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EASTERN DISTRICT OF NEW YORK ‘ . ~
? .,l E Rr‘ ;t: SFE ‘;A
PowerDsine, Ltd., us. leT RO oy

UNITED STATES DISTRICT COURT | &\] C@ : I ( g

Civil ActionNo. X APR 27 3085 «
BROCKLYN OFFicE

Plaintiff,
-against-

Belden CDT Inc. and Red Hawk Network Essentials, COMPLAINTSEY &EE‘ M J
Inc. (Subsidiary of Belden CDT Inc.), JURY TRIAL DEMANDED ’

Defendants.

Plaintiff PowerDsine, Ltd. ("PowerDsine"), by and through its undersigned attorneys,
hereby complains of Defendants Belden CDT Inc. ("Belden") and Red Hawk Network

Essentials, Inc. (Subsidiary of Belden CDT Inc.) ("Red Hawk") as follows:

THE PARTIES

B S PowerDsine is a corporation organized under the laws of Israel, with its

principal place of business at 1 Hangar Street, Hod Hasharon, Israel. PowerDsine designs and
supplies integrated circuits, modules and systems that enable the implementation of Power-over-
Ethernet in local area networks ("LANs"). PowerDsine's wholly owned U.S. subsidiary,
PowerDsine, Inc., is a corporation organized under the laws of the State of New York with its
principal place of business in Farmingdale, New York.

2. Upon information and belief, Belden CDT Inc. is a corporation organized under
the laws of the State of Delaware, with its principal place of business at 7701 Forsyth Boulevard,
Suite 800, St. Louis, Missouri 63105. Upon information and belief, Red Hawk Network
Essentials, Inc. is a subsidiary of Belden with its principal place of business at 1405 South

Milpitas Boulevard, Milpitas, California 95035. Upon information and belief, PowerSense is a

~T ) IWN‘.’
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Division of Belden with its principal place of business at 1405 South Milpitas Boulevard,
Milpitas, California 95035.

3. Upon information and belief, Defendant Belden, through its subsidiary
PowerSense, and Defendant Red Hawk, among other things, make and sell Power-over-Ethernet
power distribution products including, but not limited to the "BL-6000 PowerSense™ 24 port

Modular Multiport InLine Power Hub."

JURISDICTION AND VENUE
4, This Court has jurisdiction over this matter pursuant to 28 U.S.C. §§ 1331 &
1338(a).
5. Venue is proper in this District pursuant to 28 U.S.C. § 1391(b) because, upon
information and belief, Defendants Belden and Red Hawk offer for sale and sell devices that

infringe, induce infringement, and/or contribute to infringement in this District.

FACTS

6. On October 29, 2002, the United States Patent and Trademark Office duly and
legally issued U.S. Patent No. 6,473,608 ("the '608 Patent"), entitled "Structure Cabling System."
(A copy of the '608 Patent is attached hereto as Exhibit A.) The '608 Patent issued to
PowerDsine Ltd. as assignee of inventors Amir Lehr, Ilan Atias, Dror Korcharz and David Pincu.

7. At all times relevant to this Complaint, PowerDsine has been the assignee of the
'608 Patent and has held the right to recover for any and all future and past infringement thereof.

8. PowerDsine markets and sells industry leading components that provide, among

other things, Power-over-Ethernet networks in accordance with the recently promulgated IEEE
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802.3af standard (the "802.3af standard"). PowerDsine's customers regularly incorporate
PowerDsine's 802.3af standard-compliant components into downstream Ethernet network
products sold on the open market. These products provide power and data over Ethernet
networks in compliance with the 802.3af standard. PowerDsine also markets and sells midspan
products that provide power and data over Ethernet networks.

9. PowerDsine, and anyone making, offering for sale, or selling any patented
product for or under PowerDsine, has given notice to the public that such product is patented by
affixing thereon the word "patent” or the abbreviation "pat.", together with the number of the
patent, or by fixing to it, or to the package wherein one or more of such products is contained, a
label containing a like notice.

10.  Defendants were notified that Defendants' products infringe, induce infringement
and/or contribute to infringement of the '608 Patent by correspondence on December 5, 2004 and

Defendants continued to infringe thereafter.

CLAIM ONE:
INFRINGEMENT OF U.S. PATENT NO. 6,473,608
11.  PowerDsine repeats and realleges each of the foregoing allegations as if fully set
forth herein.

12.  Defendants have infringed and continue to infringe one or more claims of Plaintiff
PowerDsine's United States Patent No. 6,473,608 under 35 U.S.C. § 271 by making, using,
selling, and/or offering for sale Power-over-Ethernet power distribution products covered by the
'608 Patent, including but not limited to the "BL-6000 PowerSense™ 24 port Modular Multiport

InLine Power Hub," without authority or license from Plaintiff PowerDsine.
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13.  Upon information and belief, Defendants' continued infringement of the '608
Patent has been and continues to be willful, wanton, deliberate and with full knowledge and
awareness of PowerDsine's patent rights and without license from PowerDsine.

14.  Plaintiff PowerDsine has no adequate remedy at law. Upon information and
belief, unless enjoined by this Court, Defendants will continue their acts of infringement to

PowerDsine's substantial and irreparable damage.

CLAIM TWO:
INDUCING INFRINGEMENT OF U.S. PATENT NO. 6,473,608

15.  PowerDsine repeats and realleges each of the foregoing allegations as if fully set
forth herein.

16.  Upon information and belief, Defendants have been and are actively inducing the
direct infringement of the '608 Patent by third parties by making, using, offering for sale, selling
or importing into the United States Power-over-Ethernet power distribution products covered by
the '608 Patent, including but not limited to the "BL-6000 PowerSense™ 24 port Modular
Multiport InLine Power Hub," when Defendants knew or should have known that their actions
would induce actual infringement. Upon information and belief, Defendants actually intended to
cause acts of infringement, and knowingly aided and abetted third parties' direct infringement of
the '608 Patent.

17.  Upon information and belief, Defendants' continued inducement of infringement
of the '608 Patent has been and continues to be willful, wanton, deliberate and with full

knowledge and awareness of PowerDsine's patent rights and without license from PowerDsine.
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18.  PowerDsine has no adequate remedy at law. Upon information and belief, unless
enjoined by this Court, Defendants will continue their acts of inducement of infringement to

PowerDsine's substantial and irreparable damage.

CLAIM THREE:
CONTRIBUTORY INFRINGEMENT OF U.S. PATENT NO. 6,473,608

19.  PowerDsine repeats and realleges each of the foregoing allegations as if fully set
forth herein.

20.  Upon information and belief, Defendants have been and are contributing to the
direct infringement of the '608 Patent by third parties by offering for sale, selling or importing
into the United States Power-over-Ethernet power distribution products, including but not limited
to the "BL-6000 PowerSense™ 24 port Modular Multiport InLine Power Hub," knowing the
same to be especially made for use in an infringement of the '608 Patent and not staple articles of
commerce suitable for a substantial non-infringing use.

21.  Upon information and belief, Defendants' continued contributory infringement of
the '608 Patent has been and continues to be willful, wanton, deliberate and with full knowledge
and awareness of PowerDsine's patent rights and without license from PowerDsine.

22.  PowerDsine has no adequate remedy at law. Upon information and belief, unless
enjoined by this Court, Defendants will continue their acts of contributory infringement to

PowerDsine's substantial and irreparable damage.
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PRAYER FOR RELIEF

WHEREFORE, Plaintiff PowerDsine respectfully requests that the Court:

A. Enter Judgment that Defendants have infringed, induced the infringement of and
contributed to the infringement of, the '608 Patent;

B. Permanently enjoin and restrain Defendants, their officers, directors, employees,
agents, servants, successors and assigns, and any and all persons and entities acting in
cooperation, privity or concert with Defendants, from further acts of infringement, inducement of
infringement, and/or contributory infringement of the '608 Patent;

C. Award PowerDsine damages, including lost profits, resulting from Defendants'
infringement, inducement of infringement, and contributory infringement, plus pre- and
postjudgment interest and costs, and increase said damages to three times the amount found or
assessed, as provided by 35 U.S.C. § 284;

D. Declare this an exceptional case within the meaning of 35 U.S.C. § 285, and
award PowerDsine its reasonable attorneys' fees, costs and disbursements in this action, and

E. Grant PowerDsine such other and further relief that the Court may deem just and
proper.

Dated: New York, New York
April 22, 2005

CHADB &P LLP

e

BY,_/ A A
~ (¥6seph A. CalvarusodC-9474)
Walter G. Hanchuk (WH-70956)
Kenneth S. Weitzman (KW-8125)
30 Rockefeller Plaza
New York, New York 10112
(212) 408-5100
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EXHIBIT A
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€] ABSTRACT

This invention discloscs a local ares network including a
bub, a plurality of nodes, communication cabling cannecting
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provide at least sorae operating power 10 a1 Jeast some of the
phurality of nodes via the communication cabling.
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STRUCTURE CABLING SYSTEM cation cancentrator and wherein the power supply distribu.
tor i3 also Jocated within the tub and includes & power
CROSS REFERENCE TO RELATED supply and & combiner, the combiner coupling power from
APPLICATIONS the power supply W the communication cabling which also

This spplication clsims the benefis of the filing date of *
U.S. Provisional No. 60/115,628, filed on Jan.
12, 1999. In addition, this application is a coatinuation-in-
part of U.S. application Scr. No. 09/293,343, filed on Apr.
16, 1999.

FIELD OF THE INVENTION

The prescat invention relates to structured cabling sys-
tems and more particularly to structurcd cabling systems
used in Jocal arca networks.

BACKGROUND OF THE INVENTION

Structured cabling systems sre well known foe nse in
institutional infrastructure. Such systems provide & standard-
ized yet floxible platform for s dynamic communications
cavironment. Typically structure cabling systems empl.oy
twisted coppet pairs which are installed in accordsnce with
prodetermined criteria. Structured cabling systems are con-
ventionally employed for telephione, data communications,
as well as for alarma, accurity and access control applics-
tions.

SUMMARY OF THE INVENTION

The present invention sceks to provide an enhanced
structured cabling system and local arca network employing
such a system.

There is thus provided in accordance with a preforred
embodiment of the present invention & local ares network
incinding a b, a plurality of nodes, communication cabling
connecting the plurality of nodes to the mb for providing 3.
data communicstion; and s power supply distributor opers-
tive to provide at least some operating power to at least some
of the plurality of nodes via the communication cabling.

Further in accordance with a preferred embodiment of the
prosent invention the commugication cabling inciudes st
least part of s structured cabling systom.

Still further in accordance with a preferred embodiment of
the present invention the power supply distributor is located
within the bub.

Additionally in accordance with a prefarred embodiment
of the present invention the power supply distributor is
located outside the bub.

Marcover in accordance with s preferred embodiment of
the present invention the power supply distributor is located
partially within the b and pertially outside the bub.

Sull further in accordance with a prefisrred embodiment of
the prescat invention the operating power supplicd by said
power supply distributor 10 st lcast some of said plurality
oodes via ssid communication cabling imhulu bu:kup
poWeL.

Add:mn:ﬂymmxdmwxﬂupnﬁmdembodimt
of the present invention the hub includes & dats commumi-
cation concentrator, the power supply distributor includcs &
combiner, and the communication cabling connects the datz
communication concentrator vis the combiner to the nodes.

SI further in accordance with a preferred embodiment of
the present invention the trob includes a dats communication
concentrator and wherein the power supply distributor is
also located within the tmb.

Additionally in accordance with 8 preferred embodiment
of the present inveation the hub includes & data communi-
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carries data from the data commmnication concentratos.

Prefersbly the data communication concestrator com-
priscs 8 LAN switch which functions as s data communi-
cation switch/repester.

Additionally in sccordsnce with a prefemred cmbodiment
of the present invention the plurality of oodes includes at
loast ane of the following types of nodes: wireless LAN
sccess points, emergeacy lighting system elements, paging
Joudspeakers, CCTV camerss, alarm scnsors, door coiry
scusors, sccess control units, laptop computers, IP
tolephones, hubs, switches, routers, manitors and memory
backup units for PCs and workstations.

Still further in accordance with a prefierred embadimeant of
the prescnt inveation the bub includes s dats comnrumication
concentrator the power supply distributor includes & com-
biner and a power sspply, the commuaication cabling con-
nmhdmmmmmmmtbmbmu
o the nodes, and the combiner includes s phrality of
couplems, each of which is connected to an output of the
power supply.

