgxﬁéfpog b d%r%@%tnieflagféjﬁt'é’g SUTREHOB A 7 lativelx lvptheesheldext er nal
separators 142 - Hédflop %11 & rafpphacd &t 8derhdlahpdtd Snfch bl t¥mAk cgingol. i
alter napl vel%ﬂ&%fag built-in to LAN nodes, as shown, for exanple in Fig.

|A. Fi g"¢7R" et igwasand yaich 46 brnthe marsgementdt wortio! nipdsts506,

i ncl udi (®g. 3A) AT 3B$G85 VIS 202%nd 3748 supply 504 and vari ous
ot her el ements 506 _%9 %epeﬁlénggon t%fg@fl%m?gdnbg'?:&% of the node. The

i nterface circuithys wppreeated ythaothpribows describepaSRHAR cHoSitrwhinaf diso dper ati ve
to receipsudedHnd i ower. qver, c ni cation ablin dto
provi de ﬁg dat a ou{ag%a?b'?%géﬁgﬂdzggf er%%é)céﬁ}%%%B e&%eﬁe%gﬁg?%ﬁ e§}c]i9ver

out put a8 thgVewrmuni cati ons cabl i ng-fed power supply 510) preferably
formng part of ne rk node .

LT anscei ver 502 Andt BUET ARG sishabS aPpdsnt of b SHEAR may oI5 Be
organize in an alternative sequence.

Reference is now made Fig. 6, which is a simplified schematic illustration of a
preferred implementation of the embodiment of Fig. 5. Inasmuch as identical reference
numerals are employed in both Figs. 5 and 6, the schematic illustration of Fig. 6 is believed to
be self-explanatory and therefore, for the sake of conciseness, no additional textual
description thereof is provided herein.

Reference is now made to Fig. 7A, which is a simplified block diagram
illustration of a LAN node interface circuit useful in the embodiments of F igs. 1A andr 2A for
example as external separators 142 - 149, It is appreciated that the circuitry of Fig. 7A
alternatively may be built-in to LAN nodes, as shown, for example in Fig. 1A.

Fig. 7A shows typical constituent elements of a network node 500, including a

data transceiver 502, a mains-fed power supply 504 and various other elements 506
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Crcuitry, Reference is now nade to Fig. 7B, which is a sinplified bl ock
diagram illustration of a LAN node interface circuit useful in the

enbodi ments of Figs. 1B and 2B for exanple as external connectors 192 -
199. It is appreciated that the circuitry of Fig. 7B alternatively may be

bui l't-ingt as_ shown n Fig. 1B. Fig. 7B shows
t ypi cal coﬁPe s? éguenthee enr%?'nrfaé‘tyof)féh%g?‘\%o%%pHB@@a@S@rC“Itﬁ’cFYEW CaMPIHES &
transcei vaprr$&i2 508 wirkthnis cpedtipowe FecsP Rlads Bfddel@thay 86 QUSSP LhBMuli-RiRNt S
556 depe%iigﬁ%??n the. functionality of the node. The interface circuitry

typical |y QEroxide @ JARAUIR 1518 daiR HaRSCRIEeToYRaY B veparale PRESSIOVEULRt a and
el ectri calcomam&caﬁmr A érofipps il DR tfcs}mm t tput
to the d(ﬁ anscej ver H%ﬂg agd a seplgr ateB ower Lﬁoﬁ&pgfﬂet% Endid
comuni cat% oNBICR ABFlRELE eavpEWIEe @momaysc%@r SpF @ﬁémbﬂ@yfwnﬂhg patbleof
network fiagery. 550, which preferably powers the data transcei ver 552 and
possi bly any ot her suitable <circuitry. Reference is Figs. 8A - 8E, which
are sinplified bl oR«ertiegyisanpwvl madt tatfimnss, ovivhichras iaosisipifiab dlozke ndisgrafi a
coupl er us&f i3t nts of Fi 4A. T

enbodi ment s lg\r}éj@ aLﬁg%ﬂ{eﬁrégﬁ% 5 @glﬁc}ﬁ B’H%\BEFLEB%@%%B for
comuni catnple enkktengl cwidetiont 19Ps ALY Nds tabﬁ'e&léﬂe@ﬁﬁz&‘ thb RIres PR Fighrs e

pr oduci a i npedance thereof and preventing
sat ur at |agtﬁm3¥n"%ﬁ %Lﬁemblfqgﬁ tﬁg“wh ﬁﬁ‘i?f‘o"’rsﬁﬁ?%“ dorupppogleinEigel®. Fig. 8A
describes a coupl &fig 60shokGlpias c6RURleRf eleRbhif &t

(Fig. ﬁé&ﬂ sui tabl e %or use S\ﬁlh g LANeI ne accérda%%eﬁﬁ%tﬁﬁgggygéﬁdﬁ@zg
errbodl {2 GRNIREEr prés énfaingvieh tnogir seplihdh anmozlau@tss othepalemenfs 556

addi ti orga nfdli shah n naforners 6 10 .are
typically be %tranﬁ%ﬁgﬁnmﬁ g?%&hﬁ{,}r?g g(fei ?ec ry SR (R fﬂser‘?cff ude a
center tca‘@e&f‘?ftﬁ@ whisl (riepeyativesovihierts ddte aﬂbCelv@fxtﬂ@ewmoﬁ@cbomdnéﬁaﬁow res

of a twi.sd [ alns nce of the lin

prevents co eﬁge{% gméoﬁon&ah %ﬁ’“ eda{ agscgivgr & %a"élgtaﬁgpaéﬁeaﬂ‘f’%fg%’tﬂuﬁgq due

to the faa-‘@mmlkmtattohe calrivg- fvd)bbWQESUp@in%’Ot ipetleratily fOifl Yhrt @F nefwdrb @oden st ed

pair si %t%ﬂw?l | (tﬁyhe occur,rence of a.shart circuil therealong wll not

cause a power %e 65%1 PRI G Hiet ?%%ﬁ“%?&V&ﬁé%éméfP%sﬁWé’ sy Bﬁlﬁﬁrs%mrbéc t hat

it will cmﬂtmause burnout of a LAN node which is not specially adapted for

receive power ove he tw sted pa| r, 50 Fig. 8B describes a coupler 620,

such as coupl er eraecg s Fay 84y - o il arg signplifipg Qlﬂchﬂl)ig@m ilgprasioppef use

with a hﬁmub@mam&mc% Br @ehll &f GE eRHofHRALI

i nvention and which incl udeg 21 Sal r of ea %‘ﬁ |fo&ga @r anst %fr]ﬁ%r@egég% or each

channel eMbOHBEEE drvieths C@@QOBWFRWQPEWHDWQDCI)OWBamshe)cmmnmlwfulooimaﬁng

epar at oinsR st The HiRked Bk HABE R IPORARY, € ol ot APl © 110
impedance thereof and preventing saturation or burnout of line transformers coupled thereto. '

Fig. 8A describes a coupler 600, such as coupler 220 (Fig. 3A) or coupler 320
(Fig. 4A) suitable for use with a LAN in accordance with a preferred embodiment of the
present invention and which includes a pair of additional transformers 610 for each channel.
Transformers 610 are typically 1:1 transformers which are characterized in that they include a
center tap at the secondary via which the DC voltage is fed to both wires of a twisted pair.

This structure maintains the balance of the line and prevents core saturation.
This structure also has the advantage that due to the fact that the same voltage is carried on
both wires of the twisted pair simultaneously, the occurrence of a short circuit therealong will
not cause a power overioad. An additional advantage of this structure is that it will not cause

burnout of 2 LAN node which is not specially adapted for receive power over the twisted pair.
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connect ed between w ndi ngs 634 and 636. The capacitor effectively connects
the two windings in series for high frequency signals, such as data
signals, but effectively isolates the two windings for DC. This structure
enabl es the two windings to carry respective positive and negative

vol t ages V' a t he sppesbWestBes Pab UplerAR0; as@Mﬁ-% @&géﬁ)t’l @% ﬁ)r&%ﬁ'ﬁ g 1% that

it appli net. zero DC current via the tw st nd 't hus el i m nates
the magn 1304‘?*} SfiEpdlenir upp g 2 bﬁ%rfv\/ﬁ%‘éf%a‘a@ewek|asmref¢rrhd1dmtbhémtem sf 8¢ pair

carried %s@rﬁﬁﬁ\}%ﬂﬁod &4@9@%&@55 ﬁfr'c‘?@é%l gﬁa? ﬁ&%}fcééobﬁf %hcc%gme‘?r 650,
such as coupler 220 (Fig. 3A) or c up er E E suita use
with a Lﬁmﬁﬁr@@ééﬁ@m@plwlw htrprlfSétﬁrmersetdh:elmmacthma:tEnnﬁ i thet phepsehtde a
i nventi og, ggﬂr}\/\/@h C a| r apacito 660 | ch effectjvely
bl ock DC fcr om refac h|"‘rr?ilg t ﬁisf_ni?\lP F% Aate 'ﬁﬁ“@ %%ci“ﬁir E% & FEPgETY %10 1SS| npl e
and doescomwected duiween awindohgs td3énald 6B6. Al @apiitor Eﬁ@nv&@ EtRnedts BRS tao

i tab o et SENER IR Rttt son SR e bt RORe of

the pr eismmtzmdmgeﬁirm and whi ch includes two pairs of capacitors._680 and
690 which effecti \ﬁé‘%/ ck DC fromreaching the LAN switch. This
structure is al so At ‘i;%rleye@?lﬁi)lt@e dWE WEdRERde cargqisrrestivm Pasdye iaahal

tr anst oregitiveWajiaghvid e e alisRd Bas. ARG AMMAOLABG LRRhENGLG: %d;ﬁei act
that the sanme voltage is carried on both w 0 tw ste

si nul t arf8b&EPYDC tHEeHcda theetvdged pain agh dhus qhnnmmstthe mgnesi Beld thatl wouldt
cause a RRWe ;a,‘ggg tage of .this cture is that
it wll not ;Sg%gereé urn}(])dgr? ho téci_%lzla ngecavlaglcﬁeqténtr}f%tsa[gep‘ggicﬁ?ﬁ/ adapted for
recei ve ipowkl desceibes t lveuple §10pdughaiy coupleg. 228&F@esa0|dﬁeﬁu;&xercgmpl’le‘g. 489, such
as coupl A coupl er 320 abl e use with a
LAN i n asgfé%b?gdg%rt(:gée\?\nw tﬁ H)L%‘qu ‘Ir%é’ﬁéaé*ﬁebgdﬁh R?Efﬁf‘@ ﬁ‘@go ‘H{qﬁerﬁfé??m on and
whi ch i snenged fandbaﬂmcﬂmm@deomir D e cidsp 660 GritEH eﬂb&ml?omb&mwc froR)
conpri ses S, cho ‘?ZfrA@ ﬁg@’r‘ﬂSt abl e active bal anci ng circuits 702 and 704,

whi ch af &< BB e“"*?‘ﬁ HEMTOM ToARtvE LY wEple apd Geesdehienvige amaiditinmel ol
circuit srafé¥ormead 708. It is a particular feature of the enbodi ment of Fig.
8E that the two pairs of 51 adjustable active balancing circuits 702 and

704, which are op@ﬂa?p\figsqrﬁe%ﬁﬁqﬂ’ﬂﬁétﬁﬂgrﬁuﬁh ghcouples Be (Hig 8 A emsonigferaind
contr ol (! aM) bifabROPANA. 6O ALANRPIAbINRed QiR SHRLEd RESEUARNY of ltent | cal

vol tages on each of the two wres conprising a pair couple
t her et oPTeS@Yt Agventjon ard which drclusies swo Anirsef ¢aphciioss @Rﬁlmide@()t\mhlcb effestivebt i on

gggl ' C\%g%h%%)gﬁgﬂgﬁ‘%clﬁ% F ]Eﬁdﬁ@ﬁ/fitglrl "Rlis s QeurdRD oL t1vne?y SlBla{C ard doegocoupl er

require an additional transformer.

This structure also has the advantage that due to the fact that the same voltage
is cartied on both wires of the twisted pair simultaneously, the occurrence of a short circuit
therealong will not cause a power overload. An additional advantage of this structure is that it
will not cause bunout of a LAN node which is not specially adapted for receive power over
the twisted pair.

Fig. 8E describes a coupler 700, such as coupler 220 (Fig. 3A) or coupler 320
(Fig. 4A) suitable for use with a LAN in accordance with a preferred embodiment of the
present invention and which is a self-balancing common mode coupling circuit. Combiner
700 comprises two pairs of adjustable active balancing circuits 702 and 704, which are
operative in conjunction with respective sensing and control circuits 706 and 708.

It is a particular feature of the embodiment of Fig. 8E that the two pairs of
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vol tages, as aforesaid, are applied to each of the two wires conprising the
twsted pair, there is no DC voltage across the secondary w ndings of the

isolation transforner 710 and thus no DC current flows therethrough. This

obviates the need for DC isolating capacitors and thus inproves the

bal anci ngdagtgbghrggg‘g@ (5] 1B\ he co ner.

appreci at ed t hat V\hetraggg&?%&géﬁe—}gr g’??c@ﬁi ;'}Jhljc ear Ogg;‘%ve \ ﬁonr’%nc\?%ﬁﬁlvat not be
any need"E’I‘SB‘I"Ct‘éfét%evfén&)éFér?@ﬂfm@ gsups gOP ded 708 aneo;mfrimzdl wenkinofin BrepiseSE, in

reality I stance a

comuni cg#?té%@gg\{%:&ngé %a%gt% gﬁl@ t%vﬁ%ﬂ%cgrggllsf%%tw%ﬁé @%CT‘PUBF‘J'CI tﬂ"’éaf’vxo wires of

the twisted pair V\Hurlm,hﬂmohe dn&pmtahéatlmatwntdh it BeupdISIe RE@NYhicadsd & ta\bﬁng via

bal anci ng, . Bgﬁg ¢Le t| ng .a quvolta e dr across _t he _secondary

t r ansf or mef %rﬁ“e JuPdUEL SR Pef ﬂ%"a‘f%*P]é’f /6% WC%GF@%W ‘@ﬁ“mal

t r ansf or netagds] @s alRefseidens ap]blﬁedl’t@\ehd}ﬁ&d&hd:tv@) wizky coMlirfhhgl e m&mh&%&@
schematlc I!‘}E‘jrﬁ {t'atl on of preferred |n£pl ement ati on of the enbodi nent of
Fig. 8E' elidaacTose Hieiseendpgrdp@REso! e ipiaps trapsgoranap| 789 end Hhws sot h

Fi gs. BE)enﬂrISEt AdRerhe e sRdn Q”hisldbU§\t.eE Ahd QéEd%r Bcdisorim eéh§'clspap ek GYE g}utso be

sel f-expl anatory and therefore, for the sake of concls no addi ti onal
t ext ual ‘GEELEP &qhﬁﬁﬂﬁﬁéﬁ%mnﬁa@ﬁ@wm tebadpmof tiRedaartémoe i s now nmade Fi g.

8G which is a si I tiQn. ferre
i npl enent ati on of %ﬁgotglg ﬁgﬂ?%%r aslfh al{ﬁ%’é&cfﬂ?y ‘sdﬁ‘hlcsﬁggg‘ ?fgh”[o”%af}c’t be
r ef er encgdy rﬁﬁfinﬁ@raacgwalbefam ey ecbvidad hmnt}h: érhigRlim&it drde 88E, ihhealgldaensdi c

illustr f- F bel.i eved to be self-ex Ia atory and therefore,
for theq%gﬁgmgfmct:})l%c?%serﬁselssgnce %O%dg\et‘?“é’ﬁ%lcomfné‘?'tcﬁ @8 steBh thhdtleof is ¢

pr.ovi dedfohmeelon cadRebfothe NOE wirss BOthe BEicked tpeir Wollft no? He 1de9&zi4\hﬁ B BEdce of
sinplifie b%a? am .and schematic illustrations of various

enmbodi m?ﬁ? $ a‘ﬁ*%eagﬂsﬂﬁF’ﬂ%gé?G|V0F*i‘€6t4fep SRi6Uiheesseandaryf ofrapsformer 7D & 7A
pr ef er alihichi douliDdbid Wihe PR Mt &'B@mﬁméfﬁﬁrée?(?'?@' ners of Figs. 8A 8G In
addition to the co onents included in Fi A'to 9G these separators nmay

al so incl ude appr Bpfereaace isfomt made Kig & orhéchi lmaénmdlfredasnhtmattceﬁmrranon of
cr osst abkyrefThed VaikALS SR oS HTRM b%dlg'@{? of E%u B2 2z 9 ﬁrené’e

power fromthe conmuni cation cab upse | ng f %al a
t her eal B¥gSTalRTE eemplaytd cin rirptia FE2. B’Eramm}? Cth@.ﬂ@‘@rrlaﬁc tnlﬂt&tdanme off A déh ¢e

t her eof I ratl nout of .transforners coupl ed
ther ot o SRR LA RAINE M theHiorB FEGHe Sl A HEniteara ror SEAPTEE §
2A) , sutelmlbl @Scrﬁmronuhe&etvﬁm bromdhd\hértm accordance with a preferred errbodl ment

of the present BM t| on._and i.ncl téges a pair of additional
transformers 1610 F6F "€5E ¥ fg 8% Fitchdt araimplifigd gchematic illustration of

a preferred implementation of the embodiment of Fig. 8E. Inasmuch as identical reference

ing DC

numerals are employed in both Figs. 8E and 8G, the schematic illustration of Fig. 8G is
believed to be self-explanatory and therefore, for the sake of conciseness, no additional
textual description thereof is provided herein.

Reference is now made to Figs. 9A - 9G which are simplified block diagram
and schematic illustrations of various embodiments of a separator useful in the embodiments
of Figs. 1A, 2A & 7A preferably in combination with the respective combiners of Figs. 8A -
8G.

In addition to the components included in Figs. 9A to 9G, these separators may
also include appropriate filters to avoid interpair and interport crosstalk.

The various embodiments have the common purpose of decoupling DC power

from the communication cabling without upsetting the balance therealong, while producing a
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are typically 1:1 transfornmers which are characterized in that they include
a center tap at the primary via which the DC voltage is extracted from
both wires of a twisted pair. This structure maintains the bal ance of the
fine and prevents core saturation. This structure also has the advantage
that due to.the fact that the same voltage is carried on both wires of the
twisted PUPIMAhHISCIREaINy Mpeenth UEePE AePTEFeralng Kekfatien pe bRmoYtrimal ong
Wi |l notracguseeracRPMRN :h@¥@r | oad. An additional advantage of this structure
is that it will not cause burnout of a LAN node which is not specially
adapt ed for recei vEigdeteseifes a wsaartigl $6Wd sysdti as. semirgor OB @es @A) bastable

separ at Oy : " i . i : ith a
LAN in accgj)l? ég"ﬁ?:djgm%bﬁ&aég&r}gﬁﬁ 3‘83‘%%%%5? %gﬁtg é%’fn%#tlhggq%% g%ﬁ{ lrﬁv%@%ﬁl};&lﬂ%n and
whi ch i néhishasclydesad paipfof aditiiietad mahsferrmmsdPrier sach6BanebTreathmehartne! .

Tr ansf or ger,s,: : i : sforners, whi ch,are characterized
T hat PRap BN ARG Aich o bl OB PL B i PO dRER R

wi ndi ngspriBay \anehicB83B: DA volipscis bxractd 46ni inotlc ofeeot adlistdighaieen w ndi ngs
1634 and 1636. Th capﬁﬁi tor effect] velg/ cogg}eclts the two wi ndi nlgs.i n
series for high fredudReguesiBHARES s Ralinge of thealing Y Arevents roreFEatiqny e v

i sol at esThibetriwre aMdKsnBSadvahtaPCthal MieStoThd f6L Halih8 IARE OStabb s EaRedbdi Ngs
to carrﬁboggigrect ve positive and negative voltages via the sanme twsted
v

pair. A 4 Qe distad rairsipyftangusly; tepparTenge efgpthpe sirguit therealpag wilbc
current pbiadsBe godes boeHRA! An aldlibilsdahiad SRS HLbGTREREE bl hbelfss hat

woul d otherw se have existed had the twsted pair carried DC current in
the sanePgneus&f  bhdY ndegvhidas metspetiplbsadapted frarrededre pe®B0yvestlie wisted pepar at or

142 (Fig. 2). Uit Sl useti o LN N BEgRr dBnes i hdei] or o0

enbodi nent of the present invention and ncludes
capaci t orse wWig68 LY gh aetdrémice wathya plefaked DahHodonent efichy pgsdnhénveodien and

circuit g, .. Thi cture ..o tively si an oes t requir

ddi t1 ondioh FEEb dl Sadgilo i ntBinest o) B eBnrelo e dE0
separ at are fiypReafliFilgl t2adfornss tvdiheare tiiradigRedvid Fhad thefNnélildeas paAANTEI MW th a
preferreq}i nbodi.rent of the present inventiogn and which includes two pairs

of capa 5 B3NN OL EFAMIVENITSE 1834 RULILG3 %) A CRPASEOT 1 1S 0RBISy t he

node Ci betide .wiklings asxmﬁwu@sé_srhalcggac&&l atdcHedly cohdtBls&hd b 408EnEOh
require an ddi.tional transformer. 53 This structure also has the

advant a§& iy Righ Fequeny Tignals, (weh 23 Kletassgals, divg sffactively isalatesetrediwobot h

Wi res ofyihdifgd ot Biced pair sinultaneously, the occurrence of a short circuit
therealong wll not cause a power overload. An additional advantage of this
structure is that This st@iciure epables thsetviumimlingsofo samyARespentize vgisittyei adnot

speci al by adarbeshel Ofa 5E S R0y L Ve{dvar'{tarl]g% IS LRLRA thar it applies a
net zero DC current via the twisted pair and thus eliminates the magnetic field that would
otherwise have existed had the twisted pair carried DC current in the same directions.

Fig. 9C describes a separator 1650, such as separator 142 (Fig. 2A), suitable
for use with a LAN in accordance with a preferred embodiment of the present invention and
which includes a pair of capacitors 1660 which effectively block DC from reaching the node
circuits. This structure is relatively simple and does not require an additional transformer.

Fig. 9D describes a separator 1670, such as separator 142 (Fig. 2A), suitable
for use with a LAN in accordance with a preferred embodiment of the present invention and
which includes two pairs of capacitors 1680 and 1690 which effectively block DC from
reaching the node circuits. This structure is also relatively simple and does mot require an

additional transformer.
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Fig. 9E describes a separator 1700, such as separator 142 (Fig. 2A),
suitable for use with a LAN in accordance with a preferred enbodi nent of
the present invention and which is a self-balancing common node coupling
circuit. Separator 1700 conprises two pairs of adjustable active bal ancing
circuits 1702 and 1708 stiwsivehalse bassperdrines that denjouhe facomanhe knmer estpget i ve
sensi ng arng &Rk tbglb It I arti cul ar feature of
the ermbodi ment. of Om ﬁ/ﬁ'gg Blﬁthg \Qvﬁte%%wlsﬁgl?l}asne%?sly tge ciugsxilcg Og(‘%t Ih% circuit
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a tw sted tbﬁaii“rlst@bwﬂ ed thereto Normal Iy the input of a LAN node is coupl ed
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pair, there.is néﬂgqﬁvol tage across the primary w ndi ng e at| on
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t he need bPidjl&bSIE LG roves..the bal ancing.and
i npedance matjchl ng blehaw%ﬁ?@rtgi?ggggé?%%ﬁhm % gr%trweem SRR th

wher eas i fFSBectike snaing ead F@nfliodjelaﬁwts%%eamﬁil’a'%e woul d not be any need for
active bal ancing as od| in reality due
to variations in tIhE)sr lﬂ?lgglla}s eﬁhjc}g Og:mc%n gﬁtqfrﬂég %Fgﬁ\ﬁh'fhea‘f”ooﬁﬁ“éaﬂﬁ i ng
system t¥busble gesivedglasciog cradts 1902 tahe W@’@ WﬂldﬁﬁéreQ*fpefaﬂee InonfuReridRithwoul d -
not be idg %};el et Sénrs]mt hedabsen e of 1?@% (g E@% ancing, .thus creating a DC
vol t age drop acr oss eHECprHE §/‘r°(5’1‘ts g ai"*?%‘“%"ﬁ termeiniaingpregigels
ei t her san:imta:tii aritagés daabiput thetwd wirBsdoptpi®ing b twited 281 QUAREGelety NOW Made
Fig. 9F, which is ustration of part of a

% n’ﬁgllfled schematlc il
preferred inpl enen He mm e hAMN prdats erupkddo communiqaiondiablingevierrnt s

1702 andsdiZf ﬁﬁ@fo@xﬂé 1 nasuMeh i r
07, o s U g G e 1D P e

bel i eved F2%&: §5e4ff”ieé§éﬁ>l aspAadginethon 4vbrofftbr byo Wires compriskakihe mifvlsted pair,
f i in.
conci senasgie if1 5ddhll rh%%sggétp Yl RAMObF AL il DRI S bl DA S BEL C1

Ref erence i s _now nad e St pl fation
of part "fDGcyret ﬂﬂwewerfmgbegha Ahatobentepthetreed EorlindisoRithg edpaditdds arﬁfthus

i ncl udi ngmBlKBEME $a1 dg4 Eler lna ch as identical reference
numeral s APvS fb ol n%gboﬁﬁg?—mze maéf §Olba *B¥AShatic illustration
of Fig- 9Gis beI i Et\teab;twdaai thed \ﬁh@é@p|1rﬁﬂ&te@fe&icﬁl}dd&ﬂ%§§érﬁ”ﬂﬁre wh@l nbbge sake
of conci %ﬁ)é%ged’ £19 add] tll onal text HB‘J scrl ption thereof is provided
herein. - & ChiFFRVoPaiEicye asoproger ahe embpdimens of tFie. s inr ecalityadug ke
vol t age ivariatiod® it itBAID® Resi@irle |a@cﬁ‘t@Sth@fenflﬁecédﬂnﬁﬁi‘égloqxabgbl1}@ s%élﬁhtﬁehﬁb are
coupled in order to prevent
voltages on each of the two wires of the twisted pair would not be identical in the absence of
-active balancing, thus creating a DC voltage drop across the primary of transformer 1710
which could cause either saturation or burnout of transformer 1710.
Reference is now made Fig. 9F, which is a simplified schematic illustration of
part of a preferred implementation of the embodiment of Fig. 9E, including elements 1702
and 1706 thereof. Inasmuch as identical reference numerals are employed in both Figs. 9E
and 9F, the schematic illustration of Fig. 9F is believed to be self-explanatory and therefore,
for the sake of conciseness, no additional textual description thereof is provided herein.

Reference is now made Fig. 9G, which is a simplified schematic illustration of

part of a preferred implementation of the embodiment of Fig. 9E, including elements 1704
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current flow through transfornmers 1710 (Fig. 9F). Thi sis acconpl i shed by
the circuits of 9F and 9G by changing the current flow ng through the
active filters 1702 and 1704 under the control of elenents 1706 and 1708
respectively. Reference is now nade to Fig- 10A, which is a sinplified
bl ock diagram illustration of a co ni cati ons network incl udi wer
supply &R 1%%35&?5&93%]3 38 OMRTHA CAISTOIE TEEKTANYC CBRYEL (R @ag'aﬁg&g’ erative
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oper at i agl 9G byadknging twetinent Bdwihgasbuglothe atives fltets pred add 1 yo4odndaothes vi a

the hub 201 d the o] ication cabling connecting the hub to various
LAN nod&¥ ro?ﬁﬁg?f@e’itﬁPL?gtafmggzénscrgfﬁffiﬂﬁi%nt of Fig. 10A, subsystem 2030 is
located within tihegelosde B0k alde itddigldess awhRWes aSsplifted Gitkvdiagdin

suppl i es, operati ng power, and/ or backup power to various LAN nodes via the
communi ’ilélﬁfi”’é’ﬁﬂ bt iCAGMUTSEHQNS NPT albF WAINZCROFST nyPRly rifd cFgnagemany SV t ch
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el ectrical power fromthe power supply 2032 al ong the comuni cati on
cabl i ngermkpdiment @t psesemt iwfentione LAN nodes. Bidirectional data

communi cations fr -SWA,.C h NS ,
substantially w t‘ﬁo&%ﬁ!}lnglg'\rqfote‘b? EE%\%ggdqrﬁagg%%rkgfgﬁ%ga Iéﬁq‘tg%&a pr fcg)rnﬁ §§§§
enbodi nehtb 2f10tWiechpis eserid, by eaningopreferdbdy @ sinscturpd cabiidg dystem,iula pRO4BY a power

| [ 038 which i d . t.h
suppt i e oy RSy S 4Dt ten coRuGhlEn e PaReRihe 60 S eRamiS HERIE Lt i ons
cabl i ne015he Lpdiheleph@izagesrRidwlacanil elleptiond 21838 cpmpiter 20d0yandaiseiat cat es

wth a rﬁ;?nagement wor kst ati on 2040, preferably via a LAN or a WAN-
l\/anagerfzé) “workstation 55 2040 is operative, preferably under the control

of an operator, (g 8YahE WHE a0RefeAbl QMbBHImdIO Ve theMERFCHRBAtick ©&Bt§ ol unit
2038. It i,s appreciated that a nmanagenent workstation 2040 nmay govern the

oper at i BAViesd AUPAYes| WPRFWBIDSHFERE FEMe vhigh db perstive i (PEoVRat loase somtver

manage ; [ i Ay, [ N nodes
TRnagerptaifl o MRIGOLoHIS aA0RPsIRYorAIGAT GRS h Rl 301 O thé

communication cabling connecting the hub to various LAN nodes.

In the illustrated embodiment of Fig. 10A, subsystem 2030 is located within
the hub 2010 and includes a power supply 2032 which supplies operating power and/or
backup power to various LAN nodes via the communication cabling. The communication
cabling connects a LAN switch 2034 via a combiner 2036 to the various LAN nodes. The
combiner couples electrical power from the power supply 2032 along the communication
cabling to at least some of the LAN nodes. Bidirectional data communications from LAN
switch 2034 pass through the combiner 2036, substantially without interference.

In accordance with a preferred embodiment of the present invention, there is
provided in hub 2010 a power management & control unit 2038 which monitors and controls
the power supplied by subsystem 2030 to the various LAN nodes via the communications
cabling. The power management & control unit 2038 preferably communicates with a

management workstation 2040, preferably via a LAN or a WAN. Management workstation
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provi di ng standard LAN nessages to the nodes thereby to govern their
current node of power usage. For exanple, power nanagenent & control unit
2038 may send control nessages which are decoded at the LAN nodes and are

enpl oyed l.?(ythCQn@ﬂePJtiv@,r reffatl %nﬁérr Hic%ﬁt\‘ol_ocgf % ; e‘ratorl L%(')A‘ Q‘g‘vérﬁgfgé t%heration of
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control message Vi gh %Xﬁ%%%%#%%ﬁ -T%&Garﬂgnet Yvﬁg(sg‘g?ri ozt?ébLmym%%@ ﬂ}?
oper at e i ppesativackKupulopler ove etinpowemt &roaerol bhitd 3058 @he pbakr Hagagement &
conmuni cat i on, cablj fromthe hub 2010 to.the desktop. uter 2012,
st mi | o rEehi b 24D kAo COmpUrER I Vs d! BOLR il 4 S PR
pover, whprbedingetodadU K atdsRBeCalhd Mgicl ey hegdudl BOL0uk&: e BEfowamer a

2014 and LAN PteI egho e 2018 carries both data and operati ng power and the
comuni catten "CABTFHECr PEIFET FARAESISY & FHErok 8ry O30y teaf rqoBgolomESFagRAL a,

in a typi @Rt ¥relddbbai 2 BRGRN hodQNSE hHERTHo RISy BRESIRH Hehd RirdS e
with a preferred enbodi nent ofot he pr esentoj’i%nvgr?tgi oﬂgdl%ﬁ%{l%&é%gﬁg%% ed

that each‘Sf&tIHE ppsenisding vioter fulpoaetiahfischonabityes yeyideg chwzeatover t he
communi cation cabl i i r r. for se at i th l.ectrical
power from the dat a&gpﬁgﬁg}é#?eﬂgfhr%g%d&yﬁéﬁ(ﬁn et "g “r—%“g.g 1 ‘iﬂi?&tgﬁeenses
separ at ortBatanaing pepwerabl power sippin2032t is nbh evailelsipeic trayeseid d e®navidmess foendh

separ at el | i.t being.appreci ated that alterpativel iscrete
seBar at or%lAlﬁg‘%{tg}g%eﬁgfoo%ae. t%F tvg?%ﬁgl"g‘gﬁpfi%@ﬁpe’faéeaf’&'??c P PﬁéE’dé?PgdlﬂW?ént of
Fi g. 10Amddat both data and power are carried on the sane tw sted copper
pair. It is appreciated that Fig. 10A illustrates one enbodi nent of a

system providi ng & &SEFT BapHikeromg nifatipa caliag remdke Yty 281 Gifbthg gskiop

conmuni cabinpiite£ 3011, Maksi AR REHihO 8011 8nd a&nﬁ&erV%imHa?ﬁésﬁ%tH%?émmmsf
enbodi nent of a, system providin el ectric power to plural LAN nodes Vvia a

hub and ®8WfuMEathesionabrdarion exvine fomige hWe2hgyo theouparinsis2UANNHBARE i s
i 1T ust rat@hnbhe BO % caHibs vdth atalan&%glsxla{iﬁg E)B\%%l’eﬁldathg %grghuﬁ{cgf}orpgbggé from
an ni op trve 1o provide

i ncludi ng a power supply managenent era
el ectri célic hybvie the ssriep2al2 camnesaonhetmarik arpuies]lydvAN acanganmine @bisonctedibnd ng.

56 Refer - Fig. 108 ich s a sinplified block di agram

illustr at‘B P%%“lc?ﬁ HQQ%BJ%gF@g i%%%”?fg?%\rghﬂn?%eﬁfﬁipﬁede‘BéQi‘\ft?PU%‘hppI y and

managenment over chrisnappeeiticonBatcabh iof ghe QAN hokgdsexh1and2 e ratidhy feckiftes

accordance with e}ggzeferred. eg%)?.di man} of the present invention. As seen
re i

in Fig 9% ¢Ye QPSRRI “aP g c HIClugdFS 4 STBLRISF KO PORRIBLIOE NS ickcriyal

power from the data. In the illustrated embodiment of Fig. 10A, the separators are typically
internal to the respective nodes and are not separately designated, it Being appreciated that
alternatively discrete separators may be emplovyed.

It is a particular feature of the embodiment of Fig. 10A that both data and
power are carried on the same twisted copper pair.

It is appreciated that Fig. 10A illustrates one embodiment of a system
providing electric power to plural LAN nodes via a hub and communication cabling
connecting the hub to various LAN nodes. Another embodiment of a system providing
electric power to plural LAN nodes via a hub and communication cabling connecting the hub
to various LAN nodes is illustrated in Fig. 11A. Fig. 11A illustrates a local area network
including a power supply and management unit operative to provide electrical power to local

area network nodes over communication cabling,
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a hub 2060 which is coupled, by cabling, preferably'a structured cabling
system to a plurality of LAN nodes, such as a desktop conputer 2062, a
web canera 2064, a facsimle machine 2066, a LAN tel ephone, al so known as
an | P tel ephone 2068, a conputer 2070 and a server 2072. In accordance
with a preferred enbfdicAghts 89wt hedepioeBignt OB nwaishi o tiligliged Blocprdmgraed a
power _SUpmuytrﬁH)Iﬂscyfsﬁec%h%%@ca%hscpet%ripﬂl%l’u%n' Vgo&f& ﬁgﬁg'ﬂl?rﬂgnalg Bl S
operating or backup power to at [east sone (_%f sal d rality of nodes via
t he hub 20BUTERHEERe cadngupersatitoh aabldpagtivonneetiongntchevitiutn toefeard ous
LAN nodesepbdihbe Jek : odiment of Fig. I OB, subsystem 2080 is

| ocat ed V\,?Thiﬁ t he %ﬂ%&%g%gg\%ﬁ includes a power supply 2082 which

suppl i es operati ng 4oseen imbig/ d9B, thae kupcpdees [dcal arar tedusek LIANNNostasisiia t he
conmuni cat § |4:-n0.. Th muni cation. cablin onpects a LAN switch
2084 Vi aagahlgogzv@r% q‘éhd%g]lsf OFﬁ?%%\y é:é@l%éréfefac?l)f Ry F%E??HW‘_&\NSIC%EP&PI“W&V power
suppl y i ntfdrAldomdps; eudtdesa ebRedpr dotphitep Q06T of watdntie: POVCR LSRRIy mIABRe

al ong them%gnnggk\gap 8n cafl i ng to at | east sone of the LAN nodes.

Bi di r ect i‘onal IR B AR SPPBRES £ SniclerRpradd68na oosites 2920 ardt B givet he
power sumat7y. i nterface 2086, substantially without interference. In
accordance with a preferred enbodi ment of the present invention, there is
provided in hub 2060 aeCoséaRe? Witirapreferiad embedimeniop! dnipres@0g8ventipe thenmis t or s
and cont rebsded: BEpRAUIRIPSYPRIHsRELDY08Y t gy nodes
via the cﬁgrrrrueni cg%i ons nglgbful n)gs. The pgﬁ%‘?} r?rszratnﬁé%gt?r"een% ggglg%tgrto@y%n%bﬁum%
pr ef er ablope@bpgronbackireo wi tdatdeastramageived pluslitk oF atdeo Ria20:Hub 060 hed del y vi a
a LAN or - nt_ workstation. 2090 ,.s operative, preferably under
the contr. gﬁ“\é\@% cé‘%g%grﬁg?8‘§f‘,ne‘f‘b“g3%‘€/‘té‘+bn‘°t"ﬁfé"“d%é?‘if‘? % of power managenent &

control unit 2088. In theiifuappdesitairtknt bAFiga OBNAGERRAL 2080r k SbatddoRitBR90 My
units 2088.

govern t i on.of [ tiple power nagenment & contr ol

The pom?ﬁeﬁ%gé&ﬁ_ ZChyds i3 B‘F‘”ﬁnﬁip“f’f\;@p@g‘% Y CTh PaRplieD RRRTHING APV SR 3K/ ar i ous
LAN nodebaskuf fobler sniviutdus 2084 fes PaOé dbmtusicadalA ik AN HIES AR cdRnt he
nodes the&gbééztﬁo govern their current node of power uSage. For exanple,

pover maffRyERERPE SOOIV 0520BE: Rtyer seprly aderfaco R0Fpioshgaarian Iiich are
Secared shod)l focoipe, ot e RO e L e U 88 1)
i s provi 8688 tthe cemmuniciionesblipe dp fa deasasame ahee LAY poiserBidusapeadita s
v | Al B Ay el a3 Aol PR S 68T 200e (e
vari ous $uliapielysvithouoipearfetemce.n a backup or reduced power
In accordance with a preferred embodiment of the present invention, there is
provided in hub 2060 a power management & control unit 2088 which monitors and controls
the power supplied by subsystem 2080 to the various LAN nodes via the communications
cabling. The power management & control unit 2088 preferably communicates with a
management workstation 2090, preferably via a LAN or a WAN. Management workstation
2090 is operative, preferably under the control of an operator, to govern the operation of
power management & control unit 2088,
It 1s appreciated that a management workstation 2090 may govern the
operation of multiple power management & control units 2088. The power management &
control unit 2088 may also communicate with various LAN nodes via LAN switch 2084 by
providing standard LAN messages to the nodes thereby to govern their current mode of power

usage. For example, power management & control unit 2088 may send control messages
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node. It is seen that the comuni cation tabling fromthe hub 2060 to the
desktop conputer 2062, facsimle nmachine 2066 and conputer 2070 carries
both data and backup power, while the comunication cabling fromthe hub
2060 to the hub Cga?ra 2064 and LAN tel ephone 2068 carries both data and
oper at i ng” PShere LiTar i Reohilifiodet 36 AR lPYRg trrcomiroidneinthp cirayitrhel Kes: ver
2072 car r 145 &oniByfodadrrollif Rndiidi f6iabd parkAN: 3Fi 5 ARBETBAL: &ANSLLyct ed and
operative in accordance with a preferred enbodi neEnt "of the present

invention. It is apPrBESEEHl taatvisache prvarieanggnan desorR0bnit 2083 7%0psenhi ch
recei ves thxowmeins QY& bR ve@ AN 6844 RMhot adlilng. ;¢ NG/ connect or .for
separ at el yAlgr ovi gi n gl%ect i ca* pOwer -an I%g‘ltg’al.t n{fhﬁ/ #ﬂgaﬁ%fmﬁ@t?ﬁ%ﬁ via
enbodi nertAGWECl 2080R, caubetheonrniect oAl mades totoppiasalnl y/bickte bnadduted foher
respecti yg,fpodes and are not separately designated, it being appreciated
that alternatively discrete connector nmay be enployed. It is a particular

feature of the enbidisrent taf ti Gmb@RatibataslRgaraRdhd BELOAS & the Aklikgd ON

separate 1 er_pairs, .of h conmuni cation cabling line. It is
appr eci atcé%{lp?%g? 0#3’5‘”%@" RV tzﬁ&g%“‘gﬁ%m@ﬁﬁo%q"ﬁe‘ﬁtm?ﬁ bogh &gt aavh baglewvi di ng
el ect ri c ppewemwiile iplcothuriAbon egfifg b e R R0Go GRITIMN, £k 284 GRPLARY
connectin glP)e ?{}%@ to.various LAN nodes. Another enbodi nent of a system
provi di néeqep BR £Y95cCaptmepoth dat3 anf grering pewRsandthe gomaisnigttibncabingfromt i on
cabl i ng demeabimeetRe 20ucarti& ! ; SANIS i | ted in Fi.g.
11B. Fig. 1113 illustrates a | Odﬁ&ﬁ#g;%ﬁ%;% E‘Alihnc u‘lﬁﬁlﬂf\%{%’nﬁt{)ﬂ\l\%‘?ﬂ ﬁlppl y
and managesTERte [BAFOrdpes with g @referresrambiodiancst oftthe preadnt powetiort o | ocal  area

net wor k nodes overyG I: [ lLbng. , Lo the i)l ust ed enbodi nent of
Fig. | 1A a convelﬁtq%)%:%&%% tggllo%agé)gg}%nld ﬁ?‘%@izggge‘l‘{eo%r WEIEh SERNEE over
t he commPeiverapiasnthe adsimmygpicnicbnacgdiimer insiuped ¥ Edtlect B HGY S&MHelp URSHIGREM 2130
i's Iocatggct%gieﬂ' QJaI laXdO hyb 2100 and,incl udes a_power supply 2132 which
suppl i es operating. pomeclataaﬁa/t ¢ UpsEEED eﬁ‘gﬁ%f‘lef‘tooflghﬁ- oS- E&\l%@@rswa t he
communi clapicetly aafieinahgo athe WRkpectife aoRWeHd ARNAGE at8ly C @ InHed U tbeir?;é?’?’-

The comrzllmié:catidﬁtg cagbl i ng connects a LAN switch 2134 of conventi onal ™ hub
2100 t o HPCSHETHER 378l Wg’d%@‘iﬁ ceuBpicy Man ge pmplyedrent subsyst em 2130 and

connects the 58 cafiphanRfichRr fagury 8f thO ¥SibddiNeMUFE: .%ﬁqrxﬁ%géﬁiaﬁg%o&%ﬁa@e
32 along the

couples electrical power fromthe power supply
communi BTG PISEPTHA GVIStsd £oPRes aifs of saeh ommunecatidicabdidedine. Bi di recti onal

Subst ant a1y vi t ot “TRCErTar Shca | a RARRel Ll B e oy s
enbodi neWweVidng ¢lectyir @oaret th nplemt Lo rokder @ia & hub and communication cabling
connecting the hub to various LAN nodes. Another embodiment of a system providing
electric power to plural LAN nodes via a hub and communication cabling connecting the hub
to various LAN nodes is illustrated in Fig. 11B. Fig. 11B illustrates a local area network
including a power supply and management unit operative to provide electrical power to local
area network nodes over communication cabling.

In the illustrated embodiment of Fig. 11A, a conventional hub 2100 does not
provide electrical power over the communication cabling and a power supply and
management subsystem 2130 is located externaliy of hub 2100 and includes a power supply
2132 which supplies operating power and/or backup power to various LAN nodes via the
communication cabling as well as a power management & control unit 2133,

The communication cabling connects a LAN switch 2134 of conventional hub

2100 to a combiner 2136 in power supply and management subsystem 2130 and connects the
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provi ded in power supply and nmanagenent .subsyst'em 2130 power managenent &
control unit 2133 which nonitors and controls the power supplied by
subsystem 2130 to the various LAN nodes via the comrunications cabling.
The power nanagenment & control unit 2133 preferably communicates with a
Manage MeRinoWRf ks tatja08u 2L 4% 11 BLAR i3 15 LANQr t

wor kstation 2140 is £11opgrat| vr(la preeerabli rur%g?a:;oﬁwes EI&tWﬁ\IPOJ}{?@%%@
oper at orPoWeED SpeFR 2 hiong peer qtrmrowz@ﬁftmpowéhngmagkmrsbm& «aht LaiN undfts 2133.
It is appaectah8datat t af40n 214 oV rnJ;
operation of Oﬁt ) J%%%L\?\je%ﬁg%aglﬁggiﬁﬁe%wﬁ%oﬁtr%ﬁss KPS g‘ig E
govern tShbgst@pelﬂ)awitbmuz@rﬁtenﬁﬁrhrtcepl e hubs 2100. It is seen that the

comuni cation cablin f om t o,.t he kt op conmputer 2112,
facsim | e machi neknzi « %@hﬁé’f ?”ﬁ%é%dé?‘?‘}tég t %P‘F?S‘H‘ét”éi"e&‘h?fl BAE Rk bp
power , mm@duh@mmmaﬁd SangRBlehNghbky@sm eo RuRedkBfhsb@ehh@ dvahocanmera

2114 and LA[(E#‘H gl&ﬁ phone 2118 carries both data and operati n(g power, and the
communi FAE PO BRISPIPRORGR CPOHEh S poreo serplieh By sehsydem 2139 i BerveEsuon| v

data and AReddUlia BREAINAASS LdbIiAYIthe FHPSVRIBEERIR % LRrd dnPheal |y LAN
arrangenment constructed and operative in accordance wth a preferred

enbodi nEFRCHHY CRBEONESIER tvithra BArdgement] workisietion 2 4t peaferablp virodilaigntoref Fi g.
11A, eagaQf the LAN nodes 2112 - 2120 which receives power is provided
with an external separator for separating the data fromthe electrical
power coupl ed to Maeegcwmamtuwirksaticnr2 16k opegative heefexdbbr unaler fepanadlarfsn

d 2112 - d db
O g P e e SR SR R

cabl i ngthahputmaaagensep avadcg atitat alamdm@ovgfvemoutepu)bﬁranéﬁ de nAppileChRt@d t hat
2120 may al ternativel provided with

Tt er ﬁ;f“agagsme% FaE i3 atshag plsa Bpveat e BoTBHE Datple MDY S ey b

provided w th extieisgen HIRPMcAdoMrBuniddtioh TaBlity B&MALE dub Pb0 't@tréddiésicﬂoian to
t he LAN nodes descri hed herei nabove, the present invention is useful with

any ot hEPPRUET 1 ZFelantimde maghine 2416 pag C@%ﬂh‘m 8120\r3rEpseberh | 9ake art bed®ppoi nt s,
ener gengitvdr, Witlel tAfcsimib S0 Sh S10H lﬁgsﬁvonpfﬁg'hDQZ M%P@ﬁ}%e&%er CohY £3TB0RS

al arm sensors, door entry sensorsS, access control unit aIap top conputers,
net wor kielspangAld8 camies hoh datn amdinperating powesamintic comremization m&lmgs&cand
menory pagk t stali ln the Jl]ustr

enbodi nent 81%0?35 tﬁe Igggvgrpggjr%ségpfs\gﬁa a%%) a%?%@ d(?gEs nﬁ%dt nOtp Vi Ough

el ectri %’éwsmﬂ%mﬂ typieally dodiN nircagéroent cahdtiungd aand dpepaverin aumﬂz;ncand

renage , SRSKLGILEHIR dtd SSALET ke ol 1Y of hub 2150 andincl udes

aI Y]

In the illustrated embodiment of Fig. 11A, each of the LAN nodes 2112 - 2120
which receives power is provided with an external separator for separating the data from the
electrical power coupled to the communication cabling. The external separators associated
with respective nodes 2112 - 2120 are designated by respective reference numbers 2142 -
2150. Each such separator has 2 communication cabling input and separate data and power
outputs. It is appreciated that some or all of the nodes 2112 - 2120 may alternatively be
provided with internal separators and that some or all of the nodes 2112 - 2120 may be
provided with external separators.