Further in accordance with a prefarred embodiment of the
present inveaticn the hub includes a data comamnication
mﬂmhm-nlydiuhmrimhkwom-

© the nodes, and the combiner comprises a plurality of
couplers and a plurality of filters, each coupler being con-
nected via s filter to an output of the power supply.

Still forther according to a preferred cmbodiment of the
prescnt invention Ibhubinchldu a data commrunication
concentrator, the power supply distributor includes s com-
biner and a power mpply, the communication cabling con-
nects the data communication concentrator via the combiner
to the nodes, and the combiner includes a plurality of
ouuplzumdlyhnhtyofﬂhmm:phnmyofmn
power allocation and reporting circuits (SPEARS), cach
coupler being connected via a fllter and 2 SPEAR 1o 2o
output of the power supply.

Momvwmawudmwwhhlpldemdcmbodimemot
the prescnt invention the bub includes & dats communication

concentrator, the power supply distributor includes a com-
biner and & power supply, and the power supply includes a
power failure backp facility,

Additionslly or altermatively the bub includes s dats
communication concentrator; the power supply distributor
includes a combiner and s power supply, the communication
cabling connects the data communication concentralor via
the combiner to the nodes, and the combiner comgpriscs »
plurality of couplems and a plurality of filters, cach coupler
being connccted via s filter to an output of the power supply.

Moresver according to & preferred embodiment of the
present invention the bub includes a data communication
concentrator, the power supply distributor includes s com-
biner and & power supply, the communication cabling con-
nects the data communication concentrator via the combiner
to the nodes, and the combiner includes s phunality of
couplers and s plurality of fillers and a plurslity of sman
power allocation and reporting circuits (SPEARs), cach
coupler being connected vis a filter and a SPEAR to an
output of the power supply.

Preferably the bub includes a data commmunication
cancantrator, tho power supply distributor includes a com-
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biner and a power supply, the communication cabling con-
nects the data commounication concentrator via the combiner
to the nodes, and the combiner includes a phurality of
couplers and & phorality of filters, cach coupler being con-
necied vis a filter to an output of the power sapply.

Additionally or altermatively the hub includes a data

conceatrator, the power supply distributor
includes a combiuer and & power supply, the communication
cabling connccts the dsta commmunication concentrator vis
the combiner to the nodes, and the combiner comprises a
pllmlilyofconplmllﬂaphrﬂnyotnmm.wmlny
of mmart power allocstion and reporting circuits (SPEARS),
sach coupler being connected via s filtor and 8 SPEAR to an
output of the power supply.

Proforably the bub includes a data communication
concentrataz, the power supply distributor includes a com-
biner and a power supply, the communication cabling con-
neots the data communication concentrator vis the combiner
to the nodes, and the combiner includes a plurality of
couplers and s plurality of filters, each coupler being con-
pected vis a filter to an output of the power supply.

Additionally or altermatively the hub includes a data
communication conccntrator, the power supply distributor
includes s combiner and & power supply, the communication
cabling connects the data communication concentrator via
the combiner to the nodes, and the combiner includes a
plunality of couplers and a plunality of filters and a plurality
of smart power sliocation and reporting circuits (SPEARs),
each coupler being connected via a filter and s SPEAR to an
output of the power supply.

Funbuinmrdmvmhapmfemdembodmmlofme
ymthvwnon&owmlymi:gmmm
provide clectrical power slong the ' cabling
wlthuul unacceptable degradation of the digital commman-

Stﬂlﬁm.hnrmweotdmwnhapubmddnbodlmontof
the prescat inventicn the comnmunication cabling compriscs
at Joast one twisted wire pair connected to cach node and
wherein power is transmitted over a twisted wire pair along
which data is also transmitied.

Preferably the bub includes s dsta communication
concentrator, the power supply distributor includes & power
supply interface sud s power supply, the communicstion
cabling connects the dats commmuicstion concentrator via
the power supply interface to the nodes, and power supply
interface includes a plunlity of filters and a phurality of
smart power alloostion and reporting circuits (SPEARs),
each filter being connectied via a SPEAR to an output of the
power supply.

Additionally in accordance with a preferred embodimeat
of the present invention the comnmnication cabling com-
priscs at least two twisted wire pairs cormected to esch node
and wherein power is transmiited over » twisted wire pair
differeat from that along which daia is transmitted.

Preferably the hub includes a data communication
concentrator, the power supply distribrioc includes a power
supply interface and a power supply, the communicstion
cabling coanccts the data commmynication concentratar via
lhcpuwurupplytmrbwbtbemda,mdﬂ:epow
supply interface includes a plurality of filters and a plurality
of smart power allocation and reporting circuits )8
cach filter being connected via a SPEAR to m output of the
power supply. ‘

Still further in sccordance with a preferred embodiment of
the present invention the hub includes a data communication
conceatratar, the power supply distributor inciudes a com*

b
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biner and a power ly, the communication cabling con-
pects the data concentrator via the combiner

to the nodes, the combiner includes a plurality of couplers
Mlphldi!yo!nuﬂludlplmmyotmmW
alincation and circuits (SPEARS), each coupler
being connectsd via a flter and 3 SPEAR to an cutput of the
power supply, and cach coupler has at Jeast two ports, one
of which is connected to a port of the data communication
concentrator and the other of which is connected, via com-
munication cabling, to one of the plurality of nodos.

There is also provided in accordance with a preferred
ombodiment of the present invention s local area notwork
pode for usc in & Jocal area nctwork including & bub, a
plonality of nodes, commrenication cabling connecting the
plurality of aodos to the bmb foc providing digital commu-
nication and a power supply distributor operative to provide
i least some oporating power to at Icast some of the
phnhtyofm&lvhﬂnhblnddleeomnniudon
cabling, the local area network node including a communi-
cations cabling interface receiving both power and data and
separately peoviding power to a node power input and data
to a node data input.

Furtber in sccordance with a preferred embodiment of the
preseot invention the commmaications cabling imterfacs is
internal to at least one of the plurality of nodes.

Still further in accordance with a preferred embodiment of
the present {nvention the communications cabling interface
is cxtemal to st least one of the plurality of nodes.

Additionally inmdmwvdlhnm&ncdembodmmm

opentive to provide electrical power along the communi.
cation cabling withomt unacceptable degradation of the

Still further in accordance with a peeferred embodiment of
&emmm&ewmmmﬂmuhlmslnduduu
Joast one twisted wire pair comnected to cach node and
wherein power is transmitted over a twisted wire pair along
which data is also transmited.

Additionally in accordance with 2 prefisered embodiment
of the prescnt invention the commrunication cabling incldes
st least two twisted wire pairs connected to cach pode sod
wherein i tranamitted over a twisted wire pair
diffarent from that along which data is tranamitted.

Preﬁmblythepownmlydnmmhopenﬂvem
pmvuleelwtrialpomdoutbcomumﬁonabﬁng
without unacceptable degradation of the digital communi-
cation.

Additionally the communication cabling may include at
least one twisted wire pair connected to each node and
whercin power is transaitted over & twisted wire pair aloog
which dats is also transmitted.

Further more in accordance with a preferred embodiment
of the present inveation the communication cabling includes
lllunmmmdwmpahmmedwuchmm
wherein power is transmitied aover a twisted wire pair
different from that along which dats is transmitted.

Preferably the power supply distributor is operstive to
provide eJectrical power along the communication cabling
without unacceptable degradation of the digital communi-
cation.

Funbrinnmdmwwhhumfrmdembodimmoftb
plusminvmﬁon communication cabling includes at
least onc twisted wirc pair connected to cach node and
wbumnpnwuntnmmadmuwmdmpmlbng
which data is also transmitted.
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Still further in accordance with a preferred embodiment of
the present invention the commrenication cabling incledos at
Icast two twisted wire paim commected to each node and
whercin power is transmitted over a twisted wire pair
differeat from that along which data is transmitted. .

Maoxoover in accardance with a preferred embodiment of
the preaent invention the hub includes a data communication
concentrator, the power supply dlitrbubr includes &
combinez, 2 mensgement and confrol unif and & power
supply, the communication cabling connects said data com-
munication concentrator via the combiner to the node, the
combiner includes a plurality of couplers and a plurslity of
fikters and a plurality of smart power allocstion and reporting
circuits (SPEARS), cach coupler being connocted via a filter
and a SPEAR to an output of said power supply, and the
SPEAR is apentive to report to the management and conirol
unit the current consumption of a node counecied thereto.

Further in accordance with a preferred embodiment of tho
present invention the tub includes a dats communication
conceatrator, the power supply distrbutor includes & com-
biner and a power supply, the communication cabling con-
nects the data communication concentrator via the combiner
to the nodes, the combiner comprincs & plurality of couplers
and 3 plurality of filters and a plunality of smert power
allocation and reparting circuits (SPEARs), each coupler
being connected via a filter and a SPEAR 10 an output of the
power supply, and the SFEAR is operative o Himit the
maximum current supplicd (0 a node connected thereto.

Altcrmatively sccording 1o 8 preferred embodiment of the
present invention the hub includes a data communication
coaceatrator, the power supply distributar includes a com-
biner and & power supply, the communication cabling con-
nocts the data communication concentrator vis the combiner
to the nodes, the combiner includes a plurality of couplers
and a plunlity of filtass and a plurality of smart power
allocation and reporting circuits (SPEARs), each ocoupler
being connccted via a filter and a SPEAR to an output of the

power supply, and the SPEAR is operative to' sutomatically
Mm-wmw&mdhhm“m
mtmdﬂnnfdbwhgehpoftmmublym
termined period of time,

Addxmnﬂlyhmtdnmwnhnpmﬁnﬁombmﬂmeﬁ‘
onhepmmlinwnﬁcnthchubmdudnl camudj
cation concentrator, the power supply di stor inchudes &
combiner and & power supply, the communication cabling
coanects the data communication concenteaior via the cam-
biner to the nodes, the combiner includes a plunality of
couplers and a pluratity of filiers and a plurality of smart
power allocstion and reporting circuits (SPEARs), cach
coupler being connected via a filter and 3 SPEAR to an
outpmofmopavarmpplxmdthcmuopenﬁwto
sutomatically discopnect power from a node comnected
thereto displaying an overcurrent condition following clapsc
of a programmably predetermined period of time and to
automatically reconnect the node to power thereafter when
it no longer displays the overcurrent condition.

Moreover in accordance with a preferred embodiment of
the present invention the rub includes a data communication
conceatrstor, the power supply distributor includes a com-
biner and a power supply, the communication cabling con-
nects said dats communication concentrator vis the cam-
biner to the nodes, the combiner includes a plunality of
couplers and a plurality of @lters 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 includes a

: :‘ft:.a—
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current sensor which recelves a voltage input Vin from a
power supply and gencratos & signsl which is proportional to
the current pessing therethrough, and & multiplicity of com-
parators recciving the aignal from the current seasor and also
m-mmwmmm
voltage saurces.

Pte&‘ublytlﬁn&mvohpmmmm-
mable reference voltage sources and recetve control inputs
from managerment & contro] cirouits.

Additionally the ontputs of the multiplicity of compara-
tors may be supplied t0 a current limiter and wwitch which
receives input voltage Vin via the current sensor and pro-
vides & current-limiled voltage output Vout.

Furthermore the outputs of the comparators arc supplicd
to managsment & control circuits to serve as momnitoring
inputs providing information regarding the DC current flow-
ing through the SPEAR.

Additionally in sccordance with & preforred embodiment
of the present invention the inb inciudes a data communi-
cation conoentrator, the power supply distributor includes a
combiner and & power supply, the communication cabling
connects the data communication concentrator via the com-
biner to the podes, snd the combiner includes a plurality of
couplers cach of which includes et loast & pair of
tranaformers, each having a center tap at & secondary thereof
via which the DC voltage is fed 10 each wire of a twistod pair
connected thereto.