It is appreciated that in addition to the LAN nodes described hereinabove, the
present invention is useful with any other suitable nodes such as, for example, wireless LAN
access points, emergency lighting system elements, paging loudspeakers, CCTV cameras,

alarm sensors, door entry sensors, access control units, laptop computers, network elements,
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2182 whi ch supplies operating power and/or backup power to various LAN
nodes via the comunication cabling as well as a power managenent &
control unit 2183. The conmuni cation cabling connects a LAN switch 2184 of
conventional hub 2150 to a power supply interface 2186 in power supply and
managenentigups ysbansRitges amd raomnecbsidrhent onbineeT bickup heity a6 ACs hAN
nodes. The, payer, supply interface 2186 provides electrical power fromthe
power supply 2182 al ong the comunication cabling to at |least sonme of the
LAN nodes. Bi di r ect irothaliilgkateeed corhodint coabl 513s 1118 0McbAbhifMat &b 2A584icRass:

t hr ough tﬁ%v%%wgfedsn%gphy i nt erfage 2186, .substantially w thout

interferehcs Tl R ACSOr FANEE Wt HIG FIEFUHGEAN ofASHAE Nt 20POVHe Spbs etid

i nvent i onmatdwemeni Sibspt@y 208 isi 1BcRQNBScrSM RS YhBN STRARGRIERL 5 59@&@%@1@ 2180
power rrang%neg.t & control unit 2183 which nonitors and controls the power
suppl i ed HBSH SPRRANS 190574188 PREex, ard/ ueckymrowerdiesvavions ER ewsiemyid that | ons

cabling. ddempaveion AR j efably' communi cat es
on ; i{%l a‘§t fgygt&tef Qxhnéé@ﬁlt%?t@' S3ntrd? [Jfl?i)&Nf 8%?

wi th a managenment wor ~preferably via a a WAN.
Managenment wor kst at 1 rFoprng¢agon peliagicornecysrad ANabligh Qhgteof doheenciondirhob of

an opera , : i.on of power nagenent contrql unit

2183 1T e e Dol ERh ARt At o BT PERRERE b RER S0 t he

oper at i oncapfieatiiheicpindinsovethe varnadesl® mbde. TROPEWEr suppiy SntdER3 2286 pFEvYded! SO
is seen that the

govern th i on.of |tiple hub 150. |t ] t

conmuni caeﬁ?cgrﬁ&ggéwgh °Ft %Hoﬁér ﬁ'ﬁﬁ?&g??%% flgng the eruamimRtiop saYlingeto at1least

facsi ni | esonecdfi the (206 hodad Bigrgtibell Ru7QneRELiEDnPELR fakasand ?%Qkﬁhgs .

power, V\/th e t{fig comuni Eati on cabléi nggfromthe hub 2150 to the hub canera
,SSU

2164 and 'T'RREN Y&IPEBKbIPPLBE face 718 A bathguidniedencadei ng power and t he

communi cati on cabl fnged: i IA i I
data and may, but neg((:tl Oﬁr]%{ﬁb%ggg a?ﬁ?%ﬁéﬁgmgﬂdbgggtt gﬁhg?geﬁailﬁveggééptlgig:rgﬁ{'nyAN

arr angerré’ﬁi’"i@,‘iﬁinlé‘tI?Cl}’ff-ir SHPRIN AN pranagdmeat sybspsieror2d 80 pewemnirtzhagampnte&ecanea!

enbodi menhi:afigd DR BSS L WV i i Lustrat ed i pent _.of pig.
| IB, each of the LAN ails LRUERLLR e b Wit A3 SEm ?"f@vﬁf‘&ﬁ ded
wi th an AN nadds Ga e coromuiicatione pailazelTie powvi fafgedahias andirolehgetisxal
power fromeg € gm{pi-c tion cabling. The ext.ernal connectors assqci ated
with 60 ?es%g@ﬁ%\ge nodaes L Mmagassyest 8’06‘&@‘%3&% Pbiferlag’é’p"é%f‘ilx/%Nr%f"’er ence
nunbers 3AW. - 2199. Each such connector has a communi cation cabling input
is appreciated that sonme or all of

and separate data %d ower og‘ttput S, OI.'t
the nodes 2162 - 2 Ba%ﬁvma‘f"?r PAYRT vy BRETEVSy PigEarbly wrder fhistqontig) of an
connect obperadt ¢ Baters ¥R pefatiad bf Rwet RRnARARE: &184ral ik A SﬁBIYisba%pwcﬁ\’édded
with external connectors.
that a management workstation 2190 may govern the operation of multiple power
management & control units 2183 and may also govern the operation of multiple hubs 2150.

It is seen that the communication cabling from the hub 2150 to the desktop
computer 2162, facsimile machine 2166 and computer 2170 carries both data and backup
power, while the communication cabling from the hub 2150 to the hub camera 2164 and LAN
telephone 2168 carries both data and operating power and the communication cabling from
the hub 2150 to the server 2172 carries only data and may, but need not pass through
subsystem 2180, in a typically LAN arrangement constructed and operative in accordance
with a preferred embodiment of the present invention.

In the illustrated embodiment of Fig. 11B, each of the LAN nodes 2162 - 2170
which receives power is provided with an external connector for separately providing data and

electrical power from the communication cabling. The external connectors associated with
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It is appreciated that in addition to the LAN nodes descri bed herei nabove,
the present invention is useful with any other suitable nodes such as, for
exanple, wireless LAN access points, enmergency |lighting system el enents,
pagi ng- | oudspeakers, CCTV caneras, alarm sensors, door entry sensors,

access cefferove tifick 2160 AM10P aEOIRNEIS byNebse r%?e?e%@k@mbeé HEhH a%wBUbs
svmtches}f%;ﬁd routers gaonltors and nenory backup units for PCs an
t

wor kst a SUChROnBP i BAsiAcoRuRy iR Een ﬁ%?“rﬂggnpuzt  sepiiiie Hatk gnd peiarphiphised

bl ock ditagrappreciatddusid @b-QRp a0hbf BedBes Siih ﬂso e
enbodi nent o{ Fig. 10A Iijluba2010e rgsf erably c % f?%%agfvggi%ﬁsévﬁ(ﬁgo&ngﬁ

conmmer ci'BITOH SUHICFigRT and thaNsews o !l fuldh ﬂaéestNN" ST70 chay2 88 prctriieg -withOA) |
whi ch f wRehl0RSHRSa& data communi cation switch/repeater and is coupled to
a coupler and filter unit 2037 which includes couplers 220 and filters 222
as shown in Fig. !3Aaapgciied it pranrdditdn @ahblﬁéfncﬁ@ﬁﬁes@ﬁeg heﬂdﬁé))ove',l'hﬁ

coupl er andyf; vetn%n'l‘é‘usteﬁﬁ%%an G d;jiéagﬁ%ﬁ ra?% % ”@ LAV

aIIocatlon and reporting crrcar e(éﬂ
connect @dcetss) ppmmremesgqnpwv Wcﬁlﬁl%Zsy(sEmg.e ehf2A)s, b@g’mg‘ eneipehings, el €TV Ich@ddhs, povner

t herefr reciated that power sup 2032 may be physically
| ocat edgg;r( eSFrhsgﬁ 38% SHSCATASS: 26965° CPBIRL PN Eﬁ?lcy’ ‘?’G‘BQteFPayetH@rk Pemeatded with

a power sichi baimebasittdhet astl | ictders, Srbl@rhtcﬁss ad DRLESY YoaLQNEGEd Q8 pEQ
managenent, & control unit 2038 (FI g. 10A)a pr efcgr?abal 131}):‘”(:; | udes € %A

cont r ol PEPSY898H whi ch are preferably connected vi a a bus 2162 to a
m croprocessor 23 8frende READK Ym£L66 RARd I6R”Wﬁ§EhC?td Qo ?géf%ﬁocﬁydl 168, whi ch

typically includes a nodem The power managenen Fol SUbSYstem 2038
i s pref luaBtipnofer Beb.vaach 6s buh 2P ). skl nopt@ramhodnnemf oﬁrﬂg dbAt Kebooupl er s,

filters I%ﬂgab%? ? %& E%Meﬁﬁgnagoé%%rggr 1a y av?‘; albtﬁ Lé.g\g g‘ffé %bggqﬁu\?tl on of

t he povver supply ower nmariagenen
prefer awliﬁhcmﬁ‘#u(’ﬁlgat(éﬁs) witidh fuan@ge Bt dwardonsivaicaion 3914@1/1(63 fdater 2h@Ag 1N

order t er at contr.q ni.tori f the ower aIIocated to
t he vartl%o Eiﬁlw‘? g gy %Os’|7 “%b‘g‘r’gq%‘??aﬂo”ﬁr’l%ag <0 #id QIEﬁ-E
Referenoéaggamm faadepztroofaogmbmkzma/@igchow a sinplified bl ock dl agram

ilLustration of E ch %ﬁ hub 2060, useful in the enbodi ment of Fig.
10B. Hub 2060 61 e‘foéﬁp bRYd EFFpRRIE 443 R IScEnmpestd @ pluralipmet st poyrer

avai | abllcatloANngWepsrting SH6alHsASPEARE) Bt ERcn2@8h K Eb:& is gjr,gl%zecte‘enb Gawkpnct i ons

as a data cozﬁg?z%(catlon svmtch/repeater and is coupled to a fil'ter unit
2087 WHERRY] 8s194) foereceiying dlastigabipiveriherigom IBisaprreriotadghgs @owenf

power %HWPEOBI‘ﬁﬁfr B@%ﬁ <Qf6 lc(cEi’,eF extle%?ly off ttﬁ@ 8&15 58197 PSR- B8 50425 geqnect ed

to a pI ura SITB.I' power | ocati1on

provided w1th a power fa11ure backup facility, such as a battery connection.

Power management & control unit 2038 (Fig. 10A), preferably includes
SPEAR controllers 2160 which are preferably connected via a bus 2162 to a MICTOProcessor
2164, a memory 2166 and communication circuitry 2168, which typically includes a modem.
The power management & control subsystem 2038 is preferably operative to control the
operation of ail of the couplers, filters and SPEARS in combiner 2036 as well as to control the
operation of the power supply 2032. Power maﬁagement & control subsystem 2038
preferably communicates with management work station 2040 (Fig. 10A) in order to enable
operator control and monitoring of the power allocated to the various LAN nodes irs various
operational modes of the system.

Reference is now made to Fig. 12B, which is a simplified block diagram

dlustration of a hub, such as hub 2060, useful in the embodiment of Fig. 10B. Hub 2060
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reporting circuits (SPEARs) 2274. Each SPEAR 2274 is connected to power
supply 2082 (Fig. 10B) for receiving electrical power therefrom It is
appreci ated that power supply 2082 nay be physically |ocated externally of

t he hub 20 wer supply 2082 may be pravided with a power failure
backup 1 aci T SRRMER 2o GaEriars. COMMETHbnavalabpohdr’ RERSaHENES &AN
control univitcRE884 ((Figg. 10BQBYhicRIBkRIADlY a 884 YRS unSREARGRIMEN LS 2276

whi ch ar eé%r eifcgg ab conng%t eq_é\(i,a a bus 2278 to a mcroprocessor 2280, a
menory 2282 ARU COMEMFEatBn ey Baiuessy s a22 shihern iy bice 3B lyd fases oaest a
modem  Theweowshyaiat et (;&;g(_:p@jg)rol subsystem 2088 is preferably
operative to control _the operation of all of the filters and SPEARS in
power supply interfdée PeBEiad08%els|conrectesd toanplnmlity ¢fteraopmvat iabocaodn thke
power SupRiibriz agene & r unit 20 r ef er abl

conmuni cat e%b vzxr/%f3 %rcﬁuﬁtﬁ‘é&‘éféﬁ%ﬁ%} wor k%%%hats ?g‘n 2’8}56 T ri’f’&?“%%é? RO Ehrepey £32
enabl e opé¥iat B1B) feorcevingahettrimahpower thgefibmt hés gonatatal fhacgivad stgpli b2

various L 1.,.vari.ous operational es of th em Reference is
now nade t%%ly %fgg’q@i%&‘y 5%?8 e’i:tgmgﬁ P&rbﬂeﬁ[ﬁbe@%gl @%‘Kﬁ%ﬁ“&@}* gﬁ‘?:} MY PetFafidsdn of
a hub andvathpowerer silppd hechandfzaitinggeiest baulsysiretsseful in the enbodi nent
of Fig. 11A Hub 21%0 éFi . 11A) preferably corrgri ses a_conventional ,
commerci al |y avai | ab?¥S" MARSERERc K senzol it ROBYI{Eig olf8).a greferably aincludes

comuni cCaSPBAR cawirbitdd DeTPRABh afWlefetibBOMMhEded G iy I.Og part
of power ply subsystem 2IlSO. r}chr?bi ggr. 213% i%%%eg%t%%ﬁg?é@%ggﬁ%g
filter unft°U23FFmERY ¢h83 #d oaenuvRappe £ECUitBY B28n ovhidhl typically3adudss ashodam.i n
Fig. 4A_ Thepsauphgk k| [ 7»des -connected to a plural ity of
smart power p_al I ocat?g%ﬁgge;lg %@%rglrd? ?l}ﬁégéﬁr%dglgtlg p? %gﬁk ?peﬁaé’iﬁptolézé?g OIS%EAR
2324 is cenfreenedall of geviters agd SPERR2 1iBRoWerisgpplit iterfice ROR6 dseesli a8 16 Gontrol

el ectrica : f |t 1 reci ated that, power s 132 ma
be physi cglfpgglﬁg%%%}g%‘%e%?% g}r %uzglplyyfog? p?%‘é%‘B@%ﬁ“&ﬂMf@O’&mﬁ “ﬂﬁ#@@%ﬁé@%ﬁﬁy Y
subsyst ens2IBOUCRGWeith Sugnpdeyne i SDrimetide 2090 @I eThBY ih Moréer ROWREDIE Rpbrdiop
backup fa&)i t{bltxn sucth as % glgtter% c&r‘\}negti on. Power managenpent control
uni t 2133 PFg 209 FAgRItogng c ok, B poweicrinsaled el wepKmiqus kAl fiedes in3EmIoRRi ch
are pref espebitiynal onodes bede Wseend bus 2362 to a microprocessor 2364, a nenory

2366 and conmmunicatjgn circuitry 2368, which typically includes a nodem
The power managemertCIESHSHE MOV FAfe (O FIR 134, priitleinbl ympiifeadablovie diagrasont r ol

the oper aflisaed ofeh! n®f abd&: GOWR! &lSniy fiddt Glaf Pﬁxﬁs? b SHIP; 2136
as well as to control the ope(rbati on %p];y trLe So?/%rl?&gﬁpsp %JTSES Pl She
embodiment of Fig. 1IA. Hub 2100 (Fig. 11A) preferably comprises a conventional,

commercially available, LAN switck 2134 which functions as a data communication

switch/repeater and is coupled to combiner 2136 forming part of power supply subsystem
2130,

Combiner 2136 includes a coupler and filter unit 2137 which include couplers
320 and filters 322 as shown in Fig. 4A.

The coupler and filter unit 2137 is connected to a plurality of smart power
allocation and reporting circuits (SPEARs) 2324. Each SPEAR 2324 is connected to power
supply 2132 (Fig. 11A) for receiving electrical power therefrom, It is appreciated that power
supply 2132 may be physically located externally of the power supply and management
subsystem 2130. Power supply 2132 may be provided with a power failure backup facility,

such as a battery connection.

Power management & control unit 2133 (Fig. 11A), preferably includes
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Power managenment & control subsystem 2133 preferably communi cates with
managenent work station 2140 (Fig. 11A) in order to enabl e operator control
and nmonitoring of the power allocated to the various LAN nodes in various
operational nodes of the system Reference is now made to Fig. 13B, which

i's a sinpPEARednhbdlek2IHOAGH afMkrel PréfeiSb adonfdt@f via . Rub -and,,a, Q@?@ﬁroéﬁ%@l y and
managene 64S“b5 stemuseful in the enbodinent of Fig. IIB. Hub 2150 (Fig.
I1B) pre eraﬁﬂ%ko&rpf 0s30d CRMOBINAARDT BRAILY 28 niBicaitelita)ly anchiidealsl reodemAN

switch 2T8Aposr Glinfdintehi @SRS! 1Rit dat BisGRIBUPL CALLAM (oSWhEGREL S;Pe?zﬁfoﬁfofa“d IS
coupled to power supply interface 2186 form ng part of power supply

subsyst eth PTRocoupkiR fiitgs gpd yPEARE inf eoeebiner 8636 scweltestoaofitid] ter opemition 2187

whi ch ir}ggFg@&S[l{'JM,@q@_ 372 as shown in Fig. 4B_ The filter unit 2187 is
connected to a plurality of smart power allocation and reporting circuits
(SPEARS) 2374. EadhwwesPEARZRGZA &souwrinsebiyesnt D3P quwelkrab yp@mymiles ith g_

11B) for |, Vi ot r4Gal +~po therefro It is appreciated.that power
suppl y ZHi%n%g&hnégg r&%éﬁ‘lf)tgtgésﬁ ic% |(1§,1%| i(I)\f(a;'d{[a?t"elé) rée%?ttcéf’%h{el %Peﬁfortcﬁgtr‘g(ﬂgrmoé‘&%ﬁl and
manage m@fthespevey sieate? 1B0e vaRnwdrAM opdes jn 24kB2s opatathfaPh636s @€ theWiyitkma power
failure backup faﬁi #E]irtXé .such as, a batter connection. Power managenent &
control unit 2183 CEIGC 19 BYY Bt tor Kist )}3éné"fhﬂfélle§ a gpphified degkoiagra 2376

whi ch aiiltuspagderodbt yhu6OMIEG! GEwd SurplPUsd 234fhobRed Ty QBh OGRRTOL 12380, a
menory Z%Zd.and c?m‘mni cation circuitry 2384, "which typically includes a
modem  SFREBERE ! nfiad the fube2 Bdntlisl 14R) trrefemBlyi somprskee ratsbyvestionat i ve to
control chmerpaRALIAALRS LAY |sv9fcht@f84f I &n%H&SSQF%fR% 2N DRGSR Y
interface 2186 as well as to control the operation o e power suppl y
2182. PEWEEL/TeRfA e it cipledrie mowerunipply 208 Saqer Zifdérfabhiyig pamol powat epplyi t h
managemgisy Wbk 8f ation 2190 (Fig. 1113) in order to enable operator
control and nonitoring of the power allocated to the various LAN nodes in

vari ous oper at i ondwarsdedy ofterfave 236 trehadeReficsemntie? 187 wiivh illelet Giltkisgs. 14A

& 14B, wy .si.npld fied bl ock diagrans of two different node
confi gur at?src}rfllg&ﬁg?f:lﬁlié'n t he enbodi nents of Figs. 10A, 10B, 63 | | A and

11B. The ci rcui t rfhesféien uhin 288D is chAectddCloUdfbratity’ SfMmdrY pdWdrCaliobicRrafer ably
enbodi eldis i.n acirnqgse t % ich circuitry may alternatively be embodi ed
in a sePBPAT8FISE c@rﬁ)ﬁz‘i{ﬁi? %ﬁ&% Eggé@* ot s (eaRectrddie. povtes sBRiE, 21%Rat ever
its nat@ig,11BYfora¥iphLelddtticOpoRB0@srea9h2 s gﬂ%@ciz&t@d ﬁiagpower supply 2182
may be physically located externally of the power supply and management subsystem 2180.
Power supply 2182 may be provided with a power failure backup facility, such as a battery
connection.
Power management & control unit 2183 (Fig. 11B), preferably includes
SPEAR controllers 2376 which are preferably connected via a bus 2378 to a MICIoprocessor
2380, a memory 2382 and communication circuitry 2384, which typically includes a modem.
The power management & control unit 2183 is preferably operative to contro! the operation of
all of the filters and SPEARs in power supply interface 2186 as well as to control the
operation of the power supply 2182.
Power managefnent & control unit 2183 preferably communicates with
management work station 2190 (Fig. 11B) in order to enable operator control and monitoring
of the power allocated to the various LAN nodes in various operational modes of the system.
Reference is now made to Figs. 14A & 14B, which are simplified block

diagrams of two different node configurations useful in the embodiments of Figs. 10A, 10B,
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10A, 2062 - 2070 in Fig. 10B, 2112 - 2120 in Fig. 11A or 2162 - 2170 in
Fig. 11B, typically includes circuitry which is required for both full
functionality and reduced functionality operation, here ternmed "essenti al
circuitry” and deS| gnated by reference nuneral 2400, and circuitry which
|s not reéhAlaé%I t®r reduced functionali ty operation, here terned

"non-essential cir 1 gnat e ref erence nuneral 2402. For
exanple, if the nodg%c%%ﬁyg%gn gn 8 P'at & B?\:oﬂécu‘%h‘é(h‘égése?ﬁz{eéqb lyespibastid y

2400 i ncl Widededehpartseif mdu!t siscugnaiohi ﬂlgsr@atmrs ©rbet @nisReAkin ANEparltBAlr Q¥BELNe

t el ephone,  Whi; on-essential circuitry 2402 provides ancillary
functi onsaISS qu(a: Watts}?héigfl%%tl c redial, telephone directory and speaker phone

functional i ty The merrmuetwyata/w@s &QﬂreZ‘ﬂ&%beH:har! ot MRLER Y. ARG, O, the

node is | 5@%? By ferﬁnce nuneral 2404. Qhér circuitry, which %ra or
may not be 6 69[‘8 i OF; Al the2 1 Hou gl & Qﬁé\ﬂlﬁbe"”él&mrﬁlgleblB Azmmner
Suppl y 2486 udsuatuns, pawarissugelal Rl slioflind W9 E1ds dRiLReg! VoS
el ectri caI Qwer_ vi a comuni cati on cabling froma separator, I& 5§

separ at or°PBFEOL s tPRed ggserrial eircditrdmnd designeed @y,re&mnbe aSmeﬁnB@{m, @hd 558

shown i n gtk ; I lies.electrical power
separ at elcy t‘(:)rytz:ﬁiec}legggtnl'ig ra dcflﬁ}rjgeﬁl d%%ilaﬁﬁgﬁéiper\ﬂ‘%“ CEGFTIEH "paressERial he

non- efsseﬁtrzlail'ycﬁﬁcbdﬁStg}rlyteQbQZet;eﬁmé chné}dllﬁowyorlaéﬁz 1§¢%yeﬂ@@&mﬁeeg ag;pl dt Pe
ransfer r fro upply. ich is connecte o]
mai ns pgpweerl@dhgﬁé cn@s 9@6 ‘“é%‘ét%g)s‘% lggm%fﬁ% LT aabiinga wenia sieplepnd414
which is h@aymvclatheyele@cmenw&m thenmh- dﬂeﬁ:ﬁzﬂ%&@ﬁﬁ@'i@@ P56 AR GaA R %%r)é
out put - F{plﬂtro 2414 recei ves a control E from a sensor é‘ S

y 1l

Preferab con!tltrog’latlﬂe igh Tolenilong diregteny ad spea ﬁinqmmhtfr om power supply
2412. Sensor 2416 TmyciReinvMbe Rabesh wa. may,
for sense tcﬁe I\t/II(%/I tage | evel Mgd?isqgﬁp?eyc?%r} é)fgt?lgpoveve’l5 [bdéfaﬁedf by

suppl i ed ‘33?98%‘:‘“‘35%66% Q@%lecuﬁﬁﬁlwm@nmw pr erayahdterenatary@hied withinghe sense
a cont r ohodeivaiNl &bwiteai S a Si tted VI a the
conmuni caﬁl on cabl |engﬁfﬁlrbtcsf?ng%j Ié‘béfoﬁ @y rjr‘g%; ﬁtpoge WPlrycﬁ[wZ] {ﬂ]

the conbififer/BoBseivei ¢gectfi@h)pavver fvna)mmmm:baroncwbﬁug tFomn |anseb5'r§tcf?n§l&ﬁ' 5§ent of
Fig. | |&paradd v sense a control signal transmtted
thereto, such ggg gﬁgkgﬁgrg { ‘F&aor{rs?rﬁ\{?fiéﬁme?;?%s‘f SECORRIFHAT Al SAPE BT IBNEB-f r om
the pOWET WWMQ@GGWII@@H&uﬂbM Pzgg&eyiratelyﬂ% théeRONRI cx?dﬁpcﬂj 2’400%@ face
2086 (Fig, %h%ﬂ&ﬁ rﬁém mlar circuitry in the enbodi ment of" Fig. 1B.
The sensor R JFREUA STPEIRY @i“?%e$“’6ﬁh Béth rrtamealmmprvamddat a
out puts coﬁtrelepaﬁats&& oBO8:tfikdl GowéArofRk nERENSELQN put
that it receives from thel dgfg ouct) pa[tp of sgﬁlg 2455%1(%39S?Jrg%tﬁ%&%a;ns558
may be tpz%'ﬁ‘éd froman input to the essenti al

Switch 2410 receives a control input from a controller 2414 which is typically

2 conventional microcontroller providing a binary output. Controller 2414 receives a control
input from a sensor 2416. Preferably controller 2414 also receives a control input from power
suppiy 2412.

Sensor 2416 may be implemented in a number of possible ways. It may, for
example, sense the voltage level of the electrical power being supplied to power supply 2406,
Addittonally or alternatively, it may sense a control signal transmitted thereto, such as a signal
transmitted via the communication cabling from the power management & control unit 2038
via the combiner 2036 (Fig. 10A) or from similar circuitry in the embodiment of Fig. 11A.
Alternatively, it may sense a control signal transmitted thereto, such as a signal transmitted

via the communication cabling from the power management & control unit 2088 via the
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circuitry which may include control siffnal decoding functionality, but
preferably may be derived froman output of the essential circuitry which
provi des a decoded control signal. The functionality of controller 2414

may be SW;' ol | -VWen the. controller 2414 receives a control
i nput from poa@q%%%%r aymfﬁﬁg @ﬁd?@%}t PO aR argitastp Swehe embsdiameal bibize, | t
operates HWi tch 2410 such that power is supplied to both essenti al
circuitry 2400 anqhgon-esgg%i al circuitry 2402. \Wen mai ns power is not
avai | abl e vi a power "SUpply -2412'2Y Btie"SSRRGP pau githei pdbethttbs pohatang ufafa ci ent
power i s cayats dbbgarsbasoh@ic amenicelE@PSsEahL I-RY, | er 2414

oper at es ;(“ch 241Q such that power is sfjp%ﬁ?'e@gt%h%g‘gé%%é%éetéﬁcteivﬁf from

circuitry PG OT ATHIEY SR SPUneFipE 8T & myy BAGEped\Woenan Inpwers @ire, essaaiislS

power i s chafitravaiitinble MEBdP MR o S 12 and. nsor. 2416, ndi cates
that suffici éﬁt [;OWE‘If@iIS not g\@ﬁlﬁg%ﬁgle?ﬂeééh@r opggpglgﬁe&ﬁt}ggég\kjyt ThY 2410
such t haf®3edipat & pomerofite eseppil @duinytbhibl gbeigts plecodddtasntrd st essenti al

circuitry 2400. If Lt i _onal r,.b nd that required by essenti al

circuitry 2400 is g?ﬁ%qgsldglg @&fggrﬁ?”eﬁ%&b@” UPPITREet & foewaoMbesdent i al

ci rcui t r emRder 3414 rewivesla cadﬁﬁ.inﬁittﬁ@mnmwmh%ply bhe iomeLaki Al rﬁgukq Iwegh 2410
C I

solely or at al t he power

by the c : r., 2414 may. no e et erm ne ;

avai | abl feg,%é‘gétblle?& ﬁ%erlmgsof’%’lt{}‘ %‘iﬂ%c%lﬁﬁ AL PSSR & wprlisdge dbotth gsseasiab oircudg 6,
whol | y o?400and nai-ksseitidepeaneensdsy of the avail abl e power. Reference is now
made to Fig. 14B. ‘%Fe circuitry seen in Fig. 14B includes circuitry which
is preferably enbodEU™FR® ROWEUE, "9harailablst viesower sipply a4t 2yburesgnsor 2416

al t er natibdiedtys hat sarbiest &fvdr s & S8HR" onnect or . associ ated. w th that
node. A power suppl ¥%243%{iv such as p\gévvg{re és%t%nﬁ]?o e c(al;—‘?‘bg c‘?f&)m”gf 2% (Fig.

7B) recdRTRES ety €A sysdwier whwer dnupplieditd droth eabhtiaidnoi 2dodepar at or
such as r@g@ggegﬁgrdéggyszgwm in Fig. 7A or froma connector, such as
connector 558 shown ih Fig. 7B. The power supply 2436 supplies electrical
power via a switd¥hepaBewewrt meinsipoout iy o2 4daié vidhBow@d@ipp S 412hs 2438 may

al so reggi i r. froma power supply 2442 which is connected
to nai ns&lﬁgﬁé‘?ﬂ.66%\%{%‘%%'“5*2%%?‘8’6%?%% ‘%B%to?ﬁa#%hlea iCARALlEF pRefRlgs ewiely 2410er 2444

whi ch i suahythitcadenyate aoweﬁvem;_ﬁﬂli@ﬂahrh%iglﬁdéﬁPﬁér’it?!t& fle REAMAILiRG;R PoBAf

out p“t'a&@{?&{afbéﬁér b2'3444d receives a control 65 input froma sensor 2446 as
wel | as®a cont POV FHERd PRLIRINETH Dofsseiat FiFrauint 3490 dualse avallbies iomiappe

Ci rcui t suppHadi®, thavhose bssk@ial SiRduitALRI LY iPOVIRISM 1§y Power supply 2436 or power
supply 2442, sens&s& a need of the LAN node to shift to fu]]-functionality
from sl eep node FE3V6ITa thetaperafipn ghgvisenad Otbiitlse comerd]lerf 2i14 exagnglt @ by

Focei Ving 5 Conrel S R b a0t B PRy B B SRl sehsed”
Yy sensor 2416, wholly or partially independently of the available power.

Reference is now made to Fig. 14B. The circuitry seen in Fig. 14B includes
circuitry which is preferably embodied in a node, parts of which circuitry may alternatively be
embodied in a separator or connector associated with that node. A power supply 2436, such as
power supply 510 (Fig. 7A) or 560 (Fig. 7B) receives electrical power via communication
cabling from a separator, such as separator 508 shown in Fig. 7A or from a connector, such as
connector 558 shown in Fig. 7B. The power supply 2436 supplies electrical power via a
switch 24338 to the circuitry 2440 of the node. Switch 2438 may also receive electrical power
from a power supply 2442 which is connected to mains power.

Switch 2438 receives a control input from a controller 2444 which is typically

a conventional microcontroller providing a binary output. Controller 2444 receives a control
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Control l er 2444 may al so receive a control input from power supply 2442.
Sensor 2446 may be inplenented in a nunber of possible ways. It may, for
exanpl e, sense the voltage |evel of the electrical power being supplied to
power supply 2446. Additionally or alternatively, it may sense a control
si gnal tRBifsFPEt edsentasr @446, asuch as 2acwithahput tiransabilitogdgs Vii@uiilye2448.
comuni cgt ;e I . power nagenent. & control, uni.t 2038 via

t he conbi Eggﬁfgg%c%g%g%ﬂ%gk{&%r chr@%é{lﬁmrsglﬁ i oA PP Yy SUPHLY tHe° Srdodichrent  of
Fig_ | [ISAPPIY R¥t8r seatdsveehged dfttharRyANs entbetoashifort futll fusdigRdlty troansisid t:86e

t her em,ﬁﬁdﬂﬁﬂalﬁs si)gnal Er.ans%tft ed vila t he caonmuni cation, cabling from
the power NManagenent & CehtPoPEUhifer SHERISIbY TEHaVing vitstr WaPpINgICRRgerT ace
2086 ( Fiigtention@B)usethef i@l cs biirdcalvigd & ettittdi Ynds gt R BIBAHINIRRLHRE Fiige | ! B.
The funcctipn'lit% of C%Etroller 2444 may be summari zed as fol |l ows: Fi t he
absence S d! 857 1P0R THGVE REORBRA PRI TORY RATSF BePDiD#i4Ror i ng circuitry 2448

or hrom sensor  24fsort DcGRR Tl fimARA! Attt LEPoZAR0ER 1Ak, Gy cul try

2440 does not operate. Wen a suitable input 1s recelved romt he
moni t or FRRIPRIP-rSetsetths volas laye! afitherelseried poadiging supplieciab ipngeasupple 4B 6r

oper at i QudRbHASY GtV 0 er 2444 operates switch 2438 to
cause oper alt.inon)r of cf‘%‘é‘%‘ﬁ#?ﬁ/‘“‘l}"ﬂ%ﬁe %Ee[{ngllrolla%réa% Itrgns%&;:c{éargtot GG 2 SEBE The
ci rcui t Frynsguided vin th commBnicatioh wdiding feom chd povyer whinedeniest & @hebabliy2@gbodi ed

in a noge, A ich chreuitry may alternatively be enbodied in a
separ at gl?l tgegg%%%?rfe% @FF‘ ﬁh% °ﬁ§8§‘. S”Pﬁ@r HEHEY Wihe efbodimest ofdtigr ELAf or
exanpl eAiepaipfely)dtiemy 2618 a-coRf¥80sifzhl Fra@smittd®hercdd) Gach a2 énkiNr ik Mirred08,

2112 - %1%&21in Fiug. . 1A or 2162 - 2170 in Fig. 1 1B, t pically includes
ci rcui t Ty WhicCRMUETAREM C320S fiEAm BBt ROVEN maragamertofiatantryl amtl 208 uethe
functi op@bdrtsipplp RREFdODS6 LKL 168 HEfom SFSERMehBlinrGiif Gl dkdbu | gnat ed
by ref e{]]%nce nuner al 2500, I’(]a%d ]?i’rcucin?ry 1\/\/niccrﬁ'lufrg u?\%’%é %yqolﬁxﬁ%goggfé'reduced
functiohality operation, here ternmed "non-essential circuitry” and

desi gnated by refgLefq&;daMe ? anple, if the node rises an
IP tel ephone, the essent aff?co?rcgﬁlé&% ﬂzzﬁﬁd%%&n%?ﬁu ergarfﬁgtascﬁtgﬁ%wu7‘tc[8§£‘énabl i ng
a user AvEenspeAkndndicativede tiyvemimhefror tephamaoringhtiteitihB14sos- 266 ebhisoal

as automatic¢_ redial,

circui tq, ' iLlacy,functions,.

el ophoneoae consal-ARa- RSl Bt Pk SFrUmu Ry <OBeoRBeRts SWT 2500
and 25?13“% ofpuk ﬁs tqcpivedileitlyer}i’am\;wzbé nionRorgQd Cirdustry Qﬂflgg@ﬁ ﬁ@n@){enscﬁreﬁfﬁgé‘?nceh
nuner al. 2 . .Qther. circuitry,. iC or may not be incorporated within
t he né%‘ég%%lgla nr%&/f PgELRt P%‘@Eﬁ”“ﬁ( %%&gﬁ‘escﬁbtﬁcﬁ I S4f6oPesaiehsvesh PadR 0 suppl y
510 ( Ficguse®p}ration bfrchitiyp444B) receives el ectrical power via communication

cabling froma s?{p?r ator, such as separator 508
eierence 1s now made to Fig. 15. The circuitry seen in Fig. 15 includes

circuitry which is preferably embodied in a node, parts of which circuitry may alternatively be
embodied in a separator associated with that node.

The node, whatever its nature, for example any of nodes 2012 - 2020 in Fig.
10A, 2062 - 2070 in Fig. 10B, 2112 - 2120 in Fig. 11A or 2162 - 2170 in Fig. 11B, typically
includes circuitry which is required for both full functionality and reduced functionality
operation, here termed “essential cireuitry” and designated by reference numeral 2500, and
circuitry which is not required for reduced functionality operation, here termed "non-essential
circuitry” and designated by reference numeral 2502, For example, if the node comprises an
IP telephone, the essential circuitry 2500 includes that circuitry enabling a user to speak and
hear over the telephone, while the non-essential circuitry 2502 provides ancillary functions,

such as automatic redial, telephone directory and speakerphone functionality.
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shown in Fig. 7A or connector 558 shown in Fig. 7B. The power supply 2506
supplies electrical power separately via a swtch 2508 to the essenti al
circuitry 2500 and via a switch 2510 to the non-essential circuitry 2502. -
Swi t ches 2508 and 2510 may al so receive and control the transfer of

el ectrical power fmaptiaREMGO pky> 2518 ; Whi J . O 1Rl NS
power. Sw tches 2508 and 51(5) _(Sadggh re%gli%\g/éwgbg%m}?agf&ﬂﬁ%%%&ﬁ?g%%%d%y

cont r ol | eF°EBU M URERLH Gs Otigpiceadiiry whiglo mag it inayatot riednacomted | widhin the

provi di n@ode RUNAW bOMPW.q Control ler 2514 receives a control input froma
sensor 2516. Preferably controller 2514 al so receives a control input from
power supply 2512. ASwrisorurtl850fayuddesi mwee memtedld (Fig huynhessofFigorsi bl e
ways. It : se. the vol.tage |level of the electrical power
o my suspE s LasBiBPTy PO Kt P aRar G rar s Te P 08 | may
sense a 8w ol Fg gdabr tomason Si&dhdwretrefy, 78UCHhegfovar Sighpl 2506 rsapsimst t ed
via the g!gﬁgwi %ain on ¢ Ii.n% ftog\,)gw ﬁgwer managenent & control unit 2038
via the ¢onmbrndr 2038%CEg " TORYCOA 1T G FHFTE CEGWE) £140y2ndyvig geswitch
ermbodi meRfl0ofo Hegnonlestefitial AtcURINBST2Y Swiichist 29TBYarSENS® Aaf ANOT Rlceist GRA
transm ttegrﬁi&%ret% uch as a signal transmtted via the comunication
cabling 9" & elsEHHSY PRERE RN cPatensurali S 12088 hvs eonnketed pomeins suppl y
interfacgmwd86 (Fig. 10B) or fromsimlar circuitry in the enbodi ment of
Fig. 11B. The sensor 2516 nmay receive inputs fromeither or both the power
and data out put s VfitcBespEPatasd 2508 egdhi rgceivey controt dnpee fbor a 55tr¢lier §514B) .
The i npulgg i I o] ta_output.of separat.or 8 from
connect Orh%@?%ﬁ;%ﬁ&t@%g@gf nélrlg]r%r%ﬁgtlr%%ﬁtp rcfvtl)c}' aebmél?'s%"ﬁ?lfta{jo ?‘Frlge&izg H/ whi ch
may i ncligeRves@montb! igpugfram deowdi2l ge. fPuefetablgrahtrdilér 2bUt algy eEguadd yontddRy be
derived ; ut , o he essential circuitry which provides a decoded
control mé‘?g@r@ﬁ%ﬁﬁp&%j&g‘ circuitry 2540, which is continually powered by

power supply 250@emor PHMemnass o phyle@bdad i £ AEMBerdoMRREblefwdRen AN, Tade to
i from sl eeﬁ) node functionality. It sense

shift tq_full-functionali f ( ma

this ne%é?lg? S V@fﬂgﬁgﬁle"ééml?@”% LS beigg skpplic de Bat PRl gﬁ%enti on
to use tAdditioedBy oF alfebhaiREE iivih R0sedsCOMNF A i £it¥d £hGOTALLCat i ons
cabling. The f(]limct' onglli tilo_f@gsongf rol | er Sﬁ%yl%ﬁqg&&&mﬁhrﬁi%gﬁ as lgl | ows:

Wien t h&2RUBHEY 814 tas comppupicasion icabdingfram Hernsver meuagemennd sowep! wnippP3s 2512
i ndi cat iviigthk RembiRE & eRTRET 0 A il Sirl L §C 2pPg and
2510 such that power i g@ ‘s@ﬁppl ? glaﬁ?@ %Ig?%r célggl{éﬁﬁ Fgllgeagrgigﬁdzrﬁﬁtr&}e%gogp%nd
non- ess éntermgtively.r i may sgnsg 3o@ntrol signal transmitted thereto, such as a signal transmitted

via the communication cabling from the power management & control unit 2088 via the

power supply interface 2086 (Fig. 10B) or from similar circuitry in the embodiment of Fig,
11B.

The sensor 2516 may receive inputs from either or both the power and data
outputs of separator 508 (Fig. 7A) or connector 558 (Fig. 7B). The input that it receives from
the data output of separator 508 or from connector 558 may be tapped from an input to the
essential circuitry which may include controf signal decoding functionality, but preferably
may be derived from an output of the essential circuitry which provides a decoded control
signal.

Monitoring circuitry 2540, which is continually powered by power supply
2506 or power supply 2512, senses a need of the LAN node to shift to full-functionality from
sleep mode functionality. It may sense this need, for example, by receiving a user input

ndicating an intention to use the node or by receiving a control message via the
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When mai ns power is not avail able via power supply 2512, but sensor 2516

i ndicates that sufficient power is available via the conmunications
cabling, controller 2514 operates switches 2508 and 2510 such that power

i s suppli efmhfinRetidhs@ssgptial circuitry 2500 and non-essential circuitry
2502. When, however, mains power is not avail able via power supply 2512 and
sensor 2516 i ndi cat 6a¢ fuRgtonglipraf speine!iep Shet miag bpotmmwaiddablfeljoveomiiealther

oper ates gsuj r 2 ; Vel | Lied with highest
Tror 1 Ly Lo e conanty ol oo Trg 9206 PP Chaliaery Bl Chotiet "ol SR65t nat

required Byavesauatii eterasts aichesy2 PBOOIIZS I aksh tamaidwablsesupplicdnBybobeesssuppl i ed

to the nop; nt circuitry 2502 vyia switch 2510. Alternatively, the
operation of s “%dg%kgg%e%f}mf%gr%%ﬂr’g(%l'er 2514 may not be determ ned

solely or at all byWhérenpowgronay & hablveilahMitial RiRelsu s o5y by SoRbS 916

signals sensed by sensor 2516, whol|y or partially independently of the
avai | abl e‘“g‘ocﬁia?ﬁ 5 SRR g aﬁ%ﬂagt? Yif dic e pniedionn satlinat ecawﬁﬁr%ﬂﬂt he

MoNi t or i NepegateCeviichys 252840d 06 1d LN 8ANSVer 221L8n1iddNE LeANLLkLEL S
switch 2508 so that circuitry. 2500 dog}? r?{)t g%ler ate. Senlt% éﬁ:ﬁ{?@g tg@i nput

is recei v WonrgssAtigl CERYIIRASbni toring circuitry 2540 or from sensor 2516,
i ndicating a need f 0 .0 | Ltr t.he control.l 51
When m@&@&ér, Hlaﬂlfs I?dv&e(l\‘% tn]py agggigle Via pé)gv(%-sumﬂy ?éé% raagnce

operates switch 2508 to cause operation of circurtry
with a prieher28do evisetss et sulicienh popereis ent availalsing tantrollérepeposveswitct BEPS Y

2406 in t i f_Fig. ,14A . the, power .supp 2436 i n the enbodi nent
of Fig. s?ﬁ%ﬁ%%@%qﬁ@@ 83’/5? gssgﬁ%f“’é %]%Elgih%?tpﬁtgng’n‘%oth%/ﬁ%ﬁ’ﬁu%F“F‘F‘Eﬂ Z%Q,O.nlgy be
const r uctagditicoal fonet bejend euhasgzebbe eaBeiQYiralio) 2860 Bl £MRMTabld B SHeBe aN
arrangenen plietdge e _pover sagggldies,)5(g71r QVIge limted back-up power for use in
the case “OfF B pOWSFOFETTU%R COfVEhy- Ot HAFWEE #8t e ci rcunst ance. They may

al so enabl e i nt er mAlte@BfivedR habpePitiodf of SANNOERS LY FheSbhttdildr @354 WRE St bON! Y
very limted ﬁg&%@n&y be transmitted over the comuni cation cabling.

Ref er enc&efegm Y Or goalFpyythe pgwenpayailable.sbus retheresolehy b dorftiobwighals sensed

i 11 ustr atolyRensoP VR whE Bty ileRatR Lon and reduced power
modes of '?he net wor ks g?&%?gsy I_ (@)%, 16%{)61?&% i\&gﬁ%@ﬁ%?r'm seen in Fig. 16,
t he power managenehtthe abisaes of amfidicafod® theRiogtraly f¥k) the B88it¢riggcirduitSB) |,

2133 (71 a54d oh it sBleo 2238, fE Lhrchicl 0B OONGI SRS, SHPRI Y Of SREVEL B8, L0

| east sone LAN nodes via the conmminrcations
accor daneperaiet Whan 2 prieadhét ippuri in egbefvad ettherfadn the mbhithink $ild@&9Ishedr from

her ei nbe 1 reference to _Fig. |L.T The power. _panagenent & control unit
205 8 (rraon syh BLBRENE Betd o agplion S0 e QY 2R camtpling 20t opeges i g

| 1 B) noswitcr 250anscammnagesioh e cipaney 2smnsunpti on of those LAN nodes. It

senses overcurrent_ situations and effects power cutoffs as appropriate, The
power In accordance with a preferred embodiment of the present invention, the power

supply 2406 in the embodiment of Fig, 14A, the power supply 2436 in the embodiment of
Fig. 14B and the power supply 2506 in the embodiment of Fig. 15 may be constructed to
include rechargeable energy storage elements. In such an arrangement, these power supplies
provide hmited back-up power for use in the case of a power failure or any other suitable
circumstance. They may also enable intermittent operation of L,AN nodes in situations where
only very limited power may be transmitted over the communication cabling.

Reference is now made to Fig. 16, which is a generalized flowchart illustrating
power management in both normal operation and reduced power modes of the networks of
Figs. 10A, 10B, 11A and 11B. As seen in Fig. 16, the power management & control unit 2038
(Fig. 10A), 2088 (Fig. 10B), 2133 (Fig. 11A) or 2138 (Fig. 11B) governs the supply of power
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managenment & control unit 2038 (Fig. | OA), 2088 (Fig, 10B), 21331 (Fig. |
IA) or 2138 (Fig. | IB) may operate in either an involuntary power
managenent node or a voluntary power rmanagenent node.. Nornally the node
of operation is selected at the tine that the LANis configured, however,
it is p(%ssi blg forhgﬁge sel ection to take place thereafter. In an

i nvol untaFV 5P R RO BT BRISHEANA RS PRIERY Boardansaribenent &

control pustielerBRBS EHcAodi tyhahicRR dfc it UEliBLiBRlwiROME e RY @ H:abj ity for
power transm ssign over the conmunications cabling to the CAN nodes, it

supplies a r epluce@he BOTBRIA N8RRI conE RNty 2048 (Fig ol ) oT08E iBisL KR nbidés and
may al SQripr ov)As 0eBYEQ! 1 TBSSBERSs 94 mAbNel t}%;}%WeplcoAsDRBﬁ&] bOnbdg LN nodes
d power e. Ina "vo

to cause them'to operate in a reduce untary ‘power
nmanageméfiesnd denses ovpenratni shuatiopsl ek difposprweavatdfibis| dppyppiisie nEvdadved by

manage tain. ities-ofreduce I Vi Luch..as, ,ni.gh d
mekengg{%k?g%}nggﬁ%rc%gm dgﬁjgglf’g&@og?%c&f% 1@%2& 22%@&%?@%9%6%%56@@ unt ary
power mahRgererpermede dheopeimtiuany poraagemeahestahelend e sowitugpaede’ s
receive Level .of . power .at at.tine. This is a  non-dynamc, not
condi ti g\é@%g?ﬁgtnrg?@ee I\gﬁﬁ%\@ fpﬁrﬁ‘g\%n%f FRETFHGE ‘ﬂ%eiﬁfcfedvﬁttt# fime gt A LAY 1f he
descri ptinfigunsti] ledweler, itaysossible faNRbACEIRIBOMH iR lakfthdedtet Unt ary power

managenent node g[f operation, the managenent deter-mines a |evel of
avai | abl e power dP 30 JRYASHIRTY ROV dMeREEmgRc modRath eperafon, tifdhpmesent

i nvent i @BnadE@adtSe tRBIHBNA0STBAL 5 GRNERH &F iRAWRSed: 37\6b er Q&il&%gﬁgiplo%} e

power - The operation of the present invention may be sim that for
i nvol unfHPsHeRe?Ver it apamepicatignswebbng te ke LAMNeshddsds apdligses pohises may
di ffer. Reheseiier s e Flg... .17, ich illustrates a preferred
met hodol 0gy f'or gupaﬁlrl]%\e{o eloeft([: er%%lglnoé%\ﬁa/él\cr,i\hn}ag alse ok etcoé’gﬂlemﬁgagteﬁgr LAN
nodes idhacenraarees withdLANaodgrte seust thany endpecire infackduaad pgweérhddealn Zat i on

of hub ' A, 2060 (Fi 10B) or wer supply and nagenent
subsystvgn(rﬂnﬁ]gafggb?ﬁ ré.gna?ng%t,m?%ﬁ%(Pﬁag?)"lre‘i@g‘?f)ﬂ‘é’erﬁ’ﬁﬁ%ﬂhéﬁ P’G@te%c li ng
connectmangdmem adeataid amahiof eduted sctivity eAdRds ity AiSWedke ROVRT 0d¥efo t he
comuni ¢cations cabling, is interrogated. 69 Initialization of hub 2010
(Fig. TORNS™H60%¢Fi g. 10B) or subsystem 2130 (Fig. 11A), 2180 (Fig. | IB)

prefer-ably incl gese avbodmichCal hWwohediaat et %%na%!n%?%d@so Jebon eNsur e
pr oper OJ)eratl on of the elements of the hub 2010 (Fig. 10A), 2060 (Fl a.

| 0B) orMNagRISRE Ceisimingowhichglodes reagive xhaskvelrpigpover|al yhag smeudhisasicon wi t h
managemiidyimik, 8dieddn@fion 2049nditd Imbd@Akn: 2000 At Batr 1B in 4340 FHeg- | |
A) or 2190 (Fig. | 1B) if present to deter-m ne

description which follows. '

In another embodiment of a voluntary power management mode of operation,

.. the management determines a level of available power at a given time and the functionality of

the present invention treats the management-mandated power level as the available power.