Fusther in accordance with a preferred embodiment of the
present invention the hub includes a data communication
concentrator, the power supply distributor includes a com-
biner and a power supply, the communication cabling con-
nects the data communication concentrator via the combiner
to the nodes, and the combiner includes a plurality of
cuuplers each of which incindes at Joast one transformer,
which is characterized in that it inciudes a sscondary which
is split into two acparatec windiogs and 1 capacitor which is
wmmdbetwwnlhelwommwhdnpmdwhieh
offectively connects the two windings in serics for high
ﬁequmym:b.butenbcuwly isolates the two windings
for DC.-

Still further in accordance with & prefisrred embodimeat of
the mmmnnnthhlbmchdulwmmhdon
concsatrator, the power supply distributor inchudes & com-
bincr & power supply, the commuaication csbling connects
the data comnminication concentrator via the combiner 1o the
nodes, and the combiner includes & pair of capacitoes which
effcctively block DC from reaching the dats commuuication
concentrator.

Still further in accordance with & prefered cmbodimeat of
the present inveation the bub incldes a data communication
concentrator, the power sapply distributor includes s com-
biner and a powes supply, the communication cabling con-
nccts the dats communication concentrator via the combiner
to the nodes, and the combiner compriscs two pairs of
capacitors which effectively biock DC from reaching the
data communication concentrator.

Additionally in sccordsnoe with & prefemred crbodiment
of the prescnt invention the bub inchudes a data communi-
cation conceatrator, the power supply distributor includes a
combiner and & power supply, the communication cabling
coanects the data compunication concentrator via the com-
biner to the nodes, and the combiner includes a self-

capacitor-less and transformer-less common mode
counpling circuit.

Proferably the communications cabling interface includes
2 separator and a pair of transformers, each having & center
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tap at & primary thereaf via which the DC voltage is
extracted from cach wire of a twisted pair connected thereto.
Additionally or alicrnatively the communicstions cabling
interface includes a sepunator including st least onc
transformer, which is characterized in that it includes a 5
pnmuywhlehhlphlhmmnpunhwhdmpmda

munuﬁnhlghflvqucwymlhbﬂMdymm
the two windings for DC.

Furthermore the eommnicninm abll.ng interface
incindes a separator comprising a pair of capacitors which
cffoctively block DC from reaching a data foput of & node
connected thereto,

Additionally in accordance with s prefomred embodiment
of the present invention the communications cabling inter-
face inciudes a separator comprising two pairs of capacilors
whidwﬂwdvelyblmkDCﬁunmnﬁngldlhinputofl
node comnected thereto.

Additionally or alicroatively the communieutlnmclbﬂn;
interface includes s separstor includes a self-balancing
c_tptulm- and transformer-less common mode coupling

There is further provided in accordance with a preferred
embodiment of the present invention a Jocal area network
inclndinguhub a phinality of nodes, a communication

for operative to provido at lcast some opersting power to at
icast some of the plurality of nodes via the communication

cabling, the power supply distributor incinding power man-
agement functionality.

mlylbpuwrﬂpplydimﬂmmmhdunpawor
management & control unit which monitors and controls the
power supplicd to variouws nodes via the communications
cabling,

Addmomllyinwm:dmwnh-pnfnmd cmbahml
of the present invention the power supply distribuior
inchduamlmgemtwv:hmﬁmwhbhhm;ﬁwto
govem the operation of the power management & coutrol
unit,

Proferably the management workstation govemns the
openating of multiple power management & control unils.

Moreover in acconxdance with a preferred embodiment of 4“

the prescnt invention the power management & cootrol vnit
communicates with various nodes via a data communication
conceatralor thereby to govern their curreat mods of power
usage.

Further in accordance with a preferred embodiment of the
present invention the power managemeat & control unit
communicates with verious nodes vis control messsges
which arc decoded at the nodes and arc, smployed for
emlmllmgwhﬂmtnllorpmhlmmnﬁtympmded
thereat.

Sﬁ!lmnhnmwmnuwnhlmwmbodmmtof
the present inveation the power management & control vnit
scnscs that mains power to said powor sepply distributor is
10t availabls and sends a control message to cause nodes ta
openate in a backup ar reduced powear mode.

Preferably the node includes essential circuitry, which is
required for both fall functionality and reduced functionality
operstion, aod non-csecntial circuitry, which is not required
for reduced functionality operation.

There is also provided with yet another prefeered embodi-
ment of the present invention a local ares network power

ko
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power supply distributor to at least some of the plurality
nodes via the communication cabling includes backup

power.

Still further in accordance with a preferred cmbodimeat of
the present invention the hub includes a data communication
concentrator, the power supply distributor includes a
combiner, and the commmunication cabling connects the data
comnmunication concentrator via the combiper to the nodes.

Moreover in sccordance with a preferred embodiment of
the peesent inveation the hub includes a data communication
concentrator and wherein the power supply distributor is
also located within the hub.

Still further in accordance with a preferred embodiment of
tho present invention the bub includes a dats commrunication
concentrator and wherein said power supply distributor is
also located within the bub and includes a power supply and
a cambiner, the combiner conpling power from the power
supply to the comnmunicstion cabling which also carrics dats
from the data communication concentrator.

Preferably the combiner includes s plurality of couplets,
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, cach coupler being con-
nected vix » filter to sn output of the power supply.

Furthenmore the combiner mey also include s plurality of
couplers and a plurality of Sliers and a plunlity of smart
power allocation and reporting circuits (SPEARs), each
coupler being connected vis a filter and 2 SPEAR 1o an
output of the power supply.

Additionally in sccordance with a preferred embodiment
of the present invention the power supply distributor
mcmhnpowarnpply,mdﬂnmmpplyhchdun
power failure backpp fadility.

Mhﬂhrmmdmwl&hnm&nedombodimlof
the present invention the combiner inctudes a plurality of
couplers and a plurality of filters, each coupler being con-
nected viz a fiter to sa outpul of the power supply.

Prefezably the combiner includes a plurality of couplers
and a plurality of fillers and a plunlity of smart power
aliocation and reporting circuits (SPEARSs), cach coupler
being connected via a fllter and 2 SPEAR to ag output of the
power supply.

Mareover in accordsnce with a preferred embodiment of
the present invention the combiner includes a plurality of
couplers sud a plurality of filters, cach coupler being con-
nocted via a filter to an output of a power supply.

Additionally the combiner may also inciude a plurality of
couplers and a plurality of filters and ¢ phunality of smart
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power allocation and reporting circuits (SPEAR:). eich
coupler being connected via a filter and & SPEAR to an
output of the power supply.

Furthermore the combiner may also include & plurality of
couplers and a plurality of filters, each coupler being con-
nected via a filter to an output of & power supply.

Moxeover in accardance with a preferred embodiment of
the present invention the power supply distribulor is opers-
tive to provide cloctrical power along the communication

unacceptable degradation

Furtber in aocordance with a preferred embodiment of the
present invention the communication includes at
icast one twisled wire pair connected 1o esch node and
wherein power is transmitted over a twisted wire pair along
which data is also transmitted.

Preferably the power supply distributor inchudes a power
supply interface and a power supply, the communicetion
cabling connccts the data communicetion concentrator via
the power supply interface to the podes, and the power
supply interface includes a plunality of filtors and a plurality
of smart power allocation and reporting circuits (SPRARS),
cach filter being conoected vis a SFEAR to an output of the
power supply.

Additionally in accerdance with a preferred embodiment
of the preseat invention the communication cabling includes
at Jeast two twisted wire pairs connected to each node and
whercin power is transmitted over a twisted wire pair
different from that along which data is transmitted,

Moreover in accordance with a proferred embodiment of
the present iavention the hub includes s data communication
concentratar, the power supply distributor includes a power
supply interface and a power supply, the communicstion:
cabling connccts the data commrunication concentrator via
the power supply interface 10 said nodes, and the power
supply intarface incindes 2 plurakity of flters and a plurality
of smart power allocation and reporting circuits (SPEARs),
each filter being connected vis s SPEAR to an output of the
power supply.

Still further in accondance with a prefisrred embodiment of
the present invention the hub includes a data communication
concentrator, the power supply distributor inclades a com-
bincr and a power supply, the communication cabling con-
pects the data communication concentrator vis the combiner
to the nodes, the combiner includes a plurality of couplecs
and a plunality of fillers and a plunality of sman power
allocation and reporting circuits (SPRARS), each coupler
being connected via a filter and a SPEAR to an output of the
powunpply.-ndudwaupbrhuubmmmone
of which is coanected o a port of the data communication
concentrator and the other of which is coanscted, via com-
munication cabling, to one of the plurlity of nodes.

Additiopally in accordance with » prefierred embodiment
of the present invention the bub includes a date comnruni-
cation concentrator, the power supply distributor incindes &
combiner, a management and control unit and a power
supply, the communication cabling connects said data com-
munication coucentrator via the combiner to the nodes, the
combiner includes a plerality of couplers and a plorality of
filters and a purality of smart power allocation and reporting
circuits (SPEARS), cach coupler being connected via a filter
and a SPEAR to an output of the power supply, and the
SPEAR is operative to report to the management and control
unit the current consumption of a node connécted thereto.

Stilt further in accordance with a prefisreed émbodiment of:
the present invention the hub lndndu;dmuommumunni

la“.'.‘
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concentrator, the power sapply distributor includes a com-
biner and & power supply, the communication cabling con-
nects the dats communication concentrator vis the combiner
m&enodu,lhomimtim:duuplulmydwlm
and a plurality of filtecs and a phinlity of smart power
allocation and reporting circuits (SPEARS), each coupler
being connected via & Glter and & SPEAR to an output of the
power supply, and the SPEAR is operstive to limit the
maximum cusrest sapplied to & nade connectsd thereto,

Still further in sccordance with 8 preferred embodiment of
the present inveation the hub includes s data comnranication
concontratar, the power supply distributor includes a com-
binez and a power wpply, the communication oon-
nects the dats commuticasion concentrator via the combiner
to the nodes, the combiner includes a plurality of couplers
and a plurality of filters and a plunslity of smart power
allocation and reporting circuits (SFEARs), esch coupler
being connected vis & filter and 2 SFEAR to an output of the
power supply, and the SPEAR is operative to sutomatically
disconnect & node comected thereto displaying an overcur-
reat condition following elapse of a programmably prede-
termined period of time.

Additionally tn accordancs with a preferred cmbodiment
ofthepmcntinvenﬁonthhblmhduldlhwmmuni

biner to tho nodes, the combiner includes a plurality of
mphamdlphnhtydﬂlhladlphnhyollnm
power allocation and reporting circuits (SPEARs), each
mpuxbuqeonmcbdvhaﬂlmmdlsmwm
output of the power supply, and the SPEAR is operative to
automatically disconnoct power from a node counected
thereto displaying an overcurrent condition following elapse
of » programmably predetermined perind of time and to
automatically reconnect the node to power thercafter when
it no longer displays the overcurrent condition,

Still further in accordance with a preferred embodiment of
the present invention the bub includes s dats communication
cancentrator, the power supply distributor includes a com-
biner and a power supply, the communication cabling con-
nects the dats communication concentrator via the combiner
to the nodes, the combiner includes a plurlity of couplers
and o plurality of filters and a plunality of smart power
allocation and reporting circuits (SPEARS), each coupler
being connected vis a filter and a SPEAR to an output of the
power supply, and thc SPEAR includes a current scusor
which reccives a voltage input Vin from a power supply and
generates o signal which is proporticnal to the current
passing therethrough, and a multiplicity of companators
receiving the signal from the cerrent sonsor and also recciv-
ing » reference voltage Vief from respective reference
voltage sources.

Preferably the reference valtage sources are program-
mable reference voltage sources and receive control inputs
from mansgement & control cirouits.

Additionally the outputs of the multiplicity of comp
mmyhmﬁdbnmﬁmﬂummuwhch
recejves input voltage Vin via the current sensor and pro-
vides a current-limited voltage output Vout.

Furthermore the outpus of the comparstors may be
mﬂedbmumm&wmlmmbmu

toring inpuw providing information regurding the DC
cusreiit flowing through the SPEAR.

Still fusther in accordance with & peeferrod embodiment of
theptmntmmhonthshxb!ndtﬂundlhcomumaﬂm
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concentrator, the power supply distributor includes a cam-
biner and a power supply, the communication cabling cun-
nects the dats communication concentretor vis.the combiner
to the nodes, and the combiner includes plurality of couplers
oach of which includes at loast a pair of transformers, each
having a ceater tap at a secondary thereof via, which the DC
volhgauhdbud:wmof;twhbdpmmd
thereto,

Addnbndlymmdwwiﬂnlmfemdembmﬂml
of the prosent invention the imb includes » data communi-
aﬂmmmmhmrmpplydmmhdndua
combiner and a power supply, the communication cabling
conncets the dats communication concentrator via the com-
biner to the nodes, and the combiner includes a plurality of
couplers each of which includes at least cne tranaformer,
which is characterized in that it includes & secondary which
is split into two scparste windings and a cspacitor which is
coanected between the two scparste windings snd which
effectively connects the two windings in series for high
frequency signals, but effectively isolates the two windings
for DC.