The operation of the present invention may be similar to that for involuntary power
management, however, the thresholds and responses may differ.

Reference is now made to Fig. 17, which illustrates a preferred methodology
for supply of electrical power to at least some of the LAN nodes in accordance with the
present invention.

Following initialization of hub 2010 (Fig. 10A), 2060 (Fig. 10B) or power
supply and management subsystem 2130 (Fig. 11A), 2180 (Fig. 11B) the communications
cabling connection to nodes, to which it is intended to transmit power over the

communications cabling, is interrogated.
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desired operational paraneters of the hub or subsystem for each node and
setting up an internal data base including desired operational paraneters
for each node. During normal operation of the system the various
operational paraneters for each node may be nodified by an operator

enpl oyi ng the managﬁnﬁmanwskh@tmmqpmzw&) ebE@rid Odk) o280 st 91301@@
2140 (Fi 11B). The interrogation is describ

F
her ei nbellg@v) i1 8? g"é% el1 1%}3'@%%?‘3%’tIHCIPé‘TSe?LéH@é“CtaB}’ Friygsed tPSAPFQ?Rﬂl”%B”hW t he

node bei Rgsurbeiedadi8lod Sr dRt QEALRNS LR faay@or?@wo QUE! -dobW (k%P8 0B) or
characteristics and is classified in the internal” data base as a node t

whi ch it S‘F%‘Wﬁ?eﬁé@@*@o”ﬁ} éﬁ%@rﬁigpbb@rccmv@trm«tahen@othmmagamrmrv@rbaﬂatwmg,
t he SPEA e a ts he i ntern .dat a
I520 bﬁ? SZO@E) 'EO §Fﬁ1@ﬁ~n g) OFQmOh(gw I?}tj 1tf nt Shll errm%ff i ng.

base and “i's rans viat Tions
VWher e apéfi:sarp@ |O@ﬁl@tiorm1||naad::h@erswgrtad: ihay me%eggesn aasreezmentodé Qneﬁ hettihgrapt &1 node

and the t at,u t he nnected.to, the node_is report dtothe
managemer{]? & 2t E’aasﬁ (] }”5 (Fc LT‘?%FOP‘EW G5l RyaprEtes iy b §°iith§?i"

sequent i a;bdrgmchmf tieaghtetd, ﬂﬁv@fmﬁﬁlﬁ)ehdﬂ@na 2EADnevérs wtb%&'fﬁﬁ(ﬂimn?a%! b3 Iﬂocﬁ)ﬁed@ whi ch
it is intended to- transn?] wer over the conmmunications cabli (53(3) g%:
Ref er enc# PRETHBLSTRIOENE Wg‘?ge%‘;& e SEHen 204 dhgt 9det 98P (BigelCB) RHifchar t
i1l ustraFigg1a),meb ericedimnbodi nent of the interrogation and initial power
supply functionality ~which appears in Fig- 17. As seen in Figs, 18A & |

8B, initially the Nl ipkgesstionisdssoribad heretnbelowuinpareaterf detailheitSREARIE® (Fi g.
3A), 274F1§f'19Aa%§)18B324 (Fig- 4A) or 374 (Fig 4B) corresponding to a line
to which I't is intended to transmt power over the communications cabling.

If the absolute JAtheenode bdieg invérragediis der;@ﬂne:redttba&fava ppweld@xteﬂm}neﬁbe
progra S t.he ssified  as hayv t.age
present éi(‘r?tg%)lgr}g rag% aﬁi‘r’l%‘c’;iff&éirIHzﬂ1 %W%edml ?f"sg GE A 9dE 2 %lﬁh\/\g‘rs ‘f“§n %d

suppl i ectrazlb:ettepDWeW tﬁdl@nﬁmrﬁ‘ﬂmbﬁ:at:abmg 6@ BPEAY. pakimdt&is arhsobadéLon Bleue Of

t he vol ta t frgrg Ehan e predeterm ned programmabl e threshold
V1, the °§ r‘%tﬁ Hp aSEGH BOwgH s f%“%‘“ﬁ?‘%’él’éb‘*eﬁ‘?ﬁeri’éﬂthe GPBBHARAMIISe

val ue | Ldabh@PEzAFér@mpﬂrabné}é)&uﬁdﬂleg51§§A1xdgsfné§é£gb§qr@énr ?&h!%&@%@@&@ﬁl@ the

current at the output of the are nmeasured, typically at three
pr edet e s Hi5rcannemedde therode 75 reparpeddn gheTmanagemens work SEoRdMOT3 ar e

typically deter megRyqif gﬂoetsa&@m@me %L@E@%Qn%&a& '11998@&1@2@9 of

typ| cal NIC transforners an he maxum roundtrip resi stance
maxi mum-2al9 eneubsysseny 23 @fto edinininisciatdndersto transmit power over the communications

cabling.

Reference is now made to Figs. 18A and 18B, which together are a flowchart
illustrating a preferred embodiment of the interrogation and initial power supply functionality
which appears in Fig. 17.

As seen in Figs. 18A & 18B, initially the voltage is measured at the output of
the SPEAR 224 (Fig. 5A), 274 (Fig. 3B), 324 (Fig. 4A) or 374 (Fig 4B) corresponding to a
line to which it is intended to transmit power over the communications cabling. If the absolute
value of the voltage is higher than a predetermined programmable threshold V1, the line is
classified as having a voliage present thereon from an external source. In such a case power is
not supplied thereto over the communications cabling.

If the absolute value of the voltage is not higher than the predetermined
programmable threshold V1, the SPEAR current limit IO is set to a predetermined
programmable value IL1. SPEAR switch 408 (Fig. 5) is turned ON.
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cabling between the hub or subsystem and a node. Typically, TI, T2 and T3
are equal to 1, 2 and 10 tinmes the above tine constant. Typical values for
TI, T2 and T3 are 4 nsec, 8 nsec and 40 cosec, respectively, Based on these
measurenents the status of -the node and the line to which it is connected
are determned. A t%/pi cal set of determnations is set forth hereinbel ow
NO LOAD WHEN Vout Lhe/eolmmpamie ABSOL BiTEe YApUEc T IREAR 2re m@E@ReALLIPidEly T2,

T3 SHORT aGhCok HoAEMN - Y Obtfor uch ENRTHE ABROLITIR MALLELOE, 105 Fre ofifeal TR ALL

Ti, T2, T3 NLC LOAD WHEN Vout T3 < V4 AND TH
| OTI <I OTSLEmedin 2 HLDADOWHEN AVsamnimeEs ¥ ANDdMoetcd 255 cANDIO/oatsk8mes anAND THE

ABSO_UTEthy%%nQ% },g};h?l 5D - B E.VALUE, OF, | OT2>I OR THE. ABSOLUTE
UALUE Gt orare Hh D e O oo T PR AR REBEIRE ot
connect eekbling bétevebn the.hul oBHICRTstGh REUR Tiodoridipidaly) TISTDA TH avddqell ta ishor t

circuit i St 0SS _positiv and negative conductors of the line
upst reamﬁgfl%ttﬁge%ﬁfé%%ogrg%fnﬁ Ctoﬁszarﬁode. A NIC LOAD condition is one in which a

Net wor k | nterface Gpidd! lahes tfoansf oravend i 53 £OMesteds agsessnd he hide at
the node. A P LOAD condition is one in which a Power Over LAN separator

i s conneGUEEYEEr oss the line at the node. VOis the voltage at the output
of the power supplBaséli &t the@Uh&fsufeRlents M dthil€ of ¥L nb: dQﬁ@ﬁ&; romned ;
g

programubl e val ue which is arrived at by measuring the est peaﬁ< val ue
of volt acé’énﬁ\?&t.‘iltar? eteraniprs: Pdupist! sat Fdnteminatiens inkseforth dweinbelown ot

transmtted aj@pgAdhe kimen k. aémeﬁ%grﬁg’ al ue which
is arrived at by neasuring t‘?}%”?‘l owest "va uﬁgﬁ%@%mg %I or a period
of a few m nutes when pOReALLJ1In®L, Wransnmitted along the |ine and when no

cuppl y i St EBeTor CRarorhe Trey Yoa 7 Y3 dhBatn oS BAE PPt e Ve e
which is arrived at by neaslit FO8 AllieT1, T2, T3
NICLOAD WHEN VoutT3 < V4 AND
THE ABSOLUTE VALUE OF IOTI<IOT2<IOT3
POLLOAD WHEN VoutT1>V5 AND VoutT2>V5 AND VoutT3>V5
AND THE ABSOLUTE VALUE OF IOT1>I5 OR
THE ABSOLUTE VALUE OF I0T2>15 OR
THE ABSOLUTE VALUE OF 10T3>15.
where
A NO LOAD condition is one in which a node is not connected to the line.
A SHORT CIRCUIT condition is one in which a short circuit exists across positive
and negative conductors of the line upstream of the node or in the node.
A NIC LOAD condition is one in which a Network Interface Card line transformer is
connected across the line at the node.
A POL LOAD condition is one in which a Power Over LAN separator is connected
across the [ine at the node.
V0 is the voltage at the output of the power supply distributor for the line.
V1 is a predetermined programmable value which is arrived at by measuring the
highest peak value of voltage Vout for a period of a few minutes when power is not

transmitted along the line;

V2 is a predetermined programmable value which is arrived at by measuring the
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hi ghest peak val ue of voltage Vout for a period of a few m nutes when power
is not transmtted along the Iine and when a resistance is connected
bet ween Vout and -Vout at the output of said power supply distributor for
the line; V4 is a predeterm ned programuabl e value which is preferably
arrived awisst valeastiveinge tihet firghgsiod peakfevahingfwitq! JoAQe iVt @b ifg

period of m nutes whe awer is ot transmtted along the 1 ne and
when a r it B8 SeR08 Shendd todi hEeedint BUGE" AGULapBuY oeitat thheuipuitgstdof

sai d poweroveunppipyy dissthi:tdddsQhe fier the fine;, V5 is a predeterm ned

pr ogr ammabl e \@%Nge, whi ch represents a typical threshold value of Vin at
whi ch a node powdt 2SRIGHI s InEATERTEplEr @t hichoatamivadsatVoutmersazgr éd at a

first tireghBt peOULIRS drSvodQsl VIBASHT £GeAls arSe L 2h o Yout.T3 i's
Vout measured at a third ti n%gTB; 1O get e czir r?egﬁ&i%lftg%mw-r%haffovf%ewo@f put

of the pdWBIMEEHBIaRedheskne andiveen k sesistanee isi vanectddIbetvaset e opr edtet\a@rurhnad
progr ameit s Magagpp(g;}ertsﬂﬁ)[gHﬁs@l{%mp&)rt“{}qin%ower supply distributor for the

line; 12 is a_predetermmned progranmmabl e Vval ue which is arrived at by
measuri ng t he V4méiisnpmdpeakinedpegrofmebie eirer evichl® besferablpehir®ed of By f ew
m nut es is-not  transmtted along the |ine and when no load is
connect e\é}ﬁg%hr{h%\gﬁ%{lﬁg%ﬁf Pee Vtaﬁilé OEB?AEEG g[ﬁbtpfg{]g PericskGfialei grnytes wheiepoweids 13
is a predettensinited psRghaiiEddahea b Ui sdHcs iy dofinddd BABGkeat RYt q&ﬁ%&@& the
m ni num i’iu%l lillf ffth current %,0 for a period of a few m nutes en power is
not tranSmTEEG ORGEIEPRYY AiEtRKgr igréhe liner esi st ance i's connected bet ween

+Vout and - Vous ig4 piclierefnh@brofhmmabliedaReWGhicH Ph&gésél tgii?pﬁéali)%rgsr ora‘[)\; e
fine; 15 ?.a redet er m ned programmabl e val ue "Ch i S Fartived a atI)y
measur i nﬁ} Rt | hRffcPewRr seapllicommendss oparatiant 10 for a period of a few

m nut es when pewet id §oQheasttARNSM .ong the line and when no load is
connected at the OllJt 8t oei‘astrhe podlget&&geu%iﬁly distributor for the line; 10Tl

i s 10 measur efodi2iy WeutTndasyred #t@FRcang tiF® Peeasured at time T2; and 72 | OT3

is 10 neasur eg : J T3. . Reference.is..now nade to pigs. 19A - 19D, 20A -
20D, 21 A - 21%‘?%%”3“?%6?”’%%&?@%5% 24A - 24D, which illustrate

various functlOonghd direat favingmthd QUtpu Of i GowdBARGl Wkt NS fof HRIMHEPL i on in
accordance wijh a plrefe red. epbodi nent _of the present
15 the predetermined programmable vajue o the output of the power supply

distributor for the line;

I2 is a predetermined programmable value which is arrived at by measuring the
maximum peak value of the current IO for a period of a few minutes when power is not
transmitted along the line and when no load is connected at the output of the power supply
distributor for the line;

I3 is a predetermined programmable value which is arrived at by measuring the
minimum value of the current IO for a period of a few minutes when power is not transmitted
along the line and when a resistance is connected between +Vout and -Vout at the output of
said power supply distributor for the line:

I5 is a predetermined programmable value which is arrived at by measuring the
maximum peak value of the current IO for a period of a few minutes when power is not

transmitted along the line and when no load is connected at the output of the power supply
distributor for the line;

IOT1 is IO measured at time T1;
1072 is IO measured at time T2; and
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invention. Most or all of the functionalities described hereinbel ow enpl oy
a basic nonitoring and managi ng techni que which is now described: In
accordance with a preferred enbodi nent of the present invention, the
functionality for nonitoring and managi ng power consunption during nor mnal
operation i nk}IniesOseasi-aatcid eNt on all lines. This is preferably
carried out in a erally cyclic nmanner. The sensed current is conpared

with programmbly pregetedt ’h@?"h&i‘d? Erlapendd -VaPuddt - 2P, Bach D, ReA - 22D,

Al t er natiivel-y210m addidd onalf y\i«hi\f@'iﬂ@&@f@t&”@éﬁ@@? fﬁﬁ'dﬂ%ﬁ;ﬂm%@q” Pmnﬁéﬁ ax% this
purpose. On the basis of thi's conparison, each e 1s classitied as bei ng

over - curfEREINS PRTERErCOBSHTIEIRT 18 racpeyEavgk | wilhe mvierred @mfoeqhtnecﬂ af sief presni on may
have prqgfapBRNYs:adLyS %Qlfﬁnctltofx'ilf?ﬂ%p%sg ba,dsﬁé?gnbaéo R oy V&asi& lflr{orneionﬂg and

regul ar over-current. e normal classi |cat|o
sub-cl a%ﬁﬁ@é&lﬁﬁﬁﬁhﬂlgm‘rﬂhla@sm degcritmde, sl eep rmde and | ow power node.

The systemis operat troI ratio f.nodes classified as
bei ng’ over- currerlli'?l aké/&?%ﬁ‘ge re}mﬁ%n&nz’mlrﬁeﬂpﬂ%éh%LPrr?Sé’ilft IYentiony, ik

exceeds fenatiegalitar foovemitetng emd mzinhgi6§ hatsr fohsuaiptibganitingd Wredebpsidhed
tinme, pPoyer Lo that node is after the predetermned tine. |In any

of
event, curtent suppfredt s %{FHB?fe Ifh? Rorref5ebi rarEed o8t &% @ exsaeralie cydicgh

over - cutmaenér. The eshal ebrrehnis 2WBENLEAREGH M’bér@m&a@l@%ﬁ@&e’ﬁ%uﬁ:ﬁ@%}m%l the
present _ | nvggtl Ogg},eva“ ous intermnmedi ate threshol ds may be defi ned et ween

the regliTaf?® matvely phedditienallyaneliagn andyi hshsansesr anstiemplayed Faretbisol d and
the af opesaidl o eflebarmNad bdfaritn Clbn Ablie i{ Sudshar o 'B?Q% Pefalaeti on of

whi ch of such internmediate thresholds is excee em’i s opérative
to cont PlercHEeH B marman Tt O‘rﬁ@de@emlcassf i¢dtied ney Haee rpgagrmmdewly@djumbite in the

f || e 1 l th d f ll
0| Lov ngespachs AP B, LElALiulyaN0ct prsisienm g Lig Totlovi ng.

detection of an under curren
avoi d uh%i’ésillb@liwmﬁ%lp@mwhtae aﬂmesmdesﬂmplryodaf arglUbwesdtvet Mog¢iCh node is

termnated. In p |lel to the.functionality describe rei_.naboyve, the
overal | current ?T G T SI’[erc’)1 '3 1OPCIBF VS f?ecoﬁ‘bfaggleﬁsrﬁ“% 23 B‘P‘gletS Wgasflf ﬁ‘z paing
noni t or edr-cltreg 1mﬂm fobdewing nimayert HkeBe Phdhe al NnddeCOREddR ol @2 RRP Bl Ok

al terna y based on an extrapol ati on of i-nformation received in
the Ii nz“eﬁgc’]ﬁ %’H S‘("'o"r |pﬁ‘§jieEfé‘§’€F‘§tf%e hRGYET n'QbBiRk . not dis s@iseff adigerthe |

cur r ent predet@raiinal @fle. Wh tahy 8vddi OGN ?bh{ed%eadz%a%rl% nn'it?efd% GRE& IR U‘; 3

the basj.s, of this conparison, the entire power suppl d managenent
subsyst &t PYEOCUFA CHeshaldads aseprdence ewith hepr@fe@‘ear@nh@ge@dﬁeqrf teagrsient ed as

bei ng axesmicH! VRS 1r95rm@@55ﬂ@thﬁs@§& BXF 'Ee (&gﬁrge%q}et\%e%%ﬁé éc%ﬁipo%?r- ap ave

progranmabl y adj ustabl e thres regul ar
over - cUpfeatd amh thedyalt evm- cm&npéwabq)ldand mMmtesam p:tehﬁempeecahmem o&t-di‘ﬂ bs or

POVET  SURREMMiAREas a function of which of such intermediate thresholds is exceeded.
| The system is operative to control the operation of nodes classified as being
under-current in the following manner: Within a relatively short predetermined time following
detection of an under-current node, which predetermined time is selected to avoid undesired
response to noise, supply of current to such node is terminated.
In paraliel to the functionality described hereinabove, the overall current flow
to all of the nodes over all of the lines is monitored. This monitoring may take place in a
centralized manner or alternatively may be based on an extrapolation of information received
in the line-by-line monitoring described hereinabove.
The sensed overall current is compared with a programmably predetermined

reference value. On the basis of this comparison, the entire power supply and management

73




managenent subsystens classified as being over-current in the follow ng
manner: |If the overall current exceeds a regular overall over-current
threshold for at |east a predetermined tinme, power to at |east sonme nodes
is either reduced or cut off after the predetermined tinme. In any event,

t he over |S..not permtted,.to exceed the hjgh overall
over - cur rﬂglrs] S%Hé %f?gﬁsﬁﬂ&s e npds Sé:((:’gjcl)erC¥ girfg%ret\ﬁi atrﬁm&e’ﬁre‘é?léﬁs‘rfga 23 REBHPYRSFTER t he
present ¢muemntal.ofije verricatsnt ¢udsHtcane atze e gsbahemabBY:hedef inad.hst ween
t he regu,:,!uzgh[1 o}\{%gal | over-cu renlt t hreshold and the high overall

r

over - curt 6nt- t i ESHOTH SHn 7% 118'4F OFESHT e predet ermined time to cut-off is

deternined as a furetsy@Bmal opbtb@i ©f contsnk REELIBAL LR s LRLES ,%zgglyia%d
exceeded. Additional Ié% n parallel to the functionality descri
her ei nadBYE2eRHE Khsiskems ¢iassiisdrast byips toger@psnt irithen&ilowmgt mauwus [fyther

i nterm tdvemlll darrehNBcCsls LRLuLEYGaIf lo@ﬁéuﬁeﬁ?%ﬁ‘é%ﬂ?lgffor &gy Q)%tg%ireﬁagﬁg:in%fd the

entire hub or power supply~and managenment subsystemto an e

moni t or iHefF: HP¥EEMat Eatt shae npdes pacitier eddutad artvet bt toa pteilétyrndesicimb ad
her ei nahQy€svelNGLS %S ' operative-1o notify nodes of the inpending
change inyt he éurrén%ﬁgudﬁgﬁerf E)S héér}e %’%néz%df & eeﬁ%e}édi 'g‘eﬁB%&‘ r‘?ﬁ‘éf@ﬁtod'e Fysent 194,
19B, 19@vasield 9D, asshidaiceaweh gerederadd 2@bodinesc BARKES pRa&H ihtentist, I ddricng one

possi bl nismfar ful r.nqg . functionality operation in an

Povol untiPoeeatle H3shilis e e Qe betveeh e Eolt e Grarentireskalg and o A
i 11 ust r dliechigh dvasillCoviepelidng Unrestm®l dhd iRy afopdshidOpredQertRat A0 @) ichioff is
operatiqgn in |é1volf%nt ary power managenent in accordance wth a preferred

enbodi mERETBPe tifeluprEsfiviighl e bmtermedigiedhresholdsiigexceaiad. t he system
initially determ agsibhgti ' it || .as the total
power that it is curPer_lt Iy;}ﬁ)?g_llgg?&}éﬁge.@%a 113% ogesér?be?hhee%r}age‘é it%en?ﬁggl
bet weeniSt FRETHIYE e Atpoftatithtr poercusynsumErmiven(yl RE) ctroernt hevelcelsssgRbutisrobal

pover  av@idqalishd T | mned. |f TPC/TPA is |ess tha
typically 0.8, a%l ﬁhl(eoeﬁa{ © Hr%%d‘ser g’reg%ltéﬁ% ?0281 apiﬁeple%f,y]éfysteghéq f)’i/%‘ﬁ‘é’agn a
pri ori t ngadorngsivstem| f TPC/ TPA is greater than typically 0.95, power to

i ndi vi dual nodes is..di sconnected, one- hy-one on . ioritized basis. If
TPC/ TPA i s equal ljtuéthg? mgPaerﬁﬁegrmﬁH%%”}C?é?a@Qf Idﬁscﬁ‘g%‘%ﬁﬂemf“@?& theafystsim &qual to
t ypi cal dperfivedo netify nodpsiof Yhel ifap it a&ng@in\m&&mﬁrm ﬁqﬂﬂ%ﬂ’lh&@@.e requires power.

If so, and a nod fhavi n? a lower priority is currently receiving power,
the | ower priori f%e?fgr&cg 55 NGVs BEBAR Ot @S 7490 IBpol@S aasdl Hhewhichhere

prioritaensffieed SoweHARE btk QrRRYRe poishle %%@hirlién’{'%‘érr AheE R LEGHRLGNe

useful for full or no functionalTty operation w energency overrrde in
i nvol un?PEF3/IOB et inMllalgBrRaTer Prnageosntyerie thi flowehaprafFeg. 1éd  enmbodi ment  of

the present invenid ofps Thg:LESNDIIYE t%éhnﬁug' usetl B2HBCSS dfu;lCQiOthﬁty
operation In involuntary power management in accordance with a preferred embodiment of
the present invention. As seen in Fig. 19A, the system initially determines the total power
available to it as well as the total power that it is currently supplying to all nodes. The
relationship between the current total power consumption (TPC) to the current total power
availability (TPA) is then determined.

If TPC/TPA 1s less than typically 0.8, additional nodes are supplied full power
one-by-one on a prioritized basis. If TPC/TPA is greater than typically 0.95, power to
individual nodes is disconnected one-by-one on 2 prioritized basis.