Further in aocordance with a preferred embodiment of the
present {nvention the hub includes s dats commumication
concentrstor, the power supply distributor includes & com-
biner and a power supply, the communication cabling con-
nects the data communication concentrator via the combiner
1o the nodes, and the combincr includes a pair of capacitors
which cffectively block DC from reaching the dats commu-
nication concentrator.

Still frtber jo accordance with a preferred embodiment of
the present inventinn the hub includes & data communication
conceatrator, the power supply distributor includes a com-
biner and a power supply, tho communication cabling con-
nects the dats communicstion concentrator vis the combiner
10 the modes, and the combiner comprises two pairs of
capacitors which effectively block DC from reaching the
dats communication concentrator.

Addmoullymwcuxdmwnhapnﬁmdembodxml
of the prescnt invention the bub includes s dats commmui-
cation coocentrator, the power supply distributor includes a
mhmundapowumply.themmﬁmhmnblmg
connects the data communication concentrator via the coni-
bhubthcmdu,:dtbmhmcoﬁpmcwlf-
blhnmnaclplabrbu Mkmﬁ!muqﬂ?mmmode

mesnblyﬂmpowumpplydimﬂmlothdmhspowu
management functionality.

Myhmn@ﬂydmrmymmaa
power menagement & control unit which monitors and
controls the power supplied to various nodes vis the com-
munications cabling.

Furthermore the powor supply distributor may include a
management workstation which is operative to govern the
operation of said power management & control unit.

Furthermore in accordance with a peeferred embodiment
of the present invention the management workstation gov-
crus the operation of multiple power management & control
units.

Preferably the power management & control unit com-
municates with various nodes via a data communication
concentrator thereby to govem their current mode of power
usage.

Additionslly in accordance with a preferred embodiment

of the present invention the power management & control
unit communicates with various nodes via control messages

15

30

33

40

45

[

12
which are decoded at the nodes and are employed for
controlling whetber full or partial functionality is provided

\ the power management & control umit scuses
that powwlothpnwnpplydhuibnmhuot
nvaﬂubkmdundllemnnlmmummdum
operstc in a backup or reduced power mode,

: Furthermore the node includes casential circuitry, which
is required for both fall functionality and reduced fanction-
ality operatinn, and non-essential circuitry, which is not
required for reduced functionality operation.

BRIEF DESCRIFTION OF THE DRAWINGS

neymtmvenhmwﬂlbcundomooduﬂlypmamd
more fully from the following detailed description, taken in
conjunction with the drawiogs in which:

FIGS. 1A and 1B are simplified block diagram illustra-
tions of two alternative embodiments of » local arca network
including a power supply operative to provide clectdcal
pawer to local srea petwork nodes over communication
cabling constructsd and operative in accordance with one
preferred embodiment of the present invention;

FIGS. 2A snd 2B are simplified block disgram illustra-
tions of two alternative smbodiments of a local arca network
including & power supply operative 1o provide eloctrical
power to Jocal area petwork nndes over communication
cabling constructed and operative in accordance with
another preferred embodiment of the present irvention;

FIGS. 3A & 3B wre simplificd block diagrams of hubs
uscful in the embodiments of FIGS. 1A and 1B respectively;

FIGS. 4A & 4B are simplified block diagrams of bubs snd

power supply subsystems usaful in the embodiments of
PIOS 2A & 2B respectively;

FIG. § is a simplified block disgram iliustration of a smart
power allocation and reporting circuit vacful in the embodi-
ments of FIGS. 3A, 3B, 4A and 4B;

FIQ. 6 is a simplified schematic illustration of the embodi-
ment of FIG. §;

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

FIGS: 8A~80 aro simplified block diagram and schematic
ilinstrations of varicus embodiments of a combiner nseful in
the embodiments of FIGS. 3A and 4A;

FIGS. 9A-9G are simplified block diagram and achematic
illustrations of various cmbodiments of & soparator useful in
the embodiments of FIGS. 1A, 2A & 7A in combination with
combiners of FIGS. 8A-8G;

FIGS. 10A & 10B are simplified block diagram iltustra.
tions of two alismative embodiments of a communications
network including power supply and management over
commenications cabling constructed snd operstive in accor-
dance with a preferred embodiment of the present inveation;

FIGS. 1A & 1B are simplified block disgram illustra-
tions of two alternative embodiments of a local area network
including power supply snd management uait operative to
provide clectrical power to local arca network nodes over
communication cabling;

FIGS. 12A & 12B aro simplified block diagram illustra-
tions of a bub useful in the embodiments of FIGS. 10A &
10B respectively;

FIGS. 13A & 13B are simplified block diagram iltustra-
tions of & bub snd & power supply and management sub-
system useful in the embodiments of FIGS. 11A & 11B
respectively;
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FIGS. 14A & 14B are simplified block diagrams of two
different node configurations vseful in the embodiments of
FIGS. 10A, 10B, 11A & 11B;

FIG., 1S s a simplified block disgram of & node configu-
ration which combines the features shown in FIGS. 14A &
14B;

FIG. 16 is a genenalized flowchart ifustrating power
management in both normal operation and reduced power
modea of the networks of FIGS. 10A, 10B, 11A & 11B;

FIG. 17 is a geveralized Sowchart {llusirsting one step in
the flowchant of F1G. 16;

FIGS. 18A and 18B together are & generalized flowchart
illustrating a preforred embodiment of the interrogation and
indtial powor supply functionality which appears in FIG., 17;

FIGS. 19A, 19B, 19C and 19D e flowcharts
exch illustreting ouc possible mechanism for full or no
functionality operation in an involuntary power manage-
ment step in the flowchart of FIG. 16;  ~

FIGS. 20A, 20B, 20C and 20D aro generalized fiowcharts
each illustrating onc possible mechanism for.full or reduced
functionality operation in sn involuntary power manage-
ment step in the flowchart of FIG. 16;

FIGS. 21A, 21B, 21C and 21D are flowcharts
each illustrating one passible mechanism for node initiated
slccp mode operation in a voluntary power management step
in the flowchart of FIG. 16;

FIGS. 22A, 228, 22C and 22D wre genenlized flowcharts
each illustrating one possible mechanism for lmb initiated
slesp mode operation in a voluntary power management step
in the flowchart of FIG. 16;

FIGS. 23A, 23B, 23C and 23D arc gensralized flowcharts
cach {llustrating one possible mechanism for full or no
functionality prigritized operation in a volntary power
management step in the Bowchart of FIG. 16; and

FIGS. 24A, 24B, 24C and 24D) are geoenalized flowcharts
cach illustrating ons possible mechanism for fall or reduced
functionality prioritized operation in a voluntary power
management siep in the fowchart of FIG. 16.

DETAILED DESCRIFTION OF PREFERRED
EMBODIMENTS

Reference is now made 1o FIG. 1A, which is & simplified
block disgram fllustration of a Jocal area network con-
structed and operative in accordance with a preferred
embodiment of the present invention. As soen in FIG. 1A,
there i provided a local arca network (LAN) a
bub 10 which #s coupkd, by cabling 11, prefersbly a
structured cabling system, to s phurality of LAN nodes; such
as a deskiop computer 12, 2 web camera 14, a facsimile
mdﬂmlﬁ,ulANmbphma.ﬂmhmmnmn’mb-
phons 18, » computer 20 and a server 22.

Cabling 11 is preferably conwntnnﬂlANcubhna Inv-
ing four pairs of twisted copper wires fogether under:
loommonjachl.lnﬂumbodmcntoﬂ’m }A,uwﬂlbo
described hereinbelow, at least ane of the pairs of twisted
wppuwuulemployedbrmmmmgboﬁdmmd
electrical power 1o nodes of the network. Typically two ssch
pairs are employed for transmitting both data and cleotrical

power along each line connecting a hub o exch node, while
mmchpdraniudmnnlymdlﬁ)unhp&hmﬁn-
taincd as s sparc and carries neither dats nor power.

In accordance with s preferred cmbodiment of the proscat
invention there is provided a power supply sebsystem 30
which is operative to provide at lssst some operating or
backup powez to at least some of said plunlity of nodes via

23

14
the hub 10 and the communication con the
trub to various LAN nodes. abiing consectig

In the {llustrated cmbodiment of FIG. 1A, subsystem 30
is Jocated witkin the brab 10 and inchudes s power supply 32
which supplies operating power and/or backup power 1o
various LAN nodes via the communication cabling. The
comnmunication cabling comuocts a LAN switch 34 vis s
combiner 36 to the vardous LAN nodes, The combiner
couples eleotrical power from the power supply 32 along the
communication cabling to at Jeast some of the LAN aodes.
Bidirectional data communications from LAN swich 34
g:-lhwghthewmbdm“.wdlywhhwlhm

rence.

It is scon that the commmmnication cabling 11 from the brub
10 to the deskiop computer 12, facsimils machine 16 and
computer 20 carriss both data and backup power, whils the
communication cabling from the tub 10 to the ub camera
14 and LAN telephone 18 carrics both data and operating
power and the communication cabling from the bub to the
server 22 carrice only data, in a typically LAN amrangement
constructed and operative in accordance with a preferred
embodiment of the prescat inveation.

It is a purticular feature of the embodiment of FIG. 1A that
both dats and power arc carried on the same twisted copper
pair.

It is appreciated that each of the LAN nodes 12-20 which
receives power aver the communication cabling includes &
scparator for scparsting the cloctrical power from the dats.
In the fitustrated embodiment of FIG. 1A, the scparstors arc
typically internal to the respective nodes and are not sepa-
rately designated, it being appreciated that alterastively
discrete ssparatars may be employed.

Reference is now made to FIG. 1B, which is a simplified
block disgram ilhustration of s locsl arca network con-
strectad and operative in accordance with another preferred
embodiment of the presont ioveation. As seea in FIG. 1B,
there is provided a local ares network (LAN) comprisiog a
hub 60 which is coupled, by cabling 61, preferably s
structured cabling system, 1o & plurality of LAN nodes, such
as a desktop computer 62, a web camera 64, a facsimile
machine 66, a LAN talephone, also known as an [P tele-
phone 68, a compuier 70 and s scrver 72.

Cabling 61 is preferably conventional LAN cabling bav-
ing four pairs of twisted copper wires cabled togetber vader
.comonjldm.lnmumbodimunlofl'lo 18, in contrast
to tho arrangemeant described above with respect 1o FIG. 1A
and as will be described hereinbelow, at least ane of the paim
of twistcd copper wires is employed only for transmiiting
electrical power to nodes of the network and at lesst onc of
the pairs of twisted copper wires is employed only for
transmitting data. Typically two such pairs are emplnyed for
transmitting data only and two ssch pairs arc employed only
for supplying clectrical power along cach linc comesting &
lnbwudlnodc

In accordancs with a preferred embodiment of the preseat
invention there is provided a power supply subsystem 80
which {5 operative to provide st lcast some operating or
baciup power to at keast some of said plurality of nodes vis
the bub 60 and the communication cabling 61 connecting the
hub 1o various LAN aodes.

In the llustrated embodiment of FIG. 1B, subsystem 80 is
Jocated within the b 60 and incledes a power supply &2
wiich supplics opersting power and/or backup power to
various LAN nodes vis the communication cabling. The
communication cabling connects a LAN swiich 84 via a
power supply interface 86 1o the various LAN nodes. The
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the power supply 83, along twistcd pairs of the commuu-
eﬁonaﬂingﬂwhbhmwwdhwryhgduu,hal
least some of the LAN nodes. Bidirectional dats comumund-
cations from LAN switch 84 pass throngh the power supply
interface 86, substantially without interfarence.

It in scen that the communication cabling 61 from the hub
60 1o the desktop computer 62, facaimile machine 66 and
camputer 70 cartics both dats and backup powor along
soparato twisted paire, whils the communication cabling 61
fmmmehubﬁomlhshnbmmﬂmwm
68 carrics both data and power slong scparstc
Wmndlbmmnbaﬂonabﬂuslmmv
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.