If TPC/TPA is equal to or greater than typically 0.8 but less than or equal to
typically 0.95, an inquiry is made as to whether a new node requires power. If so, and a node

having a lower priority is currently receiving power, the lower priority node is disconnected
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environment of the functionality of Fig. 19A. As seen in Fig. 19B, the
system senses an energency need for power at a given node. In such a case,
the given node is assigned the highest priority and the functionality of
Fig. 19A is applied. Once the emergency S|tuat|on no | onger exists, the
priorityg i o ual priority and t he
functlona?%ﬁ§u§¥gﬁjﬁgnlS%IEmnﬁa%%é%ggﬁg?g p:%)Wlé'lsélg. 19C illustrates a

t echni que useful fiog. TﬁBﬁlummn&OaﬁumOMh@maﬁhtﬁwdpéKmnbohnmhawhmgwmmﬁon
queue- cop ed priori i.n |nvo unt ary power mana nt accordance
PPt s A RS S A RAR e E e S ol N 0
t he systembmmnanaﬁ1ym ﬁe&mfnkﬁﬁsoﬁh@h&@&ﬁhmp@w&TF@anBahheb&ommiiashMell-as

the total power &E is current] supplying to all nodes. The
rel at i onSHIpVBEt &ﬁf¥ﬂém6ﬂ¥¥% 18¢ power consunption (TPC) to the
current total poweys s@é’rﬂin'@@'let e (sJdréwh sé[ﬁestzb%e@@n@f ARdage: pdv&erlﬂpﬁﬂ;&ﬁ i's
| ess t han tgﬁlcally 0.8, additional nodes are supplied full power

one- by- oM¥€olt Helyases. é@r&l‘fe@uwéu is ppieapq the Adgheparriosity esdihe aﬁpwowt}a()f irst

come, fi F:gt 13E\iBHlie P RR:S the! é(me-lrge%;r EfbiatiSin QB GRder efiltaNnt ¥R %5 chtheO iVeh povver

to individual nodes is-disconnected one-by-ore on a pr |zed asi s.
TPC/ TPA faste gqgiainet ¢o o5 ugrletoeity m‘miathe tuptiaalityofFis 1Bat0pb1@ses acdmadmgiv equal t 0

typically 0.95, an.] her, ne de . re power .
If so, that node ?I ’]@gd] éStiEées }Bnaﬁtfe use%f{f%%gﬂlqﬂreﬂ%%rf—cgonah%%&rﬁ?ust rates
a t echnilgumgupefeitortofled phibrigr mnmwﬁlumaty powadri inynagp@est inodecorlana® with a

time- sharl oritized basis in involuyntar r genent

accor dadtg® &H Emh J‘ﬁ?’étf‘é e PrERo VRIS ﬁg "B? elr?gainkl’ﬁ/@f'?ﬁ“bﬁnm?&? seen
in Fig. def¥oninkdeneSiosdl gibviehiabaiRbleyto Hedsew el ReShd BRalt fivddr RAVRTIS %matﬁt@bl eto
it as well as the total_power that it is currently supplying to all nodes.

The r el aFPRINEAID2hBedRE e ANe IstieRRRePRIWES tHE CHEHE toRlSFREeISAPHIPEPC) o t he

cur rent b gletbrBRAREI R bARLKTHNTEAP A hdisudkdhelet er i ned. 11 TPG/TPA i's
| ess than typical ional "nodes are supplied full power

one-by-one on a t If)rﬁ?céﬁﬁﬂllﬂgss the1 opicelly @4, #iddiogal nodes egiskyplisa fidll passrs t hat
the nOd%nQ@Jy 1R9 oh rhequéu.P rlgﬁgc;llsg,uﬁﬁé%Ed %Esxyﬁﬁ%xkzﬁlycbﬂ L édrﬁes Uirs dLI {erJ3C TPA

is greater than typica vidual modes 1's sconnect ed
one- by- dasis. dﬁTBC&HAom grefzerdh:bagps:ally 0.97 PRyidRAc iisdieidualinotles brdigroeeectsd t han

typically, Q. ¢ ess th n.or equal to 75 typically 0.95 an inquiry is
made as(%gg%ﬁ ﬁ&apnonn ﬁoﬁ% requires power. |If so, and a node having a
lower priority, il THETBLRSequkhaor gre;her&hhegnplcwy:eisvlmgesp@mlrorf@;malaol onger

time, which above a predetermped mnimumtine, is C ren rece|V|ng
pover -, ‘3{%‘?1?{83?8 APEYFY a6 a0 Wgetg‘i"éd‘ﬁ‘r‘m@ t BT RAYO é‘?& PHEShi gher

priorit \dfade thedotOAREale@Eeded pover .

Fig. 19D illustrates a technique useful for full or no functionality operation on
a time-sharing, prioritized basis in involuntary power management in accordance with a
preferred embodiment of the present invention. As seen in Fig. 19D, the system initially
determines the total power available to it as well as the total power that it is currently
supplying to all nodes. The relationship between the current total power consumption (TPC)
to the current total power availability (TPA) is then determined.

If TPC/TPA 1s less than typically 0.8, additional nodes are supplied full power
one-by-one on a time-sharing, prioritized basis, typically on a basis that the node having the
longest duration of use is cut off first. If TPC/TPA is greater than typically 0.95, power to
individual nodes is disconnected one-by-one on a prioritized basis.

If TPC/TPA is equal to or greater than typically 0.8 but less than or equal to

75




It is appreciated that normally it is desirable that the node be inforned
in advance in a change in the power to bé supplied thereto. This may be
acconpl i shed by signalling along the comruni cations cabling in a usual data
transm ssion node or in any other suitable node. Reference is now nade to

Figs, 204, .208, and. 20D ich are eneralized flowharts each

1 Pt ratimG o o Mg el 8 B FOPF B Faeatver ahtt AERSPPYS)

oper at i orbaving anowerveloding, an yhepewve tharanag @s@ntcstieg pbRert ibea fdnpwahas, twindh Fi g.
16 Fig~ 20,66 illustrates 9 basi c techni que useful for full or reduced

funct i ondl 105  SFEPSETBRY MRTTHPGI Tind 5ry BOREF imigaganie e IPHeRREBIEANE: with

a pref er igdls@ahadid®ah podkr addie NERS BAbridy AN LI BAnecRT ($8&Reri N Fi g. 20A, the
systeminitially determ nes the total power available to it as well as the

total power that ift F<PEFCIREN DY supplyitng desirally thaddles nodenie faradi Bnshi p

bet ween th@nedlif @dhaht & 1RO b u i power
avai l abi || t)r/l (TPA) iasét;t[ heﬁ d%%F %9%2;%’8 %I%&ngg‘?ogg }?SSBPgS% %Crﬁgﬁb%{?g? ?gl |y

0.8, addeiendlieg alvsgdbe apmmuispliidne dablify inpoweyal denetringmissien owods @rinoaniyvt i zed
basis. |{,,IP; I S.greater than typically 0,95, power to individual
nodes is ?edﬁ%% ecr)llhdz*j-eby-one on a prioritized basis. If TPC/ TPA is equal to
or greater than tyRefemhty i0.Bvwbuiadt ewsFigharzoar 20guatod and t30D, cahlclt 895, an
inquiry is _made t 0 whet her..a node requir additi.onal p r or .a new
node reqﬁ?nrelggz‘fo%ﬁor“f‘%?‘fts s???ﬁdHWr&t‘%cPé’ehB%Sﬁge AICHTRE™ p foﬁ(m‘teﬁri dycefr ent Iy
recei vi nfinpoaatity opefiioh Gved inPsli@tiyinswepshandbameht stepllf R floweARk ¥f Figduced and
t he hi gher priori t% node .is provided wth power. Fig. 20Billustrates a
techni que useful o8 #Ub Hlvsiaes e base tacnmigrs BssaHifpy fullogrerediged fupgtionality

eMer genCypedi ! ih 8vdithrhiMRIWR Rk RRYEH JRHAGRTEREY | fﬁ&&%réimgn Ly 2
preferre enbodli nment ofr@t@'e pr es_éégr?t inl\alentelg&gn. T Ee % (r: ni que ofQi F%'Mgt.‘&ZOB
can be udedresant eentiony s crereintFiaf 204hehd ayrten: aritdilyt getginifes ghe ROA phsveseen i n
Fig. 20B,,.f1 ener \ i,liona t a
G ven nogal e W AMLRESShe M PR A IR I R LRL, BREV DN R TE o7 1y
and t he refatipeship hetivietry thef cuFiegt, toR0fower apptmsibn (MRPCR tb hiee amengendyposteruat i on

no | onge I St e riority of the given nod e is returned to its usual

priori tygvéﬁ%"‘?ﬂzr?%ﬂ&‘l’%h‘iﬁ?‘wﬁf&f Fig. 20A 76 operates accordingly. Fig.

20C il lustrates a If EROMPQUR less etat typi@atlyfous, lad@itiosa@ duges drd sineliddofdll gokmer

oper ati on havi ng queue-conér olle rﬁﬁ’ri rity in invol unt,ar%/ Bower managemnent
i y

i n accorUSmEeP Wt i BRYrEES ey nts grateh e, WRisHtY Piive®OEh 10 As
seen i n ifdistdualZ¥des & MQIuSY S b®By-one on a prioritized basis.

If TPC/TPA is equal to or greater than typically 0.8 but less than or equal to
typically 0.95, an inquiry is made as to whether a node requires additional power or a new
node requires power. If so, and a node having a lower priority is currently receiving power,
the lower priority node has its power supply reduced and the higher priority node is provided
with power.

Fig. 20B illustrates a technique useful for full or reduced functionality
operation with emergency override in involuntary power management in accordance with a
preferred embodiment of the present invention. The technique of Fig. 20B can be used in the
environment of the functionality of Fig. 20A.

As seen in Fig 20B, the system senses an emergency need for additional
power at a given node. In such a case, the given node is assigned the highest priority and the
functionality of Fig. 20A is applied. Once the emergency situation no longer exists, the

priority of the given node is returned 1o its usual priority and the functionality of Fig. 20A
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initially determnes the total power available to it as well as the total
power that it is currently supplying to all nodes. The relationship

bet ween the current total power consunption (TPC) to the current total
power availability (TPA) is then determned. If TPC/ TPA is | ess than
-typically 0.8, additional nodes are supplied power or nodes are supplied
addltlonaPpﬁﬁﬁ%FKBH%m%W-one on a queue-controlled, prioritized basis,
typically on a firstijscone, iifi#sts §e{e¥r§gqul3a§§e§ﬂ b E!EECA TRAuLS QIRALElLt han
typically 0.95, omer to individual nodes is reduced one-by-one on
prioritizBRFHRs fsﬂmchurmw/ﬁz“?%%%fﬁavnwobwta@r eavermAgImany i eeidin®. 8 but
| ess thanwgp aeﬁn‘é?érreﬁoemg&(iﬂh&ﬁldf%hg pQéem%vénﬂgyl RY b3 fpBde 38c] ‘“%%Her a
node requires additional power or a new node requires power f t hat
node is a@&@&Y@@Wﬂh@eb6@m6#nﬁwmtﬁ@léﬁeUEﬂaFngmQ@EMﬁ&muwmnauesmaunenhnlque
o or' 1 2.8 fais 8y RALCRHe AERLAD Bty e R R bR
preferredméhb@MWnEmmﬂp®W@h@®$%ésﬁﬁﬂﬁﬂnvémmd@amnmﬂ seen in Flg 20D, the
oL uny 1 (FUECES 090 B T BB TR AC I a0 23, e
bet ween t@{detg{q ?mph?rd;r;admm?ﬁbwexmwnppm@an (alT?@_JrE cc:?xﬁglbl\h@ ]ﬁﬂj’rﬁieé’t% r}:h@ial
power avajl.abjli e . is ]ess an
typical |y %iy §S|" 8?35? H%o‘&%’e%g W’gﬁ‘*ﬁ%ﬁﬁﬁf% an {ypifeldy 8Pe RUYHI i ed
addi ti onab irpﬁmﬁralﬁﬁ&s@m&f&d@ﬂe~&y-bhd@r§ﬂ%ﬂn@&i bdafsl oritized basis, typically
on a basis that th& F g?'gtVIng the I ongest duration of use is cut off
first. If TPC TPA isIPglEAt e caah 4h ot %fﬁ?téla‘lhwwcg@y 0wt ess chan i sgrad Gal

nodes i s tedIGaroQNg-; @ﬂ@ rx@d@e as EH WREh azf%she Raskes adnix{loi;EP%;;Eprll Snggual to

or greater than typica but |ess than or équal to typically 0.95, an
inquiry i% ﬁﬁﬂé"%@xW@fﬂﬁ%%H@Fmﬁeﬁéwdﬁb@éh¢@ﬁ@mT@Ehm@mE¢ or a node requires

addi tional pover. g son ANdRNAIRAMIN G WRIPH QLAY dRkcbhgisense

that it has been rece|V|ng power | onger tinme, whic
pr edet er FPE@EOeT? Hmmsharing, priasitized pasisrin Inyolustesi pivweg nfamgemomlapcqrﬁw0¢ ower

bri or iy e hasid SBoHEEy YPRL Y LeAUGeA.ANd A Neen I AhELORT ! Larpiode 18

provi ded w t h power. erence now nade to &Hid 21D
are geneimliiyetsterminpativeaotaspea Availablase it as valy as)the tqslaissnwm thanie haundesthy f or

node, 1 St B AFRADR QOSEILEED, e e BB BRUEL RASRERET, 1P
node opetathesurirent a)tsllpeapr mdmlas (The) istles dbtermihed. ack of activity for at
At 8 P 1 A AU O ot T RS Bl T
exceeds hyqesaed duppléed additional power one-by-one on a time-sharing, prioritized basis, typically

on a basts that the node having the longest duration of use is cut off first. If TPC/TPA is

greater than typically 0.95, power to individual nodes is reduced one-by-one on a prioritized

basis.

If TPC/TPA is equal to or greater than typically 0.8 but less than or equal to
typically 0.95, an inquiry is made as to whether a new node requires power or a node requires
additional power. If so, and a node having a lower priority, in the sense that it has been
receiving power for a longer time, which is above a predetermined minimum time, is
currently receiving full power, the lower priority node has its power supply reduced and the
higher priority node is provided with power.

Reference is now made to Figs. 21A, 21B, 21C and 21D are generalized

flowcharts each illustrating one possible mechanism for node initiated sleep mode operation
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few seconds or mnutes, in the absence of a user or systemi nput
contraindicating sl eep node operation, the node then operates in a sleep
node, which normally involves substantially reduced power requirenents.
Fig. 21B jllustrates a situation wherein a node operates in a sleep node as
the resullt?® BHUIER ROYE" Eorrsemertatdpan tifedioveghatted$ig. d6pr edet er ni ned anount of
time. As seen in Fifg, »ial Lme... i TD2 since the,|last

comuni cation of t hfg"'n“olcgj&‘e@uss&a?r%a%éd{rﬂgggngéf@a n%x%%%eaagestli}ﬁisé%ﬁ rillfjdél3 ¥ é}\lﬁ
seconds oS plUedsof dcHivitsh®r absenegrofeteamisdraneunsystmmAsnpet in Fig. 214, the

cont r ai ndi i : e erat.jo t he .node the ates jn a sleep
rode, i e b BERIPUR PRSANLOT il 3¢S BBt S ree et oe

Fi g. 21C fewlsestndabesims] bt igenshet eider ar?@dﬁneﬁaf@nﬁnhmaﬁ@&z@@mmde in
response t%ra%l r(l)cgf1 co trtol, such that  the n(geme i.,s, active within a ,

peri odi calfryHsRctif Mol B nRPeralfsol 2 AiFER RO WHPhDOTRN PHe Ve StheRPIvt he
user. As rs@end bowénrgquirtinetis. the time slots are defined as tines TD3 while
the remaining tinme_is _defined as TD4, The node determ nes whether it is

currently within tFf& i Fdlusfaies Fosvation wesreinia wdedwerarey in & sissp TDd¢ 29 the
oper at es rkdalt dfhﬁ:k%f%@ﬁmmﬁ%ﬁof 0@ ar Ferl? 4 ﬂ}#e&?ttg&gbgcﬁarﬂoﬁﬁ Byﬁ%llgﬁgf @@e%rig :F% ‘gn

node operates in a sleep node as the resu a sensed con
As seen i24BFthg.time puratiore TRdéncpahe dadi cathinynisetidroofeaods & fetsmsdd. ITRB2 sel f

test may ; I tempt_ to ¢O nicate with the hub or. power
supply an @er?dagng%pé%eﬁgtn&) gﬁﬁssgg%ngéngrn%m%%e thg% §%E§ﬁ%és?e§rt SYSI§™ OHeY at es
nor mal | y coptfaitchating odkepf mbdes opératidgsthe rdddeomesn alpeatdsnint hel&begpddOdEch
Referenc%mic_ﬁ now nmade t;to Ei %’s. 22A, 22B, 22C and 22D, which are

gener al i 28dH Y STHANP SUOSEAgEATY Teiufed PP P aBRemBBSsi bl e mechani sm for hub or

power supply and FgnagenRitraesRSyehesn whetdiRhethdi! §RRADHS: QIB%' AP in a
tep in the flowhart of Fi 16. Fig_ 22A

vol unt ar ower nagenent s . ] art -1 g. _
i|lustr a¥f‘é onge dp ?@a‘? i BW‘gh%‘FEiﬂFﬁt dhaeds Spistize egthim 3&"3%13‘%@%313’%% time
resul t oflot agkenot ag;;‘ﬂt'\ﬁ t p er. M 0 i.op. As
seen in FgéﬁgézélA,ant he toitrﬂ/rréﬂe%t?%ﬁ gﬁ@[ﬁf@giﬁn%g&%h%q@?%g? ?\?lhey&%[% atq%e

node as ¢ dsgymashEDhhilerthg semeinmgpng isndfinerh aa §ede ihe swids \deteenines

dwhdtherT ynical Ly a d inutes, in the.
aboence opeder bl ERERECR NN A DA RRCTE B et TRt Gped i,

t he nodettesleehand®8 operated in a sl eep node, which normally Invol ves
substantial Iy redyged, 22B il lustrates a situation

wherein a node is 0 ‘e‘r@? iikgsrtfa?le%%u%ﬁagtg%n%‘agin%9‘?‘1%035@%%”E 2 steep Jpqdeq the
comuni casulonf koensa fhienssndiopr ededees th Fegl 2IMUME Rle theABdicAS, p&&AIms™: Fi 0.
228, 1 he Et{tn%. 'Pfll{:rs%}fltgs?m-gD%e,Sfjorngx%.mt Ii]ee arll %agmctot%gguaﬁtiéai%nud?g thtehhe n?dgwgrs
sensed bY"th y pie, p ub or p

supply and management subsystem . If the node passes the test, it operates normally. If the

node fails the test, it operates in the sleep mode.

Reference is now made to Figs. 22A 22B, 22C and 22D, which are
generalized flowcharts each illustrating one possible mechanism for hub or power supply and
management subsystem initiated sleep mode operation in a voluntary power management step
in the flowchart of Fig. 16.

Fig. 224 illustrates a situation wherein a node operates in a sleep mode as the
result of lack of activity for at least a predetermined amount of time. As seen in Fig. 22A, the
time duration TD1 since the last activity of the node as sensed by the hub or power supply and

management subsystem is measured. If TD1 exceeds typically a few seconds or minutes, in

the absence of 2 user or system input contraindicating sleep mode operation, the node is then
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hub or power supply and managenent subsystemis neasured, |If TD2 exceeds
typically a few seconds or mnutes, in the absence of a user or system

i nput contraindicating sleep node operation, the node is then operated in
a sl eep node, which normally involves substantially reduced power

requi r ement sperdtidin a2Rep inlddu SRt RSTALS iddflel %smgir&%eﬂﬁwerir%é9ﬁén%§ ed
in a sleep node in response to clock control fromthe hub or power stupply
and management subsy<teri’B HugritesEhaatiewherdie 4 modact presated i sle@ mode as

peri odi cal | ijte @86MbF 09 of HBmIhRitioPRs 8Nfeadn | LRhohies By Skem or. the
user. As seen jn Fi g;i. 35€ "The t1e sl ot grﬂé %%%T%]tg%agguhﬁor?e“sny%éé i e

the renmainithg?4B: e 1ge defatipedDassirkR4he Fisecomuuenicikeibe piitnesodahetheed bi tHes
currently wbhi Bod e,k I t.. 1.e. ' times TD4, it
operates in t heB%I ee_BlB]sréb[}grem.I ﬁlﬁﬁ %ggr %‘i Siu\bé(lsg:,% t %eaﬁuﬁ%£g$+3%8§%%§%ﬁ”§ Ry
nmanagenent S§EHSY 9t evmwemtin diesatishree e ugper ayiten iyt GONEeLindi Bgink RRep PRERT
supply to thg i ccaordance. with the aforesaid clock control. Fig. 22D
illustrat eslaa a{s?(ls)rtggléét ?%c% [\g\/ﬁ[jeep et re]rag:‘ﬁ'n]g Slgep BPEr J qoﬁnﬁ?ys1“§%1ﬁe%1%’€§alésaﬂy t he
resul t of aeduaed poveonauirementsensed by the hub or power supply and

managenent-subsyst em.. .seen in Fig. 22D, the hub or power supply and
managenent subsyst eﬁlﬁe?‘ﬁgdﬁ‘gzﬁ?’:ﬁa 5’}5‘@%?’6%’5&1 1 agde isfoperpeedrin deslec imeodsdi f
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supply and rrﬁg]agerrent subsystem . jf'tﬁ)g node éé}{g?gai{yﬁémte%gtﬁ?gﬁmi’sw%
oper at ed nBPHHEIE8Pde 1§ agthie Fithin af pariodicalie osausting time iskotogmert edinpwt fréve the eep

mode. Ref e?@f&eoi Fre QY. MBQEerd 8 ﬁiégﬁc,%ﬁgtim%%%ts gr%%gﬁrgéjd Zg’ﬁrgﬁ%ﬁ? W@ﬁm | or

generalized flowcharts each illuStrat’ing one possi
no functi off§1315e g srdefinehasi T4 The hadt datgmireseihetieniagemeahtlsieln ke doe

fl owchart heg). cFLgs i st rates .abasic techni que useful for
full or no%tuﬁ?:?i%#% i% 9&“55‘3‘}%%1}% g %e\r/agﬁsdlﬁfhgrs%%g\ﬁg?' M’é@’é’ﬁ%’rﬁhe fipp or
accor dancePewer supplp rasflemaredereed otibsystem obntidie thePRiBeSHerdtio €t bORrniAS tHEEN
in Fig. 2 Wetrlg'? E?yt%ttgm({fi.tiall det er m nes tjae total power "allocated to
it by managenentrat oa g 36“??"?1’?&‘??% Op giresaidgiack cantidwer  conser vati on
program as wel | as fFiye 2eDtiBksuRaeeer sl Wherbis aGlbGE BV YarSHRR) M%Téggmb& ||

nodes. Thethrel alié’tpnfa i p etween the current total power consunption PQ
to the curteht it StaPuhEomstion sered oy 8 hubpppywersuppis andi rasasingricubiybtemPC/ TPL

is | h&n séevipinCEik| Y218. didt | ) i 79
i's 1 ess thenséphcEll Y210, fe RBdbt b@&}f@ﬁ T@%ﬂf}%ﬁa@gn@#mhﬂ S‘nﬁas#ﬂ&ﬁ pQHX‘SEﬁuIyy

one- by- one 19:3 a prioritized basis. | eater than typica
0. 95, powdrPuns # it of thg diode ohesself Jestimpy oren &t exdmpleeath yttems torcommunicate

L PR o UL 48 e AL B
new node rPE&@EASTMAbNEI the rfods iils almotest, Gdperated in the sleep mode.

Reference is now made .to Figs. 23A, 23B, 23C and 23D, which are
generalized flowcharts each illustrating one possible mechanism for full or no functionality
operation in a voluntary power management step in the flowchart of Fig. 16.

Fig. 23A ilustrates a basic technique useful for full or no functionality
operation in voluntary power management in accordance with a preferred embodiment of the
present invention. As seen in Fig. 23A, the system initially determines the total power
allocated to it by management at a given time in accordance with a power conservation
program as well as the total power that it is currently supplying to all nodes. The relationship
between the current total power consumption (TPC) to the current total power allocation

{TPL) is then determined.
If TPC/TPL is less than typically 0.8, additional nodes ére supplied full power
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having a lower priority is currently receiving power, the lower priority
node i s disconnected from power and the higher priority node is connected
to power. Fig. 23.8 illustrates a technique useful for full or/ no
functionali ty operation wth energency override in voluntary power
managenent P ueEd rdan cBiontizdl Aagiy. off SFRGTPL asripositdrehin @fpidalie QIR SEMer 1o

i nvention. jyhheqt.eqha D can be used in the environment of the
functi onal 1|nty o‘#a g ngg nﬂs“%e%“ﬁ?’[i YHTECG 2 PosEiedbEsisy st em senses an

ener gency need for prv"\JéRF/éPLas giuzerm omgrelaer thin BHRAIIRA0BARE lest (RN P \& %\Qaiﬁ@de
IS asmgngci{ R:Qﬁ’ B9gh§ns priority and Ev E functionality of Fig.

appl i ed Be'the ener‘é‘%‘@i/sé‘i‘at%éfit%w T8I TG erOda XFRYTES PAYFE Iﬁﬁﬁ’ cﬁmiitaylodf: t he
gi ven nodlewnrg 4 Gtvesr rp@xdnfyois ichigentBURLe @RS 96\'\/&1’}’tl@ngwg%JnW%dqugisggr%ea%d Fig.

23A oper at s accor drﬁi:::t% t)é In accordance with an alternative e
the present”T V&R e ST PrGHEL 7R & Gongecswd te Rewermer gency node may be to

override any vol unt ary POWRLTRBAIGEBA e LbdRut BF 1HANS: ng'fgncuérofz%t%l gaklbgt es
a technique useful for full or no functionality operation

queue- cont It ERESSAED PVEds ip vgluumsapngom@ragmaaaqemmrdme adtion cjﬂéfeﬁe@\ll th
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served basdesis réthmEPE i Tf’\ksuhiﬁarﬂhg?&ﬂrthé RGidnY Ry SRFlY 294 g??ratgg rdﬁngsy |t

i ndi vi dual nodes is_disconnecte one-by-one on a priorttize
TPC/ TPL is equal t olbACGFresatelith Hamltessiicapniodmentboft the esserthiavenionedual t 0

typi caNy @Qin@Benzdity Ll L .8, N8 ode requires ovver
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a techni qh@“ﬁ%@ﬁul for full or no functionality oper ation on
ti me-sharing, prio g(%l . ol unt ar 0 managenent | n accor dance
with a 80 pr eferr edrgng i %ﬁr 1‘3%3 e'Br é’%%fﬁlt R?ﬁ%@r?ﬁ“é’ neiionglity PRefationg
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mBoHe %,
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9. suppiymg to all nodes. The relationship between the current total power consumption (TPC)
to the current total power allocation (TPL) is then determined. The technique of Fig. 23C can
be used in the environment of the of Fig. 23A.

If TPC/TPL is less than typically 0.8, additional nodes are supplied full power
one-by-one on a queue-controlled, prioritized basis, typically on a first come, first served
basis. If TPC/TPL is greater than typically 0.95, power to individual nodes is disconnected
one-by-one on a prioritized basis.

If TPC/TPL is equal to or greater than typically 0.8 but less than or equal to
typically 0.95, an inquiry is made as to whether a new node requires power. If so, that node is
added to the bottom of the queue.

Fig. 23D illustrates a technique useful for full or no functionality operation on

a time-sharing, prioritized basis in voluntary power management in accordance with a
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be used in the environment of the of Fig. 2° )A If TPC/TPL is |l ess than
typically 0.8, additional nodes are supplied full power one-by-one on a
time-sharing, prioritized basis, typically on a basis that the node having
the |longest duration of use is cut off first. If TPC/TPL is greater than
t ypi cal |pref@rr8d enpoudiatent of ithed pakaditidhvenddesAl Sedli BICHIANEED etheosyerehy inddiyon a
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priori t%ﬁ%‘égﬁintﬁéerﬂﬁéﬁﬂgﬁe&&ﬁedoffﬁ onpspower and the higher priority node is
I't i

connected to power. I's appreciated that normally it is desirable that
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r educed MEARA NGRS T fijepest ?‘?ﬁﬁbﬁ"?fleao%ﬁ’rﬁﬁﬂ%?fg Fwer management step in

the flowchart of HPCAPL iFleGual 286r plehids tHaatiPScaAIRS bi: fOCihBh GHequgebul for
full or reduced functionalit operation in vVoluntary power nanagenent in
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I ess than typicalityis QpSreciagidi thitotinalPUER @dsRatiélRiRltithé nbdd be ffvermed in
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0.95, pAWERCE & 2 GHanss Pulc REELO b suppiirdetiersi- Bys 81 b?na%compﬁiafrth Yed
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requi r esthgtigiiteblgmadeponer. |f so, 81 and a node having a lower priority is

currently recei vigRouen, LUe Lawes, Boriby fiede, has,lit 4o Dol SHPPI Y
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Fig. 24A illustrates a basic technique useful for full or reduced functionality
operation in voluntary power management in accordance with a preferred embodiment of the
present invention. As seen in Fig 24A, the system initially determines the total power
allocated to it as well as the total power that it is currently supplying to all nodes. The
relationship between the current total power consumption (TPC) to the current total power
allocation (TPL) is then determined. The technique of Fig. 24A can be used in the
environment of the of Fig. 23A.

If TPC/TPL 1s less than typically 0.8, additional nodes are supplied full power
one-by-one on a prioritized basis. If TPC/TPL is greater than typically 0.85, power to
individual nodes is reduced one-by-one on a prioritized basis.

If TPC/TPL is equal to or greater than typically 0.8 but less than or equal to

typically 0.95, an inquiry is made as to whether a new node requires additional power. If so,
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preferred enbodi nent of the present invention. The technique of Fig. 24B
can be used in the environnent of the functionality of Fig. 24A. As seen
in Fig. 24B, the system senses an energency need for additional power at a
gi ven node. In such a case, the given node is assigned the highest priority
and the f#Réeinogmhaving aolower griorRY A cugemppler@ding Gnwer, thdoesaargeincyodsitasiat i on
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man
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gueue-cont ol |.ed rioritized basis, typically on a first conme, first
served bas{)ﬁs)erét%fdc‘f'%&"? L is greater than typically 0.95, power to
P@TPL

i ndi vi dual nodes i s Ine@tgdshce ofigr Ry alffeatiR entidied: tirzee pRasitSinvdnticd,
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addi tional jippwRims. | T so, that node is added to the bottom of the queue.
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functionality operdt§oftenilestiatesea derhpiang, usshil ofor t fufleor Isedsiced i fanapionality ar y

vent | on. aroh e R e e R R T oS B el i R
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If TPC/TPL is less than typically 0.8, additional nodes are supplied additional
power one-by-one on a queue-controlled,. prioritized basis, typically on a first come, first
served basis. If TPC/TPL is greater than typically 0.95, power to individual nodes is reduced
one-by-one on a prioritized basis.

If TPC/TPL is equal to or greater than typically 0.8 but less than or equal to
typically 0.95, an inquiry is made as to whether a new node requires additional power. If so,
that node is added to the bottom of the queue.

Fig. 24D illustrates a technique usefui for full or additional functionality
operation on a time-sharing, prioritized basis in voluntary power management in accordance
with a preferred embodiment of the present invention. As seen in Fig. 24D, the system

mitially determines the total power allocated to it as well as the total power that it is currently

supplying to all nodes. The relationship between the current total power consumption (TPC)
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havi ng the | ongest duration of use is cut off first. If TPC/TPL is greater
than typically 0.95, power to individual nodes is disconnected one-by-one
on a prioritized basis. If TPCTPL is equal to or greater than typically
0.8 but less than or equal to typically 0.95 an inquiry is made as to

whet her a r ires addjti |, .power,. If so and .a nade having a
| ower pri o?ﬂﬂﬁ T&Bﬁgmttﬁtg%sogﬁeé gﬁ?%gén ﬁﬁﬂégg‘ﬁ%gﬁe%%eéii V% FFetRs o %(‘ﬁ* 24D Bhger
ti me, whi che bgdabhowenairpredetttrcfig mai numtine, is currently receiving

full power, the Ilo iority node has i wer supply reduced and the
hi gher priority nodgﬁﬁgggigéfh%ﬁ’&flﬁpmgﬁﬂﬁgi%ﬁ&P“ﬁd%E%?gFﬁuﬁﬁﬁﬁﬁ@%ﬂ%%ﬂmjth
yet anot hepoyperederiedneetb adihertariaf, thaitRe€send, VARt 01, basik NBcaAP3AGed
structured cablinq %%st§n1conerises a system for generatin , delivering and
di stributi KB BECPTEEE MBHRECTHE Rethoridira it SEbvesreaciden boswiufi%at i on
network i pdwasd indelidiae n¥dek I discBnktietddBnBGy-oR8BPY 8riQfiri AR bAIPT 1 S€.
Consol i dating power distribution and data communi cations over a single
network serves to si¥pgFPlancedrddace aemer dosttyptallyed horklesseihementequal to
i nstal | atigpicamdobs B QYifeisandRans, %gﬁ%l’papxlze\ﬁy H&ie%n%ﬂ}e?%cﬁt% G Qe PRGKUP
el ectrical " power to criti‘cal network devices In the event of & power
failure. Hode sielhoving o letegqrichitd imrheappartiz itshas hebretdidas pbwer fgentsnati g,
that 15 priman ho doet ach Bk Pa Ry i AT B R Bt BB Ul PoTe e
i nvent i on lpwecpricanyg node tze dupevanypvssitidand dieHigheDpHcias nbde i BRoviRH avith
connunicagkgﬂ%ngn%“%o mai ntain conpatibility wwth the I EEE 802.3 and ot her
rel evant standards. F@ference is now nade to Figs. 26A and 26B which
illustrate a bl ock dhagbamhccolityd:\Rbtaed prethéi SRETIALS /F HRNRe¥Sh&Htion,
constructeg and ogfratlve in _accordance with a “preferred enbodi nent of the
present irf %ﬁ'?*faﬁﬁ, FrrerEsh caPliRe SHBFR QBPISS pytea) {ar ganereting, clglivermgdand
net work colititingl bYcrO¥E pdve 8 HBwERDLBmerk  cHRGE Ak enced
3060, conprisesga ﬁAN aﬁﬁ[qr LAN backboﬁgﬁggﬁgﬁ%ﬁgggis couﬁ%%éxﬁ%%gﬁ&lP
t el ephone ESEFunDBhin 2dutding.sempus er previigerGoBoltihing pposwedistingion kil
nmanagenmentiaiiioh mtdds ' r er. 3066 _An | P tel ephony server
3062 ser veé1 to provi agl%?oev?re% 0 %Qé@g\g?éceé&g%o Salmpgg'uarnglrie?"ve g?e ‘Tclgo‘%.%eéﬁ?%nes
connect ed etegenh mstadetivor 40d30 Govidine meanes! opglying ANimEngyRinEHackD tlBttticd164,
which is dgggfi I re.detail, herejnbel ow _.provides adm nistrative and
power na%agg{r%)%t?ﬁf Aul%g |05L§gevf{:§§matp? e‘feﬂtL,OfgadWé”ref fﬁ%@’f& LAN enabl ed devices in
the network. El ectrHeminbpiowes desasibdiarcapphiaiie dndvirfetholdh €orddh@a G aui sl On
signal s i devicg Herged a gogg&ﬁdata conbi ner. The conbi_ned power/data
TSPV £8H

signal is TTansH 17 A&7 nEORiORK BHRTURRre Balys primariylspigned for 5

LAN cabl i digitamttoatimiieaiisnsElplypdted S6B Qhivedtion functions to reduce any possible

disturbances to the data communications and to maintain compatibility with the IEEE 802.3

and other relevant standards.

Reference is now made to Figs. 26A and 26B which illustrate a block diagram
of a typical data communications system constructed and operative in accordance with a
preferred embodiment of the present invention, wherein a network devices receive electrical
and network connectivity over the same cable. The network, generally referenced 3060,
comprises a WAN and/or LAN backbone 3064 that is coupled to an IP telephione server 3062,
other service providers 3061, a power over LAN management unit 3164 and a LAN
bridge/router 3066. An IP telephony server 3062 serves to provide telephone service to a

plurality of IP telephones connected to the network 3060. The power over LAN management
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simlar cabling standard, a network device that functions to split or
separate the data fromthe power. The data signal is input to the network
port on the device and the electrical power is input to the power input
connector on the device. In the preferred enbodi nent, a power/data conbi ner

circuitry st Bhpd et @lies@Bed ishanRdakang.extgLnal  hevwer/ data conbj ner unit
3168. Alternativel t he exter nal pomr/éat%?({:vgr%?\ﬁ%rs SRR g ang pover

i mpl enent eGP TEGRERTH GG & Hehtb keraveikpinl esatdhl desicas iuke neoworgWi t ch and

refer-red to as an ipkegeatgd.powernldata; L.ner b/ sw tch 3072, 3090.
Sinilarly, .in one enbodi rrenlt%, % ﬁg?pc?v\eﬁggetg??p f:ta{g r TEN AP ehEREEY g a

st andal one ¥ ESPIRAT HBNEY dita eoniphért tBre apnibined Ho6er/did spnatd ¥&lohitdd ojed

i nt egr at edydnatQ @ .ce suc P tel ephone 3102. Wet her or not
t he power/ éa_t a coﬁ?ﬁgﬁ?&%féﬁdﬁ%o%ﬁé&/%g@g Céé)’mg[ Farn st HACTTA #f‘enent ed

as an ext StRHT wgbirmisimhed, amietwook devicd mtefratoasd ﬂ'}bﬁiporaseﬁﬁﬁtWEk?agaﬁ%%Lﬁg}rl% ‘o

their fu l.pnay | i.,s._si.m.| ar, The powerl data conbi ner 3168

superi npog%wéegl g\i}vé : &t naelrféﬁflpﬁb{ﬁe eélF'SW\éfp%PB thetflevige gid the stpataivelypovenyis
power dat anpfmibripoats BPS: GngRedron thedevic@w f requency power signal may have
a frequency, for exgn‘a{?e, 6%J[rom DC up to conventional power utility
frequencies, i.e., SOUGIPTEETEE SmbeHEmpEwRe PP e datasEinibitee cird i H if inptémansl t 0

separate ashe staadalbie GeRgy RANE ag | a{}ﬁl rom theo high frequency, |ow power
dat a conmuni cz%aifon signal. Various a té?éﬁa rirlnveﬁggn“oo 'tﬁ@ﬁrﬂ‘%&g@ft h&<Egter

over LAN B¥ERAIRa camebingioyms 3il 68 istinglemented GoletiodwRBBnetNotk derh&® sl W8OI b

el enents ar SviRARH rQ¥RLS gt Not | the Vi ces _are power over
LAN enabl ed- Converl;t_i qna{dagréllgng}g%{gtgd BYE akl\?oﬂ’f?f% @/%W?é%za 3R%Y be
included in the sandimilstiwoitkoncT hmbpdiment, e pokdla@Nated;s i&?&t@pgg gte
transpar eghldd enag d devices. Typlcal applications of network -
syst ens/ el er_rergtng %g?ﬁ%l%?? fe™ d&%@Pﬂ%?féP*tEAﬂg g&?%’f‘%}’r‘\egf It {yatepratesantp ajnetwenrki on
can be apffvieedutloas IRakiediemneBuo2.are not limted to, in general, any system

or elenent that is ‘&ﬁngect ed tltho a LAN, and nore specifically, IP or' LAN
tel ephony, digital ViHet YAREPE8OWettEensrbings 3168 adpovenfian spitiendl 56 are

equi pmentimphintent«iS 8s LabNext B0 beA S 1dRCALP i rapnsmtter nd receivers,
por t abl etﬁo uters. workstations and 84 %é?é\% te%rllnn eargt?mﬁﬂisge‘fl%l ded are
security SRR skmiars  Ehe aewar/datamsombiders 2HiSofusctidnat to Ap&impRBecied to

t he net wd¥dguer } Vo f [ ne devi ces such_ as LonWrks or
CEBus co dg'? tieb e@ ?oﬁ%gﬁgh%;}i&é ggr%gg’i)éé‘ém?wtp PAH| ‘fﬁ?ao??ﬂm%‘iago?ﬁeﬁlm-ki%

equi pnren \gé@ﬁu%y PRWSS sigralintay tess 2 frogiearss  foexa@PRS fromasd up ko LoRARAME
et e U o e DL I Rt M
the low frequency power signal from the high frequency, low power data communication
signal.
Various alternative embodiments of the power over LAN system, are shown in
Figures 26A and 26B. Not all the network elements are power over LAN enabled. Not all the
devices are power over LAN enabled. Conventional non-power over LAN network devices
may be included in the same network. The power over LAN enabled devices operate
transparently from non enabled devices.
Typical applications of network systems/elements that the power over LAN
system of the present invention can be applied to include, but are not limited to, in general,
any system or element that is connected to a LAN, and more specifically, IP or LAN
telephony, digital video cameras, Web cameras, video conferencing equipment, wireless LAN

products incorporating transmitters and receivers, portable computers, workstations and
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that can be adapted to receive power over the LANis limted, however, to
the anobunt of power the LAN cabling is able to carry in terns of safety
and cost. The power over LAN system conprises systens and subsystens that
can, integrated together at any network level, i.e., fromthe network

el errent/dew ce.l evel thr oug t he network hub and backbone swi tch | evel.
The powBF™VBUeR NHRN €Yt BRFEShB S X ety SHHR 8°vieescoff &t iarand spgors that

instal | @ffelc@ﬂle@{edQ@ﬂlet}%twme&hﬁ%@jdcdrﬁﬁoﬂe& ReaRSY WAL KevRle6 BRALS Lfohwzsﬁ@sl yes,
e.g., hubs swi tches, routers, bridges, switches, etc. Sone of the devices

recei veCEPBE EamRpag! epEf\ﬂéW? PR I’a@%@f Ff&fhﬁloflfﬂd@iﬂ BREVeIng %) PSSR SYBCHI Ve
power oyey HhenbANLGaR! bl nEE&ﬁéﬁzH@*a%x% hsmedéw%%'s br,] Qeggda RULET eéQgﬁ

recei ves AC mai n power via electrical plug 3068, Likew se nter
power / digtia cpwabigredectridal be wen frah IR QAN mfcaStmcnmenﬂihomahbfLrAhﬂ m}vb/owm@ﬂa 3106,

3128, 1 ﬁgte%a\{x'eoe%( tag@d N ROWE. é’dg@er o@!ere n%rL&% g 15 Qu-rﬂga,lg Q«Je‘\‘zbr %g‘ Qge' ar%&l?nq of

respectively power ta conbi ner receives power from
UPS 317howdnithed, AN matilingns abls tccaumyer teeds bOsaféSy mad cospower via el ectrical plug

3170. Int ted / dat hub/ swi tch 309
e LAN. cant | ng RAoeabr e aoRs AP SIPRt: pOREI UL GORS N R ow o1

3072 i sinegnrdabgsdhdrQt bRendshdik lovdidige/ fromtiBe ndGfk Meéder/devdbd RvAGRHughat
Net wor k devi ces connected to _the hub/sw tch 3072

carries_ onl
i ncl udeh ?ﬁf?f@%ﬁ&?é@a@@?ee switolevel p Ihe PEPROAET B076sysencGrecfdsd PRfca

combi ned.ROURIchaat ANGARhE.BARS canfe iMELHALRS the RAWEH! dahnts Mlehisdfgs, Wi t hi n
t he phone. P telephone 3080 is connected to an external power/data

spl i tt ex2-J0P8 sitshesefpareat bridgasasviighesectc3082 and power cabl e 3084. The

power/data spl i tksgqof.fg iR 18N &?Jgte%‘.eétgeatirb%ujw%oﬁwfhte Che il 2eckb@oRs cabl e

3077 that carries ower an vi‘ces cou e rated
power / datl aomc)mycwerpohmbbmmhechm&bling metaschectipor tTélbIIe\N,brrﬁgﬁ/mnteBG%G and | P

t el eph ortabl.e r cted tg_an_external
hover | JaRtAS il bRt YRS S AT Rk Hous 00k BRARRE St AR R R0IEE "
power dabﬁseltaﬂmz dfhe:opmmebﬁajm spb/switer 3 3894118 reeivaedd etid govwdrevia

hub/ swi h 00v b 3092 that carries bot ovver .and da

t el ephdHét ugy 366%?&3&5 %T?PE%‘B% 3%6%”‘ RA¥eridsfa FabIRgH: 'ﬁ““pé&@? and
dat a aridceiv@.t, Qg-fléi‘t@&n Q}H%Oy\laﬂ/\dﬁétﬁ 115 flrsh, 11§ @5nnbtleB itd) ATNBaiR hoRer viblRlRrial t hat
t he hub/switch 3 :~0 nprises, an interrial power/data splitter to

separ atPé's-He0 cémsgmfé p%*@fféaté Gﬁﬁhﬁprc%ﬂh/wgchsfiqgﬁarpceawa pewec oYY dbg Ldler

si gnal smgeivwedbld@@aghub/ switch ' 072. Conventional LAN hub/switch ') 106 is
connected to the bridge/router 3066 via a cable connection 3134 and to AC
power via el ect rIntegrated pgweddrg: colbiner Rubdewirahe8072c srevaoeatet! to thehbAN

hub/ SWbPlﬁEe/r%&gp 36%&1&%%3&5 36% %ngapﬁes?’c;n%}z d&g.d N%Fwolﬂt( 89\«’1&:6%%8”1%&%{33 t§ M‘eS
_ hub/switch 3072 include IP telephones 3076, 3080. IP telephone 3076 is connected by a
combined power/data cable 3086 and integrates a power/data splitter within the phone. IP
telephone 3080 is connected to an external power/data splitter 3078 via separate data cable
3082 and power cable 3084. The power/data splitter 3078 is connected to the hub/switch

3072 via a cable 3077 that carries both power and data.

Devices coupled to the integrated power/data combiner hub/switch 3090
include portable computer 3096 and IP telephone 3102. The portable computer 3096 is
connected to an external power/data splitter 3094 via a cable 3100 that carries only data and a
power cable 3098. The power/data splitter 3094 is connected to the hub/switch 3090 via a
cable 3092 that carries both power and data. IP telephone 3102 is connected by a cable 3104

that cammes both power and data and integrates a power/data splitter within the phone. Note
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3124. The I P tel ephone is connected to the hub/swi tch 3106 via a cable 3110
that carries only data and to AC power via electrical plug 3114. Desktop
conputers 3118, 3124 are connected to the hub/switch 3106 via data only
cables ' 3116, 3122, respectively, and to AC Power via electrical plugs 3120
3 12 6, thebdlseltysrarah 3080 darwrisemanu miteat!i roner/dath yplitad | te s§k32e clonaediisedt he

br i dge/ bayl6hnidR0:60 S8 yexbiErnal ROYELAR A comblinar, i L, 3108, A data

comuni cations only cabfe connect s e po "unit 3168
to a conventi onal Coinholy! S hb/3426h § Heitis csnreoiad &€ the bridb @ rACerP08EKiaVi a

| ectri | ug 3130. . Th ta conbiner unit 3168 i ted t
ol ural | £y P WP GV 8BL Rotr eI s WL oAl v MO Ha e 3150,

| EP t el ephesned @ 12hub3dBhanidsdaskdd op Gemut 811810 dekAGNAISHMQE k1 gevi ce
power/data conbiner unit 3168 has a correspondi ng data

t tqQ.th
Sommni %&t‘ﬁ e fgﬁ?lszpfl@aﬁ HEOINEHe AR BHeswisdwid PP digtcablbrdil Askatigaimies gaIBS t o
the Mubiambdcis 888wt g elechRulBlig PET ADLADLORAILOIRS, 31 E ARG I ons

signal s received over data ca 2 are pas rough, 1. ged,
t r anspalPeht hyb/switefnd Kot vib|dat3ad cablas § hi, SVehtrespectavepowed t6 AT poeer Yiewever

t he ICoé]é/&ﬂalBg%é%é@%%%%\é\%%%@dﬂw is bypassed and the data

conmuni cati on are’r irectly to the network devices connected

to the power/ dat aA demlzbmerunimations3dP cabld®] I2edonBEdss the delied/iclee 3086 the 3136
is connected to the pow%r/dat,a combi ner 3168 via a cable 3138 that carries
bot h data ¥NEOFEHEF2 PBOWET BRhdheS 3 1dats SompyRisaans Prliocable dkeGkranapcts

pover / dh¢ poweldatd &imBd4Qintti A 68 P alcahR a2 10aPhg/d4itd ARY (RANSLonnEcAl €
3146. The Cpovver/d_ata splitter 3140 is connected to the power/data conbi ner -

uni t 316&AC peyervie slesinealdripe Ré? 0. d AbapewttdatRad igir vinft 316§ is ¢dnegtdphone

3158 i g : 0, fitter 3 Vi epar at e
dara cIN o TRy REnerR Bicet b ipAR, BONRLAAYR Rk e e I GRS,
connect’ddZ;t ¥l S8radpiswienp damputen dbith eEadimetwdrG8devica cameanddi toafle ppaesdatalat a
cabl e ; - onputer ' ). 150 is connected to the power/dat

conbi nevriginer il 108 £Q"E e spopding Hia. SomBREeGHARy cabicanadERon it (B A
pover oweslas combiabr plity1631:62he Asb/ekeisdl 11280 BRIRY Bordidl BpAaliNe thnddRGR, can be
adapted to Erov.i de backup electrical power in the evenF of a power

fai | ur & ERMBRCHINE Sigpds GRfefEd T Be2 sride 8452 sterpasedi theaugh, 19, brideeret wor k
3060 t erafépAMInElQ o AWRTcabll 38561 € Ble ABAMETK di@éf'fﬁﬁﬁe,tﬂwev?}'%ﬁe‘ SvEidagiver ed
even in the event of a power failure. Exanples include 'P telephones,

net wor ke baldswitsh 31284y brrassedmndahe deta (commipeickies signadoagoated nfirectly to

t ransmtt ¥ i . In e xanpl. wor k shown in Figures
26A anmt 21%%?0:?%\“]?%;& G}r{\?c{té%tf%ecF%W%édtra\%ecgfng’glegg“ﬁ(}:p&tpovver via el ectrical
plug 3170 and pr 3¢ desvgkwedady ovided eamata POYEI$ dRhaedtadThh NBE pévidr/datil68_

é‘ll;ir Qgé{inl\{i%!axy 316a8d9iiatzi 8293?(1, 3lIJ§)SS t#a?icgg*ieg %%thb?iatgla%ﬁep%\;err]. tIrﬁ’ete?e%Elg\ger 514?2n95/ of UPS_
connected to an external power/data splitter 3140 via separate data cable 3144 and power
cable 3146. The power/data splitter 3140 is connected to the power/data combiner unit 3168
via a combined power/data cable 3148. Similarly, IP telephone 3158 is connected to an
external power/data splitter 3156 via separate data cable 3162 and power cable 3160. The
power/data splitter 3156 is connected to the power/data conib.iﬂner unit 3168 via a combined
power/data cable 3154. Desktop computer 3150 is connected to the power/data combiner unit
3168 via a data communications only cable 3152 and to AC power via electrical plug 3172.
As described above, the network 3060 can be adapted to provide backup

electrical power in the event of a power failure. One or more UPS units can be placed

strategically in the network 3060 to provide power to critical network devices that must be
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be adapted to supply electrical power to nore than one power/data conbi ner
device. It is inportant to note that distributing backup electrical power,
i.e., power froman uninterruptable power source, froma few points in the
network via the LAN infrastructure is nore cost effective than connecting

each criti aetwark & [ edi cat PS, or. alternatively
creating ap%%Jlgé pover dti_ﬁl'stg {r)]&l%tf fa ﬁk%glgﬁ%iwﬁg g?@"ﬂ"ﬁ% ‘?%P%J%?hgeﬂetp%o’%%e“&%rked
or gani zat isesrrith daddest ivoreitso A€ dondis neqoypqrawer ravehiterkand| mcdivees, evenin ok a

power fail ri.cal r. ls.supplied fr the URS.to those crijt.ical
net wor k eleggrlrre%mes%ttﬁg’% T equi Jr%e i “Q%iaél j&%\)\é‘{‘e @\%r”nﬂAﬁidéﬁchﬁ tt\%o‘%“tf;
devi ces ampewto vizeetviealppier3 7o anherexdntpeferao diairtalipewesitetheosenki guned

into the p r/ dat a.conbi ner i t. beforehand. Configuration, can be
per f or ned *’ﬁgga tﬁ“’\?‘i“é&é Hg}gé%ﬁﬁuﬁﬁﬁm E?P 5o els v arki e/ Ag i agen et uni t

3164 conmegligded & supfly LLANIAN RAE KDRBR 1808she pbivel/Sard FRMitANEviL® Note that

a benefit of the systemof the present invention is that the safety

requi rements and codt Somagegorkncte it dimbstiog padue detridk Ppedded MIvEe

el ectri cals BPYWR! 1diS oG ' OV, YO - :

nfr ast  acei o Thnehateals S iep ks rBPERIOY h etk via he LAY
permts thdraERuttetedp hone cow effenriee thasaunmetind eactinritit® mewyetriablemepdtoeits jwist  as

ordi nary anal ed tel ephones conn ed to ,the PSTN enjo t oday., The
el ectri ca?e(%%év%\gdr B??s"ﬂ*ﬁﬁ‘?ﬁ‘ﬁ \9r§?t1r{ghaeﬁgglﬁ°¥§ﬁ d‘B‘é‘%Hté‘Fq %ﬁ@ Sét‘?ﬂg]?mé%hcﬁg or
| ow fr equetrcygAfizatioh tiagadition o ik tobdifiarg 36@er AdiRodie!In RS dedf 0P PBHeOMafirel NE
LAN infrastructure does not .interfere with data conmuni cations signals.