It is a particular feature of the embodiment of FIG, 1B that
data and power are carricd on sepanuic twisted copper pairs
of cach communicstion cabling linc.

It is approciated that each of the LAN nodes 62-70 which
receives power over the communication cabling 61 iochudes
1 connector for connecting the twisted pairs carrying elec-
trioal power o a node power supply and soparatcly connect-
ing the twisted pairs carrying data to a data input of the node.
In the illustrated embodiment of FIG, 1B, the connectors are
typically interal to the vo nodes and are not seps-
rately desiguated, it being apprecisted that alicroatively
discrete connectors may be employed.

It is appreciated that FIGS. 1A and LB illusteates two
embodiments of a system providing electric power to piural
LAN nodes viz a hub and communication cabling connect-
ing the hub to various LAN nodes. Anothér two ambodi-
mnbof:lymmvﬂbgehwhmbpludm
podes vis & hub and communication csb! the
hub to varions LAN nodes are iltustrated in FIGS. 2A & 2B.
FIGS. 2A & 2B illustrate a local area network including a
power supply operative to provide clectrical power to local
arca network nodes over comnrunicstion cabling.

In the {llustrated embodiment of FIG. 2A, a conventional
bub 100 does not provide eloctrical power over the com-
munication cabling 101 and a power supply subsystom 130
iz located externally of hub 100 and includes a power supply
132 which supplics operating power and/or backup power to
various LAN nodes via the communication cabling 101. The
communication cabling comects a LAN switch 134 of
coaveational hub 100 10 a combiner 136 in power supply
subsystern 130 and connects the combiner o the various
LAN nodes. The combiner 136 provides clectrical power
from the power supply 132 along the communication
cabling 1o at Jeast some of the LAN nodes. Bidirectional data
communications from LAN switch 134 pass through the
combiner 136, substantially without interference.

Cabling 101 is preferably couventional LAN cabling
baving four pairs of twisted copper wires cabled together
under a common jacket In the embodiment of FIQ. 2A, s
will be described bereinbelow, at least one of tho pairs of
lwmdwpperwuuuemployedbrmmlﬁwbmﬁduu
and clectrical power to nodes of the network.
such paims arc employed for transmitting both dlllllld
electrics] power along each line connecting the power
supply sub-system 130 to cach node, while one such pair
carries data only and a fourth pair is meintained as a spare
and carrics neither data nor power.

It is sccn thst the communication cabling 101 from the

powec supply sub-systom 130 to the deaktop computer 112,

45

"
“w

68

Ithupuﬁmlnﬁmnohhembod:mentofﬂd 2Athat
bothdlhmdpowmmudunlheumetwhedwppn

lnlhsilh:dntedenﬂ:odimen!ofl’lG.ZA.udloitb
LAN nodes 112-120 which receives power is

cxiernal separstors associsted with respective nodes

112-120 are designated by respective reforence aumbers
142-149, Each such separator has a communication

It is sppreciatod that in addition to the LAN nodes
described hereinabove, the present iavention is useful with
any other suitable nodes such as, for cxample, wireless LAN
soocss points, cmergency lighting system elements, paging
loudspeakers, CCTV cameras, alarm sensors, door entry
sensors, access contral unfis, laptop computers, notwork
clements such as hubs, switches and routers, monitors and
maybwkupmihbrl’(hmdwwhﬁnu

In the {Tlustiated cmbodiment of FIG. 2B, a conveational
hnblsommpwldeohmalpowmrmecom-
pmnication cabling 181 and a power supply subsystem 180
is located extemnally of bub 150 and includes a power supply

communication csbling connects a LAN switch 184 of
conventional bub 150 to a power supply interface 18§ in
power supply subsystem 180 and connects the power sspply
interface 186 to the various LAN podes. The power supply
interface distributes electrical power from the power supply
182 along the commmaication cabling to at loast some of the
LAN nodes. Bidirectional data communications from LAN
swiich 184 pass through the power supply interface 186,

Csbling 151 is preforsbly comventional LAN cabling
having four pairs of twisted copper wires cablad togsther
under a comman jacket. In the embodiment of FIG. 2B, in
contrast 1o the srangement described sbove with rospect to
FIG. 2A and ss will be described bereinbelow, at least one
of the pairs of twisted copper wires is employed oaly for
transmitting electrical power to nodes of the network and at
least one of the pairs of twisted copper wires is employed
only for transmitting dats. Typically two such pairs arc
employedﬁnlnmmdnuonlymdtwowchplhm
employedmlyhmlyinz power along esch

ltnmhntbmmmuubhumﬁomm
bub 150 to the desktop computer 162, facsimile machine 166
and computer 170 carrics both dsta and backup power, while
the communication cabling from the hub 150 to the hub
camen 164 and LAN wlephone 168 carrics bath data and
operating power and the communication cabling from the
trub 150 to the server 172 cardies ouly data and may, but nced
notpl.dimughluhyﬂcmm in a typically LAN arrange-
ment constructed and operative in accordance with a pre-

ﬁmmilomchnel.l‘mdcomwlarmdmubomdan bntdembodmomoithsmntinvnndm
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lmnpamuﬂnfﬂmothmbod(mmofﬂa ZBllnt

input- md

nodes
162-170 may be provided with cxternal connectors.

It is appreciated that in sddition to the LAN nodes
desczibed bereinabove, the invention is uscful with

typicall
mmnplmmyofmphnm cach of which is
counccied via a filter 222 to & smart power sllocation and
reporting circuit (SPRAR) 224. Bach SPEAR 224 is con-

Each coupler 220 bas two ports, one of which is prefer-
ably connected to & port of LAN switch 34 and the other of
which is preferably connected, via commupication cabling,
to 2 LAN node.

Couplers 220 are prefersbly operative to couple electrical
power to the communication cabling substantially without’
mtufnnngwﬂhtbdlucommuniadonmbng i

Fﬂm:mmpwhnblyopenﬂwbgvpldum
{nterport aud intorpair coupling, commoply known s
“un-u]k'uﬂmblnckmﬁbmtbmrnpplyaz

couplers 220, the filters 222 and the SPRARs 224,
Reference is now made to FIG. 3B, which is a simplified
block diagrem of a hub, such as hub 60, usefnl in the
cmbodiment of FIG. 1B, Hub 60 prefcrably compriscs a
conventionsl, commercially svailable, LAN switch 84

interfaco 86 typically compriscs & plurality of Altems 272,
¢ach commected to a smart power allocation and reporting
circuit (SPEAR) 274. Esch SPEAR 274 is connocted to
power supply 82 for receiving electrical power therefrom. It
is apprecisted that power supply 82 may be physically
located externally of the bub 60. Power supply 82 may be
provided with & power failure wch a8 2
p 3 backup facility,

Filters 272 are preferably operative to avold unwanted
interport coupling, commonly known as “crosstalk” and to

§

!
Sk

R

40

43

55

18
biock noise from the power supply 82 from reaching the
communication csbling.

A central managemeat snd control subsystem 276, typi-
cally embodicd in s microcontroller, preferably controls the
operation of the power spply 82, the LAN switch 84, the
filters 272 and the SPEARSs 274.

" It i sean that in the ombodimeat of FIG. 3B, couplers are

nolplwidedinnmd:ummddm“ekmma
ovor soparato twisted paims. The data carricd on conductors
via the pawer supply interface is substantially unaffected by
the operation of the power supply intecface,

Reforence is now made to FIG. 4A, which is s simplified
block diagram of trab 100 and the power supply subsystem
130 employed in the enbodiment of FIG. 2A. Hub 100
proferably comprises a3 conveational, commercially
svailable, LAN switch 134 which functions as a data com-

Inmhgpmdmmlywhym 130. Combincr 136
y compriscs s phurality of couplers 320, cach of
is connected via a filter 322 to a smart power

lllncaﬁonudropo:ﬁngdmn ) 324. l!nl:hSl’ﬂAR

mhconnecbdwpomnpp 132(FIG 2A) for receiv-

supply 132 msy bo physically located cxternally of the
pawer supply subsystem 130. Power sapply 132 may be
provided with a power failure bacimp facility, such as a
battery connection.

Each coupler 320 has two ports, oue of which is prefer-
ably connected to s port of LAN switch 134 and the other of
which is prefiersbly cannected, via communication cabling,
1o a LAN node.

Couplers 320 are preferably operative to couple electrical
power 1o thc communication cabling substantiaily without
interfering with the data communication thereslong.

Filtors 322 are preferably operative to avoid unwanted
interport and interpair compling, commonly kaown as
“crosstalk” and to block poise from the power supply 132
from reaching the commuuication cabling.

A central mansgement and control subsystem 326, typi-
cally embodied in a microcontroller, praferably controls the
opu:ﬁoﬂoflhepownpplym the couplers 320, the
filters 322 and the SPEARs 324.

,Re&lenuunbwmndeloﬂe 4B, which is a simplificd
bb&dhmofhubl’.lnd&epumwpplynhmm

180 employed in. the embodiment of FIG. 2B. Hub 150
proferably comprises s cooveational, commercially
available, LAN switch 184 which functions as 2 data com-
munication switch/ropeater and is coupled to power supply
Interface 186 forming part of power supply subsystem 180.
Power supply intecface 186 typically comprises s plurality
of filters 372 each coupled to a smart power allocation and
reporting circuit (SPEAR) 374, Each SPEAR 374 &s con-
nected to power supply 182 (FIG. 2B) for recciving clec-
trical power therefrom. It is appreciated that power supply
182 may be physically Jocated extermally of the power
supply subsystem 180, Power supply 182 may be provided
with & power faflurc backup facility, such as & battery
connection.

Filters 372 are preferably operative to avoid vowanted
interport and interpair coupling, commonly known as
“crosstalk” and to block nolse from the power supply 182
from reaching the communication cabling.

A centrs] mansgement and control subsystem 376, typi-
cally embodicd in a microcontrolles, preferably controls the
openation of the power supply 182, filters 372 and the
SPEARs 374,
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It is seen that in the embodiment of FIG. 4B, couplers are
oot provided inasmuch as power and data arc trsusmitted
over scparsic twisted pairs. The dats carrizd on conduciors
vnthepownpplymedm.whllnm]lym&mdby
the operstion of the powsr supply interface.

hnammchmdﬂmpuwernpplyaz(ﬂ(} 3A), powe
supply 82 (FIG. 3B),powermpplym(FlG.4A)lldpow
supply 182 (FIG. 4B) provide output power to SFEARs 224
(FIG. 3A), SPEARs 274 (FIG. u).m(no 4A) and 374
(FIG. 4B) respectively alang a pair of conductors, ons of
which is designated as 2 positive conductor and indicated by

(+) and the other of which is designated as 1 negative
ouudummdindimadby(—) The voltages supplied to the
respective positive and oegative conductors arc designated

xupocuvely-+Vinmd-Vin.Thedﬂumceﬂmohmn
is designated as Vin.

Reference is now made to FIG, 3, which is & simplified
block diagram illustration of a amart power allocation and

circuit (SPEAR) 400 useful in the cmbodiments of
FIGS. 3A, 3B and FIGS. 4A, 4B particalarly when DC
current is coupled to the communication cabling. .