The power SBFFalRavesLfunpHed RN the AB1Si tigheses et metreark wemeniathslelerligh #- t he

current i yiitHTpbRer bty AT AQTerbBedBERAL Revi b DLk Yool
st andar ds sdcmhbas UL 60950 earfndeEN 60950?“8!\%?%@3 E%Ae{vtﬁago\%eﬁlgngﬁéegggﬁtcogla

power del fallsreeindgspnfigpediabt tha gowerrdatsecombingnsmi befedthandi ipndigeration nar ke

spare pai i bl.e. r c i cations-requir 2 aj ks

conduct or 5 Rt ek o PARERLC RITR R S A Rk Bl al S
and i ncl aomsctéd pathe EAN/MEAN Baghdores306émai N unused. The el ectrical power can
be transmtted using. one or two of the unus pairs. In this case.the
power splitter andnlgwf??é?ama‘ioémﬁbfhm ﬁg‘é’@géafglefyﬁﬁ'édgdﬂ%ﬂffsﬁtr”éYﬁ““O“ 18

I nj ect i onthantheegsfetyd dquRBments RAIVEEst GEMefMrk RFHAKE REEPmes Tcahl BeLFddatddvahde i f

the data cabl.e conprjses . only two pair, then the electrical power is
di st ri but BeFHieH mgwenis doviributed aslowrveltageaovethe LAK ingastiucare. {hthecaseof® and

transmt jebRsny RRNELENEEWES (PWhEBdE thrrElitsg]:hezﬁ’ mggﬁ&é id Hald 8188 bt ock
P g a

di agram of a power/data conbiner unit for acin ectric power onto
t he dat a wuptamAptakle powsr justrdsoadnary etalegbasad talkpbordsmeungored\tn ol P§T Nichiny
power / datt%d&gnbi ner functions, whether
The electrical power distributed over the LAN can be delivered either as DC or
low frequency AC voltages. In either case, the delivery of power over the LAN infrastructure
does not interfere with data communications signals. The power voltages over the LAN
cabling are kept below 120 V peak and the current is limited in order to maintain
compatibility with safety standards such as UL 60950 and EN 60950.
Note also that the electrical power delivered over LAN cabling can be
transmitted using one or more spare pairs in the cable. Ethernet communications requires 2
pairs {4 conductors) to implement. If the cabling plant is EIA/TIA S68A compatible and
includes 4 pairs, than 2 pairs remain unused. The electrical power can be transmitted using
one or two of the unused pairs. In this case the power splitter and combiner are not

necessarily needed and direct injection and extraction of power can be implemented.
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i npl emented as an external standal one unit or integrated wth a network
el enent, functions to conbine an electrical power signal and a data
comuni cations signal to forma conbined power/data signal. The

descri pti ofretfatvef,0lif Q es .t he ext.ernal. power/data conbi ner as an
TTustrative oyacdl e oran Bl oo oS TiaP b B sty iths 16 alspiricas pawen |

to the i ntégiatedusimnirodicment? thf heaiowaridatea (fORDLNES %@&?tﬂiké’s_ ,
ref erenced 3 180, CR@%H ses line |Qterface circuitry 3181, filtering and
protection circuitry 3182° % 'BOwWEASippis F1sdidindluairaont robdkerdiagB86f aThe

l'ine intepfaeddai raptibiey Fil8 ¥oC PIRIHS eRcRichl Uhabki t¥Ofhd t ports. 3190 and
output pgrts 3188 and Cgr ovi dedg)v_ol fage i sol gti (L;lln 0)télteot \Rllleéeﬁg%él Icgzin%lﬂfcgn%{ﬁd
out put s. Bligs R p%’rt scripedopicsablye Wat povwetdatasi cgmalrsr f f.a6mi@nsh UWohder

swit ch. lObREE aPOf d:8erial A i ned. data pl us power. signal to
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3180 functions to inject the DC or AC power to each LAN channel.

The power/data combiner unit 3180 is adapted to accept electrical power from
ordinary building AC power, an UPS or from another power over LAN enabled device and to
distribute it to one or more network device connected thereto. Each output channel may
comprise an Ethernet channe! that carries data communications signals only, power signals
only or both data communications and power signals simultaneously. The power/data
combiner unit comprises circuitry that minimizes any disturbances to data communications.

The power supply 3184 is connected to a source of AC electrical power via
connector or cable 3192, Alternatively, the power can be received from another power/data

combiner unit. The power supply 3184 functions to provide the energy needed for the

operation of the power/data combiner unit 3180 itself and the total energy needed by the
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The filter and protection circuit 3 182 functions to permt the high
frequency data comrunications signal to pass uninterrupted and
transparently frominput to output. The <circuit 3182 prevents the | ow
i npedance output of the power supply fromattenuating the data

conmuni cati on i.an and pr.event i ions si.gnal: o (o el
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port such that other operational channels are, effected. The controller
3186, sui”%t%lﬁfl?fh‘ﬁr%‘@?‘é?if@d{%e FORBORHR o VBRI S8 T PrEUs BPStie Lhe

oper at i ogirQfic AES AGRABRANRMiBerWh MHidh HhguddeyRppiahRl §AEDpRRIcSHL 80 sandhihe
provide telemetry functions to an external management entity. The

cont rol | epwerusHPPligsnanc & Providenm hight @Ryt MPgdanga POWFE SEpHn &St kigh
either | ?r‘é@“eln)fi or remotely via the network. The controller pernmts online
modi fi cation 6f t he power being distributed to each channel. O her
functions incl ude Birgteufimcdperf irgileuehd amtetipocirduiigd @3 dohgrippliestingghs umed
by each _channe ny channel .fail ures and_an ai l S W thi

power | GaParE B AT pa i Rlcpllefe MR p2ct B St Gl shife o
power / dak&hCwitd iphiel mitimtimf ahdclhbdnfkd tymém thiesicddréfteted fivelspuntaimneat ioonal
LAN connectivity hub or, switch, e%bgr, 0, 100 or iOOO BaseT. The ig?ternal
power suPyF§it brkigecdeteron andyigi PRIty PISIEREHRS PR dISAEPNESERG PRI FO0O™ he

normal byl RRRERtTHRMmARchA B MENRIue ARYEE Hr&861dN6refddBE tov 818 SnayAelfixae or
interface circuit 1s inserted between the output port and the |nternal

net wor ki pepteslled viata pansgemens unisisiependingden theomplamrstagion end ceprfgigatinacel the
povor - sOsry. Al ipers®, GAE0 DECIALR 1102 it OE | DR BaR A el e
data pl usthpovierfagor gort sufhtiat otheregreatiodalehbodiseatotsfiested. t o reduce overal |
Syt oM COSt et e SRt SO P e B SO Yoy
SWi t ch. the operation of the components within the power/data combiner 3180 and to provide
telemetry functions to an external management entity. The controller functions to
communicate with a management unit connected either locally or remotely via the network.
The controller permits online modification of the power being distributed to each channel,
Other functions include status reporting such as reporting on the power consumed by each
channel, any channel failures and any failures within the power/data combiner unit itself.
In the integrated embodiment, the power/data combiner unit functionality is
integrated into a conventional LAN connectivity hub or switch, e.g., 10, 100 or 1000 BaseT.
The internal power supply of the hub is modified to support the increased load of the normal
tub operation and the remote power feeding functions. A line interface circuit is inserted

between the output port and the internal networking circuitry of the hub. In addition, the
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In either the external or integrated enbodi nents, the data being received
by the power/data conbiner is bidirectional transferred from each channel
input to its corresponding channel output. The power is injected into each
channel output port. The anount of output power allotted to each output
channel can be set independently. In addition, each output channel is self
pr ot ect edﬁéﬁﬁ@gr@d BREFHOTE PFeumy 1sadfcavierchoupid toolinti tntofise cruiitrhes thd Power
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si mul t aneously over the sanme cable wires and to separate the two signals

into a power signafUdie B eRpractsingwih. thesxtemah powesdgnalosbiree enttodiment,

f or war degyd Qdihie gm@&g}ﬁg i.ce.. Jhe two quiput signals c -
conprise two 'Separ at e cag?rgg%ﬁ(yr?ﬁlelg??gﬁogf}deﬁl Zx.n,m%%g“élglpoﬁé?ga’éﬁﬁtpﬁﬂﬁ%r -
power . TRt @&t be pablidedcobmment dwing herhal eperasond tist A5l 866 kAN RRbR (Shanhe!

dedi cat f a_co nications.. The power _cable connection serves to
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vol tage.f. I n ﬁddi tion, an AC/ DC or. DC/ vol tage converter can se o]
convert EEe; the ROWsE A Gembing wivedisronppitethedtmagad bewpet EANopareeindtdirects
speci fi ghd et haiRL Sk £O8 : wor k . device. 90 The power/data
splitter, generally rel?esr encetgt15 %‘%&g?‘%%‘ﬁid&%@sﬂﬂ fone"q ?ﬁ@??ea%‘gp“tc%'ﬂﬁ try
5202, flibs.hqthdlatmendpowecintmiti euprtvideB20fhe EveROIRS usseeyardaed hagQg and
a contrqQltef fs ,ﬁg%@emT{%&x plitter 3200 is nornmally connected between the

et rece |

LAN wal | out tf) e, for exanple, and the network device.

Functional |y, the Refsseiokdatr@ws plaiit tt6rFi3208 JEAckfishhQb » LLEIULNSYmSignal s
rom passi n ro (0} e power outpu resenting a ni | edance (0]
f p l2th Pghtthp tput by p ting hi gh d t
hi gh fr BRYEATARSPIGET S fob\wePaating misptrivatl pD@endimem  thie geraid scotronypdsationlr ough
and bl ofi&structure. As described previously, the power/data splitter functions to accept a LAN
channel at its input that carries both power and data simultaneously over the same cable wires
and to separate the two signals into a power signal and a data signal. Both these signals are
then forwarded to the attached network device. The two output signals can comprise two
separate cable connections, i.e., one for data and one for power. The data cable connection
behaves as a standard LAN data channel dedicated for data communications. The power
cable connection serves to drive the power loads with power extracted from the combined
mnput. The power/data splitter functions to isolate the input voltage from the output voltage.
In addition, an AC/DC or DC/DC voltage converter can be used to convert the input voltage

to one or more voltage levels to meet the specific requirements of the attached network
device. |
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conduction of high frequency noise fromthe power converter input to the
data channel. The line interface circuitry 3202 conprises a data plus power
i nput port 3210 and a data comruni cations only output port 3212. The
extracted power is output via power output port 3214. The line interface
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a conbi ned data pl us power ‘port. ltne interface circuit is inserted
bet ween tMVﬁrﬁm@EO%@frqepnarﬁhb tfcmgc mcteacrfdlfrqmetww ¢hanacland fpmt;@ﬂs thCPOeR. | n
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reduces t.he congl exi t%/(b ‘{wednetwor k. It reguires, however 4 &ati on
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assum ng that each network port and node sinultaneously _consunes the

maxi mum al | ocat ed JdeFaRIPERER4, |swtﬂéwdﬁ>rpzréwme§u@ﬁctwﬂﬁ>a@mlﬁ&%ﬂ% coRstRtd
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use of specia
functions to an external management entity. The controller functions to communicate with a

management unit connected either locally or remotely via the network. Other optional
functions include status reporting such as reporting on the power consumed by each channel,
any channel failures and any failures within the power/data splitter itself.

In the integrated embodiment, the power/data splitter functionality is integrated
into a conventional network device, e.g., IP or LAN telephone, portable or desktop computer.
The network device is modified to receive the combined power/data signal. The standard
LAN port and power port are replaced with a combined data plus power port. A line mterface
circuit is inserted between the input port and the internal network data and power in port. In
addition, the filtering and protection circuitry is added to couple the line interface circuitry to

the power supply. This integrated embodiment serves to reduce overall system cost, reduce
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cabling that is non standard for common LAN installations. Further, the
equi pnent used to inplenent such a power network would nost |ikely...
exceed the thermal and power specifications of standard networking

equi pnment cabi nets which are designed to hold stackable hubs, sw tches,

routers d i - {YR of. networ Kk nage t units, resulting in a
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turn, transfers telenetry and contro
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e.g., h rout er bri dges, sw tches, etc., my need to be bypassed in
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nodes, bewsr/dud Scomitindie Vit splilhe. %ls?r%&édcathrougf?%ﬁrth%h?Etv\'/o?k.squlé efepy a
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provisioning functions. The provisioning function allocates the available POWer Iesources, in
an analogous manner to network data traffic being managed, and serves to configure the
power path across the network from source to sink.

A network administrator is able to determine the systems method for Handling
those network ports that indicate no-load, overload or current leakage to earth ground. The
power to a faulty port can be shut down or limited to a desired value. Recovery from a shut
down state can be automatic based on port condition or can be done manually. Each port can
be configured individually in accordance with system setup configuration.

Note that each power/data combiner can be constructed to be managed
independently or via external control. Fach power/data combiner may comprise a dedicated
LAN data connection or it may comprise serial/parallel communications to a network host

system that, in turn, transfers telemetry and control data to the network LAN.
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network devices. In addition, LAN devices are typically useless unless they
receive both power and data comrunications at the sane tinme. The power
over LAN system of the present invention functions to maintain the flow of
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a LAN switch; and communi cation cabling connecting said plurality of nodes
to said switch for providing data comunication; said LAN switch being
operative to provide at |east sone power to at |east some of said
plurality of nodes via said communication cabling, said LAN switch
conprising: coupler circuitry coupling power into the conmmunication cabling
substantially without interfering with data communication; and current
limting circuitry connected to the coupler circuitry and controlling
current i&égr ed by the coupler circuitry into the comruni cati on cabli ng,
said cur mting circuitry being operative to provide a first current
limt |evel which 1is never exceeded, wherein the current limti ng
C|rCU|try er ve 1o ictg second curr limit |evel his
not excee eg‘pﬁg Vﬁé:h ef‘ﬂ%g el é’?é?ﬁ#ﬁ@a nﬁ@\‘ E&?OS?S ‘?’]i”ﬁ]éareg%’nﬁ?ﬁﬁe & ei n
the LANdW commaingationnyia semnmn'mam'em cablingie tre rsaidandwitchn e ILANI $witch

oper ati vg ﬁs1'n terrogate at |east one node to which it is intended to
transmt over the communication cabling in order to determne

whet her the C%ﬁ@’ dreugpyonptieg pewerdsioghe gemprunicatipn eadiling splstantialy svithohve

comuni GiveHBrinEwth A -commuMiddBbMOI accor ding to claim 111 wherein said
current limting.circuitry. is conn e .coupler ci rcuntry vi a

filter circGYFey lmiting cirg %r??ngﬁ"& Eﬁ ?Q}IPET&PIWPI’O afd sopfrplliag; errent r ent
limti nglehveredjbyﬂmdoaplemmm}emtd the ¢dmnamu4uicﬁ1rcablm uitry via filter
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threshold. 6. A | ocal “area network accor aim7T18 wherein a node
for which the nead{feein th?cﬂﬂffﬁ@*e‘ll@%@ée'agcuérxpﬁémra@wmwavxdﬁ ResemdEureniar ked

as an eXin€it Retl widkh ﬁgfbt tested@ider mbre ﬁaﬂmm@aletmgﬁ&bye@d%&infew tch serves a

plurality of Iocal r netﬁg ﬁﬁ&o es IlCh are. connected, for data

communi cation, vi &™ SBTteth Glsoy GOruRRiSes PPERT TarELtrREH otnd
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characteristics allow it to receive power over the communication cabling.

2. A local area network comprising:
a plurality of local area network nodes;
a LAN switch; and
communication cabling connecting said plurality of nodes to said switch for providing
data communication;
said LAN switch being operative to provide at least some power to at least some of said
plurality of nodes via said communication cabling, said LAN switch comprising:
coupler circuitry coupling power into the communication cabling substantially without
interfering with data communication; and
current limiting circuitry connected to the coupler circuitry and controlling current
delivered by the coupler circuitry into the communication cabling,
said current limiting circuitry being operative to provide a first current limit level which
is never exceeded,
wherein the current limiting circuitry is operative to provide a second current
limit level which is not exceeded for more than a predetermined period of time,
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into the communi cation cabling, including providing a first current limt
| evel which is never exceeded, and providing a second current |limt |evel
which is not exceeded for nore than a predeterm ned period of tineg;
wherein said LAN switch is operative to provide at |east sone power to at
| east some of said plurality of nodes via said comruni cation cabling, and
wherein the LAN switch also interrogates at | east one node to which it is
intended to transmt power over the comuni cation cabling in order to
det er m ne whet her he, node'.s acterl ics allowit to receive pomer
over the communi c&Pf oWRTEH) fhﬁg SEItehy "‘i%’t ROUPHE & AOWCh JANARETRER e¥d
conpr i sicogtrolpuray prrﬂlgveatopintﬁrmlgalteyat dfeaslt @falnode @@ WIsEWIr ik iteAdsl, toatrandidit
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oper ati \ﬂéanaotep$twsuauewattolrmYemOpcmhc comnmmch‘emstabhngve of said
plurality of nodes via said comunication cabling; coupling power into the
comuni cati on cabl i substantially without interfering with data

communi Gath Wowce%mgﬂewﬂa% 11duwhespin s qupsnlimising: pecwey i enmestedioi t ry
into theh@WbﬁmlwwlaﬁMIdraﬁﬁy! ncluding providing a first current limt

| evel which is never exceeded and a second current limt |level which is
not exceeded for nore than a predeterm ned period of tine, and wherein the
LAN swi tdclh abisrk ad:cerdingai elainal 10 edsteirsuid oodent tinivig ehciitry issconnedtenged to
transthp for QUEL: H#/Qfa t| on cabling in order to determ ne whether
t he node s aracter cs a |t to receive power over the conmmunication
cabling. 9. A met hod accordi ng to claim 148, al so corrpri sing connecting

current g A%&dl@.gsa%fv%fktaeabrdﬂg&é elraml m91 %bfén?ﬂ‘l@ ga%h%% 5&9011& ﬁo&eoup' er
Vi a circultry
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net hod é%@‘g‘feﬁllﬂﬁast'%g%s}éﬁ Wlege. a"%ﬂs§o @oﬁﬁﬂ%‘iﬂﬁ‘@“@ﬁrﬁ#@@?ﬁ ﬁ@m@ﬁ"{eﬂéﬂta Pi’(?ﬁ ting
ci rcui t mhiclpéy beingi mgsrﬁ)@mﬂ:dcmdr dekrmgiaig’ lhktheg thd endaoudl efoliahd Eubdedy a
perform 0 ?e%nfeﬁ%ﬁﬁg‘f@“p' ing, via filter circuitry. 11. A nethod

accordi r?g Viherein the interrogation of at |east one node
includes neasuring the voltage across the communication cabling connected
to a noge Ahoeh dréa Hégaﬂ{ d3td r sur ed
vol t age exceeﬁ‘Lh et e?m ne%é %Efragghﬁ?%g%%ﬁ ﬁg&eﬂ%o%ﬁ@??%d&%gs claim
151 wheraltagerxaerds aﬂ%ﬁ’ defgamenedithisshald inmadied a3 amgaemnalodiegs fed nodedet er ni ned
threshold is marked as an external voltage fed node.

7. A method whereby a LAN switch serves a plurality of local area network nodes which are
connected, for data communication, via communication cabling, to said switch, the method
comprising:
coupling power into the communication cabling substantially without interfering with

data communication; and

controlling current delivered by the coupling step
into the communication cabling, including providing a first current limit level which is never
exceeded, and providing a second current limit level which is not exceeded for more than a
predetermined period of time;

wherein said LAN switch is operative to provide at least some power to at
least some of said plurality of nodes via said communication cabling,

and wherein the LAN switch also interrogates at least one node to which it is
intended to transmit power over the communication cabling in order to determine whether

the node's characteristics allow it to receive power over the communication cabling.
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8. A method for serving LAN nodes comprising:

providing a plurality of local area network nodes, a LAN switch, and communication
cabling connecting said plurality of nodes to said switch for providing data communication,
said LAN switch being operative to provide at least some power to at least some of said

- plurality of nodes via said communication cabling;

coupling power into the communication cabling substantially without interfering with
data communication; and
controlling current delivered by the coupler circuitry into the communication
cabling, inchuding providing a first current limit level which is never exceeded and a second
current limit level which is not exceeded for more than a predetermined period of time,
and wherein the LAN switch also interrogates at least one node to which it is
intended to transmit power over the communication cabling in order to determine whether

the node's characteristics allow it to receive power over the communication cabling,.

9. A method according to claim 148, also comprising connecting current limiting circuitry
performing said current controlling, to coupler circuitry performing said power coupling, via
filter circuitry.

10. A method according to claim 147, also comprising connecting current limiting circuitry
performing said current controlling, to coupler circuitry performing said power coupling, via
filter circuitry.

11. A method according to claim 148 wherein the interrogation of at least one node includes
measuring the voltage across the communication cabling connected to a node which is being
interrogated and determining whether the measured voltage exceeds a predetermined
threshold.

12. A method according to claim 151 wherein a node for which the measured voltage
exceeds a predetermined threshold is marked as an external voltage fed node.
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