SPEARMMI:lyoompdnulmmmm
which receives a voltsge input +Vin from a power supply
and gencrates a signal which is proportional to the current
The power uzply 33 (FIG. 3&&%—3?5,132@0““

power ly 4A)
or 182 (FIG. 4B)plvﬁdu¢volllpouw—\bltwhidliz
fypically vochanged from voltage input ~Vin,

The output of current sensor 402 is supplicd to a mrulti-
plicity of comparators 404 which also receive respective
reference voltages Vref from respective programmable ref-
erence voltage sources 406, typically implemented in A/D
convericss. Prognmmable 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. Aliernatively, voltage sources
406 need not be programmable,

The outputs of comparators 404 arc supplicd to a current
Limiter and switch 408 which reccives input voliage Vin via
the current sensor 402 and provides s current-trmited voltage
output Vout. Ontput voltages +Vout and —Vout are applied as
inputs to an A/D converter 409 which outputs a digital
indication of Vout, wiich is the difference between +Vout
and -Vout, (o the management & control circuits 226 (FIG.
3A), 276 (FIG 3B), 326 (FIG. 4A) sod 376 (FIG. 4B)
proferably via bus 407. The outputs of comparatars 404 axe
supplied to t & control circuits 226 (FIG. 3A),
276 (F1G. 3B), 326 (FIG. 4A)md316(FIG 4B) proferably
via bus 407 to scrve as m pmvldingtnﬁx«
mation regarding the DC current flowing through
SPEAR

The outputs of some of comparators 404 are Lied
dnedlybumlumlbrmdlwmhm'hﬂalh:;ﬁpw
ufothmofwmpmlon“mwpphedmviumr
410 and s flip/flop 412. Thacompmlnn OUtpuLs ire
supplied directly to current limiter and s¥ 408 provide
immediatc currcnt limiting at & uhﬂwly lﬂd: threshold,
while the comparstoms whose outputs are supplied to current
hmtamd-wﬂd:“mhmaﬂﬁmdﬂm’ﬂopuz
pmv:del:hyed action current cut-off at a relatively low

Flip-ﬂopﬂz{snspomivebcmmllmpuhwhich
enable remote control of the opeulmn of the current Hmiter
and switch 408 by the management & control circuits
va;l‘o SA), 276 (FIG. 3B), 326 (FIG. 4A) and 376 (FIG. 4B)
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ftis approciated that the above described SPEAR circuitry
may also be operated on the negative lead, kn such a case &
sbort-lead would be connected between the Vin end the
Vout,

It is further apprecisted that the compounents of the
SPEAR may also be organizs in an alternative sequence.

Refarence is now mads FIQ. §, which is a simplified
schematic illustration of a preferred implementation of the
embodiment of FIG. §. Inssmuch s identical reference
numersls are employed in both FIGS. § and 6, the schematic
ilnstration of FIQ. 6 is belisved to be self-explanatory and
therefore, for the sake of concisencas, no additional textual
description thereof &8 provided bercin,

Referencs is now made to FIG. 7A, which is a simplified
block disgram illustration of a LAN node intesface circuit
useful in the embodimeats of Pigs. 1A and 2A for example
as externs] sspantors 142-149. It is appreciated that the
circuitry of FIG. 7A alicroatively may be built-in to LAN
nodes, 23 shown, for exampk in FIG. 1A

FIG. 7A shows typical constituent clements of 8 network
nods 500, including a data transceiver 502, a maine-fad
power supply 504 and various other slements 506 depeading
on the fonctionality of the podc. The interface circuitry
typically comprises a separator 308 which is operative to
recoive data and electrical power over communication
ubhqmdmwovh‘hldnuouqmmhdauwm
S02 and a sepante power a communications
clbuubdpowmlyiw.puhlblyfomtnapmﬁ
network node 500, which preferably powers the dsta trans-
ceiver 502 and possibly any other suitable circuitry.

Reference is now made to FIG. 7B, which is a simplified
blod:dimmillmmﬂmdlwmmmudmn
uscful in the embodiments of FIGS. 1B and 2B for oxample
a3 extorna] contioctors 192-199. It is appreciated that the
circuitry of FIG. 7B alternatively may be built-in to LAN
nodes, 28 shown, for exsmple in FIG. 1B.

FIG. 7B shows typical constituent elemeats of a network
node 550, including & dats transociver 552, a mains-fod
power supply 354 and various other cloments 536 depending
on the functionslity of the node. The interface circuitry
mﬂymmyﬂnnmﬂwbﬁhhmﬂww
reccive data and electrical power over commmuaication
cabling and to provide a dsta output to the dats transceiver
552 and a scparsic power oulput to a communications
clbhubdpawumplym prefersbly forming part of
getwork node 550, which the data trans-
ceiver 352 and possibly any other suitsble circuitry.

Reference is FIGS. 8A-SE, which arc simplificd block
dizgram illustrations of verious embodiments of a cuupler
useful in the embodiments of FIGS. 3A and 4A. The varicus
embodiments have the common purposs of coupling DC
power to the commuaication cabling without upsetting the
balsncd thercalong, while producing a minimal change in
thie linc* impedance thereof and proventing saturation or
buraout of line transformers coupled thereto,

FIG. 8A describes a coupler 600, such s» coupler 220
(FIG 3A)ormpkr330(l’l6 4A) suitable for use with &

accordance with a preferred cmbodiment of the
pwmmmﬂonurlwhdlimhldnlplkofaddihmd
transformers 610 for each channel. Transformers 610 are
typically 1:1 traosformers which are characterized in that
they include a center tap at the secondary vis which the DC
voltage is fed to both wires of a twisted pair.

This structurc maintains the balance of the line and
prevents core saturstion. This atructure also has the advan-
tage that due 1o the fact that the same voltage is carried on
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bothwhuotmmmdpirlimuhmmdymam
of & short clrouit therealong will not cause s powet overload,
An additional sdvantage of this structurc is that it will oot
causc burnout of s LAN podo which is not specislly adspted
for receive power over the twisted pair,

FIG. BB describes a coupler 620, such as coupler 220
(FIG. 3A) or coupler 320 (FIG. 4A) suitable for uso with &
LAN in sccordance with » preferred embodiment of the
prescnt invention and witich includes s pair of additional
transformers 630 for each channel. Transformers 630 are
typically 1:1 transformers which are characterized in that
they include s socondary €32 which is split into two scparstc
windings 634 and §36. A capacitor 640 is connccied between
windings 634 and 636. The capacitor effectively comects
the two windings in serios for high froquency signals, such
28 data signals, but offectively isalates the two windings for
DC.

This structurc cnsbles the two windings to carry respeo-
tive positive and ncgative voltages via the sams twisted pair.
An advantage of this structure is that it applics s net zero DC
current via the twisted pair and thus eliminates the magnetic
field that would otherwisc bave existed had the twisted pair
curied DC current in the same directions.

FIG, 8C describes » coupler 650, sech as coupler 220
(F1G. 3A) or coupler 320 (F1G. 4A) mitsblo for use with 2
LAN in accordance with a preforred embodiment of the
present invention and which includes a pair of cspacitors
660 which effectively block DC from reaching the LAN
switch, mmamumllhwlydmplemddoum
require an additional transformer.

FIG. 8D describes & coupler 670, n:hilocuphrm
(FIG 3A) or coupler 320 (FIG. 4A) mitsblé for use with &

in accordance with a preferred embodiment of the
Mlhwnﬁmmdwhidltndudumllduotapm
680 and 690 which effectively block DC from reaching the
LAN switch. This structure is also relatively simple and does
pot require s additional transformer.

This structure also has the advantage that due to the fact
that the sume voltage is carried on both wires of the twisted
pair sinmlitanecnsly, the occurrence of a short circuit the-
realong will not cause & power overload. An additional
advantage of this structurc is that it will not cause burnout
of a LAN nodc which is not specislly sdapted for receive
power over the twisted pair.

FIG. 8B dascribes a coupler 700, such s coupler 220
(FIG. 3A) or coupler 320 (FIG. 4A) mitablo for use with &
LAN in accordsnce with a preferred embodiment of the
present ipvention and which is a self-balancing common
modo coupling cirouit. Combiner 700 two pairs of
adjustable active balancing circuits 702 and 704, which are
operative in conjunction with respective sensing and control
circuits 706 and 708.

1t is 2 pasticular feature of the ombodiment of FIG. 8E that
tho two pairs of adjustable sctive balancing circuits N2 and
704, which are operative in conjunction with respective
seasing and control circuits 706 and 708 are operative to
maintein preciscly identical voltsges on cach of the two
wires comprlsing a twisted pair coupled theroto.

Na'mllly(ﬁeouiwtoflIAleildluwlphdtu
communication cabling via an isolation transformer 710,
which is oot part of the coupler 700. When precisely
idcntical voltages, as aforcsaid, are applicd to cach of the

transformer 710 and thus no DC curreat
This obviates the medforDCholmnz
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improves the balaucing and impedance matching behavior
of the combiner,

It is spprociated that whercas in & theorstically ldell
system there would not be say noed for active
provided in the smbodiment of FIG. Bﬂ.inmlnydum
varistions in the DC resistance along the entire communi-
cation cabling system, the DC voliages on cach of the two
wires of the twisted pair would not be identical in the
absczos of active balancing, thus creating s DC voltage drop
across the secondary of transformer 710 which could csuse
either saturation or burnout of transformer 710, :

Roforence is now made FIG. §F, which is s simplified
schematic jliustration of & preforred implementation of the
embodiment of FIG. SE. Inssmuch ss kientical reference
oumenls are employed in both FIGS. BE and 8F, the
schematic illustration of FIG. 8F is believed 10 be self-
exphnltvrynndtlmehv for the sake of conciseness, no

xtual deacription thereof is provided herein.

Rehenwnwwmdel’lﬂ.lﬁ which is ¢ simplified
schematic illustration of a preferred implsmentation of the
embodiment of FIG. §B. Inssmuch as identical reference
numenals are employed in both FIGS. 8B and 8G, the
schematic illustration of FIG. 8G s belicved to be aclf-
explanatory and therefore, for the sske of conciscncss, no
additional textual description thereof is provided herein.

Reference is now mads to FIGS. 9A-9G which are
simplified hlock diagram and schematic illustrations of
various cmbodiments of a scparstor uscful in the cmbodi-
ments of FIGS. 1A.2A&1Apmfbub1thmbiuﬁonwﬂb
the respective combiners of FIGS. 8A-8G.

In addition to the components included in FIGS. 9A 10 9G,
these separators may also include appropriate filters to evoid
intorpair- and interport cromstalk.

The various embodiments heve the common purpose of
decoupling DC power from tho communication cabling
without upseiting the balance therealong, while producing »
minimal change in the line impedance thereof and prevent-
ing ssturation or burnout of lnc transformers coupled
thereto.

FIG. 9A deacribes a sepanator 1600, such as separator 142
(FIG M),mmbbmmwhhtmhmdmwnh

ferred embodiment of the present inveation and which
hchd:apdofddﬂumlkmmlﬂomm
channel. Transformers 1610 arc typically 1:1 transformers
which are charactedzed in that they include & center tap at
the primary via which the DC voliage is extracted from both
wires of a twisted pair,

This structure maintains the balance of the line end
provents core saturstion. This structure also has the sdvan-
tage that due to the fact that the same voltage is carrled on
both wires of the twisted pair sinrataneously, the occurrence
of a short circuit thorealong will not canse & power overload.
An additiona] advantage of this structure is that it will not
cause burnout of 3 LAN node which is not specially edapted
for receive power over the twisted pair.

FIG. 9B describes a 1620, such as sepanator 142
(F1G. 2A) suitable for use with a LAN in sccordance with
s proforred embodiment of the prescat fuveation snd wiich
includes a pair of additional transformers 1630 for cach
channel. Transformers 1630 are typically 1:1 transformers
which are characterizod in that they include s primary 1632
which is split into two scparste windings 1634 and 1636, A
capacitoy 1640 i3 connected botween windings 1634 and
1636. The capacitor cffectively connccts the two windings in
mufnrhghﬁnqumcynpdl,mhudlnumh,bu
oﬂichvuly-olumthumwindmpﬁx DC.




Case 2:05-cv-01984-JFB -ETB 'Docuntent 1  Filed 04/22/05 'Page 79 of 90

US 6,473,608 B1
23 24
This structure enables the two windings to carry respec- Reference is now made FIG. 9G, which is a simplified
tive positive and ncgative voltages vis tho same twisted pair.  schemstic illustration of part of s implemeatation
An advantage of this structure is that it spplics s net zzroDC  of the cmbodiment of FIG. 9E, clements 1704 and
current via the twisted pair and thus climiosics the magnetic 1708 thereaf. Inasatuch as ideatical are

fleld that would otherwise have existed had the twisted pair
carried DC current in the same directions. -

FIG. 9C deacribes u scparator 1650, such as scparator 142
(FIG. 2A), suitable for use with a LAN in accordance with
a preferred embodiment of the present invention and which
incindes a pair of capacitors 1660 which effectively block

DC from reaching the node circuits. This structure is rela-:

tively simple sud doce not require an additional transformer.

FIG. 9D describes a scparator 1670, such as scparator 142

(FIG 2A), suitable for wse with a LAN in accordance with

embodiment of the present invention and which
inclndulwopahofupudloml.mdl‘”wbkh
cffectively block DC from resching the node cireuits. This
structure is also relatively simple and does not require sn
additional transformer.

This structure also has the advantage that due to the fact
that the same valtage is carried on both wires of the twisted
pair simultansoualy, the occurmence of s short clrcuit the-
realong will not cause s power overload. An additional
advantage of this structure is that it will not czuse burnout
of a LAN node which is not specially adapted for receive
powee over the twisted pair.

F1G. 9E describes a separator 1700, such as separator 142
(FIG. 2A), suitable for use with a LAN in acoordance with
a preferred embodimeat of the prescnt invention and which
is a self-balancing cammon mode coupling circuit. Separa-
tor 1700 comprises two pairs of adjustable active balancing
circuits 1702 and 1704, which are openative in conjunction
with respective sensing and control circuits 1706 and 1708,

1t is a particular featurc of the embodiment of FIG. SE that
the two pairs of adjustable active balancing circuits 1702
and 1704, which are operative in conj with respec-
tive sensing and control circuits 1706 and 1708 are operative
1o maintsin preciscly identical voliages on cech of the two
wimcumpnnngumbdpdrmpludlhmo

Nomnllyihe[npmotlLAdeolcmphdmmm-

of the scparstor.

It is appreciated that whereas in s theoretically ideal
sysiem there would not be any need for active balancing as
provided in the embodiment of FIG. 9B, in reality duse to
variations in the DC resistance along the entire communi-
cation cabling system, the DC voltages ou cach of the two
wires of the twisted pair would not be ideatical in the
absence of active balancing, thus creating a DC valtage drop
across the primary of transformer 1710 which could cause
cither saturation or bumout of transformer 1710.

Reference s now made FIG. 9F, which is a simplified
schematic iltustration of part of 4 preferred {mplementation

employcd in both FIGS. SE and SF, the schematic illustra-
tion of FIG. 9F is belicved to be sclf-caplanatory and
therefore, for the sake of conciseness, oo additional textual
description thereof is provided herein.

H

10

13

k!

employed in both FIGS. 9E and 90, the achematic fiustra-
tion of FIG. QGilbcHawdwbeuH-e:plmmxyld
therofore, for the sake of conciscness, no additional textval
déscription thereaf is herein.

'Iheumlilioﬂ’[ﬂ&!lhﬂ’dilpmvidadbmm
thnwlhpuﬂeﬁicdwhv&h&oﬂbmp&m
in order to current flow
by the circuils of 9F and 9G dunzingl.hk flowing

cusreat
through the active filters 1702 and 1704 under the contro] of
clements 1706 and 1708 y.

Reference is now made to FIG. lomwhwhuldmpliﬁed
block disgram illustration of a communications ne
mdudmgpowmpplymdmmmtmmnmﬂu
tiona cabling constructcd and opetative in accordance with
s profemred embodiment of the presout invention.

As secu in FIG. 10A, there is provided a local area
network (LAN) compeising a hub 2019 which is coupled, by
cabling, preferably a structured cabling system, to 4 plurality
of LAN nodes, such as 3 deakiop computer 2012, & web
camors 2014, & facsimile machine 2016, & LAN telophone,
alao knova as an IP telephone 2018, 2 computer 2020 and
s server 2022,

1n accordance with & preferred embodiment of the present
imveation there is provided s power supply subsystcm 2030
which is operative to provide at Icast some operating or
backup power to at loast some of said plurality of nodes via
the hmb 2010 and the comnrunication cabling connecting the
hub to various LAN nodes.

In the illustrated ombodiment of FIG. 10A, subsystem
2030 s Jocated within the hub 2010 and includes & power
supply 2832 which supplics cperating power and/or backup
power to various LAN nodes via the commmunication
cabling. The comnmnication cabling connects a LAN switch
2034 via s combincr 2036 to the various LAN podes. The
combincr couples clectrical power from the power supply
zmnmzthnmmnhtbnuwngtonhmmof
the LAN nodes. Bidirectional data communications from
wmhmmhwﬁ:ﬂswmbmerm substan-
tially without inparfiere:

In-accordance with lpnfemdembudmem of the present
invention, there is proviled in bub 2010 a power manage-
ment & control unit 2038 which monitars and controls the
power supplied by subsystem 2030 to the varions LAN
nodes via the communications cabling. The power manage-
ment & control umit 2038 preferably comnrumicates with a
management workstation 2040, preferably via a LAN or 2
WAN. Management workstation 2040 is operative, prefer-
ably under the control of an operator, to govern the operation
of power management & control unit 2038,

1t is spprecisted that s management workstation 2040 may
govern the openstion of multiple power management &
control units 2038. The power t & control unit
2038 may also communicate with various LAN nodea vis
LAN switch 2034 by providing stundard LAN messages to
the nodes thereby to govern their current mode of power
usage. Far exampils, power management & control unit 2038
may send control messagoes which are decoded a1 tho LAN
nodes and are by controllers in the circuitry of
FIGS, 14A & 14B for controlling whether foll or partial
functionality is provided theroat.

In one specific case, when the power management &
contro) unit 2038 seases that mains power 10 power supply
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2032 is not available, it may s:d a control message via
LAN switch 2034 to causc the varicus LAN nodes to operate
in a backup or reduced power mode.
It s scen that the commmuicition cabling from the hub
2010 ta the desiciop oomputer 2012, facsimile machine 2016

backup power,
whnemmmﬂuionabmﬁmmmmomm
and opofuting power communication
tbmumemmmmly(hn.inamny
LAN arraogament constructel and operative in accordance
with & prefsrod embodiment of the prescat invention,
nhwbdhluddﬂnmmhm
includos mﬂn“wﬁm
4 separator ating power from
thndmlntbiﬂuﬁn?emboﬁnnmofmﬁ 10A, the

irc not scparsely desgnated, it being appreciated that
Alternatively discrote sgparstors may be

ltuaprﬂcﬂuhmoflbembodimﬁ!dﬂﬂ 10A
that both data and poser are carried on the same twisted
copper pair.

It s appreciated that FIG. 10A iltustratcs one embodiment
of & system providig eloctris powr to phursl LAN nodes
via a hub and comounication cabling connecting the tub to
various LAN ngles. Another embodiment of a sysiem
providing electrispower to pharal LAN nodes via & hub and
communication the bub to various LAN
nodes is illustraed in FIG. 11A. FIG. 11A iltustratcs a local
area network pcluding a power supply and managemeat
unit operative to provide electrical power 1o Jocal area
petwork nods over communication cabling.

References now made to FIG. 10B, which is a simplificd
block diagrm illustration of & communications network
inchuding pswer supply and management over communica-
uouubliseonmmdmdopmﬁwinwwmmwnh
cpntmdbodmentoflhcmt mwnlmn.

As sca in FIG. 10B, thero is s local arcs

ootwork LAN) a trub 2060 which is coupled, by
cabling preferably a structured esbling system, (o a plurality
of LAY nodes, such as » deskiop computer 2062, 1 web
camers 2064, a facsimilc machinc 2066, s LAN telepbone,
also wown as an IP telephone 2068, s computer 2070 and
a sexer 2072.

Isaccordance with a preferred embodiment of the present
invention there is provided a power supply subsystem 2080
which is operative to provide at least some openting or
backup power to a1 lcest some of seid plurality of nodes via
the hub 2060 and the communication cabling connecting the
bub to various LAN nodes.

In-the illustrated embodiment of FIG. llm,albuym
2080 is Incated within the bub 2060 and includles a
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2084 via a power supply intarface 2086 o thé varions LAN
nodes. 'Ibpuwrmpplyimﬁwpwwduehmdpowcr
from the power supply 2062 along the communication
cabling 1o st least some of the LAN nodcs. Bidirectional data
communications from LAN switch 2084 pess through the
power supply interface 2086, substantially without interfer-
Cnce,

In acgordance with 8 preferred embodiment of the present
invention, there is provided in b 2060 & power manage-
ment & control unit 2088 which monitors and controls the
power supplied by subsysiem 2080 to the various LAN

26
nodes via the comnrunications
meut & control umit 2088

ent workstation
. t workstation 2090 is
yumbnhnennmﬂotmopetmr, the on
ofmrmwm&mmmmn operes

lthlmwhbdthl! 0% meat workstation 2090 ma;

powetr managemeot
comolummm managemeat & control unit
2088 may also

with various LAN nodes via
LAN switch 2084 by

standard LAN to
the oodes thereby (o govern mntmod?:fw
usage. For

The power manage-
wmdmwithl
ly vis s LAN or s
opmnvapufu

specific case, whea the r management &
mlm”mmmmbmnpply
2082 is oot available, it may scnd & control memsage via
LAN swiich 2084 to cause the various LAN aodes to operate
in a backup or reduced power mode.

It is scen that the commumication cabling from the hub
mwu% ocomputer 2062, facsimile machine 2066

carries both data and backup power,
whﬂsthseomniuﬂm from the tmb 2060 to the
and operating power and the comurunication cabling
the bmb to the server 2072 carries only data, in 8 typically
LAN armangement constructed and openative in accordance
with a preferred embodiment of the present invention.

It is spprocisted that cach of the LAN nodes 2062 2070,
which receives power aver the communication ublmz,
includes a connecior providlﬁ
mmdmmmemmmm HIG. 10B,
ﬁemmm%hndwthmwdu
and are not scparately it being appreciated that
alternatively discrete commector may be employed.

It is s particular feature of the embodiment of FIG. 10B
that data and power are carried on separate twisted copper
paims of cach communication cabling Hne.

It is apprecisted that FIG. 108 Ilustrates one embodiment
of a system providing electric power to plural LAN nodes
vi2 a lub and communication cabling connecting the hub to
various LAN nodes. Another embodiment of a system
pmxdmsebdncwwubphrdLANnodumlhlbmd

the hub to various LAN
nntblhil.hmmadlnl'lﬁ 11B, FIQ. 11B illustrates a local
mumwkimh&nclpmmpplymdmmm
unit operative ;o provide cloctrical power 1o local arca
network nodea-over conuunication cabling,

In the illustrated embodiment of FIG. 11A, s canventional
tub 2100 does 0ot provide electrical power over the com-
omnication cabling aad » power supply and management
subsystem 2130 is located extarmally of bub 2100 snd
includes s power supply 2132 which supplics operating
puwndbrhuﬂnppuwhv&domLANnnduvuthn
communication cabling as well as 1 powsr management &
coutrol ynit 2133,

The communication cabling connects 2 LAN switch 2134
of conventional bub 2100 to s combiner 2136 tn power
supply and management subsystem 2130 and connects the
combiner 1o the various LAN nodes. The cambiner 2136
couples clectrical power from the power supply 2132 along
the communication csbling to at lcast some of the LAN
nodes. Bidirectional dats communications from LAN switch
2134 pass through the combiner 2136, substantially without
interference.
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lum:dnmemthlwcfumdembodlmnﬂhemm
mvennnn,thmhpnmdedmpowunwbmdmw
ment subsystem 2130 power mansgement. & control umit
2133 which monitons and controls the power supplicd by
subsystem 2130 1o the various LAN nodes via the comom-
nications cabling. The power management & contral unit
2133 preferably communicstes with s mansgement work-
station 2140, preferably viz s LAN or s WAN,

Maumagement workstation 2140 is openstive, preferably
under the control of an operator, to govern the operation of
power management & cootro) unit 2133, It is sppreciated
that a management workststion 2140 may govern the opere-
tion of multiplc power management & control units 2133
and may also govemn the operation of multiplc tubs 2100.

It is ssen that the comnmnication cabling from the hub
2100 to the desktop computer 2112, facsimils machine 2116
and computer 2120 carrics both dats =ud backap power,
while the communication cabling from the bub 2100 to the
hub camers 2134 and LAN telephone 2118 cartics both data
and operating power and the communication cabling from
the hreb 2100 to the server 2122 carrics only data and may,
but need pot pass through subsystem 2134, in a typically
LAN srrangement constructed and operative in sccordance
with a preferred cmbodiment of the present invention.

In the illustrated embodiment of FIG. 11A, each of the
LAN nodes 2112-2120 which receives power is provided
with an cxternsl scparator for scparating the dats from the
cloctrical power coupled to the commmaication cabling, The
cxternal scparstors associated with respective nodes
2112-2120 are designated by respective reference numbers
2142-2180. Bach such separator bas 3 commmnication
cabling input and scperatc data and power gutputs. It is

Mwmornﬂof!hsmdum“mmy
nkemnvdybep:wibdvdthmﬂnpmumdthn
meor;ﬂnfthmdal?ﬂl—ll!ﬂmaybeprm«bdwﬂh
external scparators.

IlulppmmdlhllnaddlﬂonbthIANnokl
described hereinsbove, the prescnt invention is uscful with
any other suitable nodes such as, for cxampls, wircless LAN
access paoints, emergency lighting system elements, paging
loudspeakers, OCTV cameras, alarm sensars, door ontry
scusors, aocess cootrol umits, lsptop computers, network
clemeats, such as bruba, switches and routers, monitors and
memory backup units for PCs and worksiations.

In the iliustrated embodiment of FIG. 11B, a conventional
htlb!lﬂdoumtplwidealwmmlamtummnm
muniaﬁonublhgmdlpowmly mansgement
subsystem 2160 is Jocated externally of hub 2150 and
includes a power supply 2182 which supplica
power and/or backup power to various LAN nodes via the
communication cabling a8 well a8 s power management &
cootrol unit 2183,

The communication cabling connects s LAN switch 2184
of conventiopal hub 2150 to a power sepply intcrface 2186
in power supply and sbsystem 2180 and

power
loast some of the LAN nodes. Bidircctional dats communi-
cations from LAN switch 2184 pess through the power
supply interface 2186, substantially without interfereace.
In accordance with a preferred cmbodiment of the prescat
mventwn.lhmnplwidedmpowuwmlymdmm
ment subsysicm 2180 power management & control it
2183 which monitors and controls the powér supplied by
mblnmzmw!bvmwmmmamm

e

K
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opersting g

station 2190, prefersbly vis a LAN or a WAN,
Mansgrment workstation 2190 is operative, preferably
under the coatrol of an operator, 1o govern the operation of
power management & control unit 2183. It is sppreciated
Mnmmﬂmﬁlﬂnll”mypmﬂwmn-
tion of multiple power mansgement & coufrol units 2183
and may also govern the operation of mraltiple bubs 2150,
It is scen that the communication cabling from the trub
2150 to the desktop computer 2162, facsimile machine 2166

cabling
frub camors 2164 and LAN telcphone 2168 carrics both data
and operating power and the communication cabling from
malmbnsowlhemnnarduonlydm:nd
bumdwpﬂwmnw.hllypwﬂy
LAN ursngement construsted snd operstive in scoordance
with a preferred embodiment of the present invention,

In the {Ilustrated embodiment of FIG. 11B, ecach of the
LAN nodes 2162-2170 which receives power is provided
with an external connector for separately providing data and
clectrical power from the commrunication The exter-
mal connectors associsted with respective nodes 2162-2170
are designated by respective refereace oumbers 2192-2199.
Bach such connector has & comnunication cabling input and
scparate dats and power outputs. It is sppreciated that some
or all of the nodes 3162-2179 may altcrnatively be provided
with intemal conncctors and that some or all of the nodes
2162-2170 may be provided with external connectors.

It s appreciated that in addition 10 the LAN nodes
deacribed hereinshove, the present invention is useful with
any other suitsble nodes such as, for cxamplo, wirclcss LAN

poimmmcyl@mmelmmm

CCTV cameras, alarm aensors, door entry

sensors, ‘sccoss contral units, laptop computers, network

clements, such s bubs, switches and routers, monitors and
memory backup units for PCs and workstations.

Reference is now made W FIG, 12A, which is a simplificd
block disgram illustration of a hub, such as bub 2010, useful
in the embodiment of FIG. 10A. Hub 2010 preferably
comprises & conventional, commercially avaflable, LAN
switch, such s LAN switch 2034 (FIG. IOA).whhhﬁmo-
tions as » dats commrunication and is
coupled 10 » coupler and fliter unit 2037 which includes
couplers 220 and filtecs 222 as shown in FIG. 3A and forms
purt of combiner 2036 (FIG. 10A).

The coupler and filter unit 2037 is connocted to 8 plurality
of mnart allocation and reporting circuits (SPEARs)
2224, Bach SPEAR 2224 is connected to power supply 2032
(FG. lu)hmedvhgcmmlmﬂumﬁom Itis
apprecisted that power supply 2032 may be physically
loateduwruﬂyofthhbmm Power supply 2032 may

be provided with a power fadlure beckup facility, such s »

Power matagement & cantro]l unit 2038 (FIG. 10A),
preforably includes SPEAR controllers 2160 which are
preferably connecied via & bus 2162 to & microprocessor
2164, s memory 2166 and comnmunication circuitry 2168,
which typically includes a modem. The power management
& control subsystem 2038 is prefarably operative to control
the operation of all of the couplers, filtors and SPEARSs in
cumbiner 2036 as well a5 to conirol the operation of the
power supply 2032. Power mansgement & control sub-
systom 2038 preferably communicates with management
wotk station 2040 (FIG. 10A) in order to enablo openior
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control and monitoring of the allocated to the various ~ management subsystem usefyl in the embodiment of FIG,
LAN nodes in various tnodes of the system., 1B. Hub 2150 (FIG. 11B) prefersbly comprises a

Reference is now made to FIG. 12B, which is s simplified wnwnﬂml. commercially mn".';u. LAN switch 2184
block iltustration of a bub, such as irub 2060,
lnmaembod:memn;:mllm.mn.l-hbm o) lelg
compriscs a convel commercially
switch, such es LAN switch 2084 (F1G. 103).vlhl=hfnm-
tions a3 a data communication swneb/upnmmdh
M%Gﬂgggg of ly i ZI;Iﬁ:

in part WW“PP Inte|

2086 (FIG. 10B).

The filter unit 2087 is connccted to a plurali
power allocation and reporting ) 214\.

Power mansgement & control unit 2088 (FIG. 10B),
mhnblylndmsmkcowolkunﬁwhhhm

Reference is now made to FIG. 13A, which is s simplificd
block djsgram illustration of s hub and s power supply and
management subsysiom uscful in the embodiment of FIG.
11A. Hub 2100 (FIG. 11A) preferably compriscs 8
coaventional, commercially availshle, LAN swikch 2134
which fanctions as a data communication switch/repeater
MimthmeerﬂGhnﬁn;pmdpowr
supply subsysiem 2130

memu!ﬂﬁmhduacouphrmlﬂlmmzm
wﬂehhd:dnwupmmmnmmuﬁbwnmmd
4A,

Theooupkrmdﬁlktuldﬂﬂ1thlphﬂlny
of sment power ellocation 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 cxternally of the power supply and management
subsystem 2130. Powex supply 2132 may be provided with
a power failure backnp facility, such as a betiery connection.

Power management & control umit 2133 (FIG. 11A),
preferably includes SPEAR controllers 2360 which arc

preferably connected vin a bus 2362 to s microprocessor
2364, 2 memory 2366 and communication circuitry 2369,
which typically includes s modem. The power management
& contral unit 2133 is preferably operstive o control the
operation of all of the couplers, filters and SPEARs in
combiner 2136 as well as to control the operation of the
power supply 2132,

Power management & cogtrol subsystem 2133 preferably
communicates with t work statico 2140 (FIG.
11A) in order to enable operator control and monitoring of
the power allocated 1o the various LAN nodes in various
operational modes of the system.

Refereace is now made to FIG. 13B, which is a simplified
block diagram illustration of & bub and a power supply and

43

§3

which functions as a dats communication switclyrepeater
and is coupled to power supp! mmzm&:tmgpm
of power supply subsystom
Power supply intcrface 2186 indudulﬂllnunitzm
which includes filters 372 2a showa fn FIG. 4B.
-The filtar unit 2187 is connected 1o a phurality of smart

mspmm4':';d e ty (’13?115
o powet supp. 3

llB)ﬁJtmeewhgclectul'ugmﬂwnﬁnm.ltiqpu-

ciated that power supply may be physically Jocated

externally of the power supply and management subaystem
2180, Powex ly 2182 may be provided with a power
failure backup , such as a beiiery connoction.

Power management & control unit 2183 (FIG. 11B),
preferably includes SPEAR cootrolless 2376 which are
preferably connecied vis a bus 2378 to a microproceasor
2380, s memory 2382 and commmunication circuitry 2384,
which typically includes 8 modem. The power management
& oontrol unit 2183 is preferably operative to control the
operation of all of the filters and SPEARs in power supply
interface 2196 as well a8 to control the operation of the
power supply 2182,

Power management & control unit 2183 preferably com-
municates with management woek station 2190 (F1G. 11B)
in order to émable operator control and monitoring of the
power allocated to the various LAN nodes in various opera-
tional modes of the system.

Refarence ia now made 10 FIGS. 14A & 14B, which are
simplified block diagrams of two different sode configura-
tions useful in the embodiments of FIGS. 10A, 10B, 11A and
us.

The circuitry seen in FIG. 14A includes circuitry which is
preferably embodied in a nods, parts of which circultry may
altematively be embodied in a separator or connector asso-
ciated with that node.

The node, whatover its nature, for cxsmple any of nodes
2012-3020 in FIG. 10A, 2062-2070 in FIG. 10B,
2112-212030 FIG. 11A or 2162-2170 in FIG. 11B, typically
inchudes circuitry which is required for both full fanction-
ality and reduced functionality operation, bere termed

“cssential circuitry” and designuied by reference mmeral

2400, mdcxcuxtrywhldlilmnequlmdiwndwdﬁm
tionality operation, here. termed “son-essential circuitry”
and designated by reference nsumeral 2402. For cxample, if
the node comprises an IP tolephone, the casential circuitry
2400 includcs that circuitry onsbling a uscr to spoak and hear
over the telephione, whilc the non-cmsential crcuitry 2402
provides ancillary functions, such as automatic redial, tele-
phane directary and speakerphone fuoctionality,

The circuitry 2400 and 2402 which (s typically part of the
node is indicated by reference numeral 2404, Other circuitry,
wh:chmnyormynotbemeapurmdwnhnlbemdewill
now be power supply 2406, such a8 power
supply 510 (FIG. 1A)or560(FIG 7B) recaives electrical
power via communication cabling from  scparstor, such as
scparator 508 shown in FIG. 7A or from & connector, such
a8 connector 538 shown in FIG. 7B. The power supply 2406
supplies electrical power separately to the essential circuitry
2400 and via a switch 2410 to the non-essentiz] circuitry
2402, Switch 2410 maey also reccive and control the transfer
of clectrica] power from a power supply 2412 which is
coanected to mains power.

Switch 2410 receives a control input from s controller
2414 which is typically a conventional microcontrollar
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providing a binary output. Coatroller 2414 receives a control
input from s scnsor 2416. Preferably controller 2414 also
receives 8 control foput from power supply 2412.

Scusor 2416 way be implemented in & mumber of possible
ways. It may, for example, sense the voltage level of the
electrical pawer being supplied to power supply 2406.
Additionally or altematively, it msy sensc a contro] aignal
transmitted theroto, such a8 s signal tansmitted via the
commruaication cabling from the power management &
control unit 2038 via the combiner 2036 (F1G. 10A) or from
similar circuitry in the embodiment of FIG. 11A.
Alternatively, it may sense s control signal trapsmitted
thercto, such as & 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 scasor 2416 may reccive inputs from either or both
the power and data outputs of scparator 308 (FIG. 7A) or
conncctor $38 (FIG. 7B). The input that it reccives from the
data outpui of separator 508 or connector 58 may be tapped
from an input to the essential circuitry which may include
control signaal decoding functionality, but prefersbly may be
duMdﬁommeothwﬁ:dmﬁywﬁch
provides a decoded coutrol signal.

mmnaimnmyofeonmnarﬂ“myhnmmd
s follows: When the controller 2414 recsives a control jnput
from power supply 2412 indicating ths! mains power is
lvnﬂnbb.nopenmmhulommnmrhmp-
phied to both essential circuitry 2400 and uop-ceacntial
circuitry 2402.

When mains power is not svailsble via power supply
2412, but seasor 2416 indicates that sufficient power is
available via the conumrunicstions cabling, controllcr 2414
operates switch 2410 such that power is supplicd © both
essential circuitry 2400 and non-esseatial circuitry 2402.

‘When, bowever, mains power is not available via power
supply 2412 and sensor 2416 indicates that sufficient power
unotmhblo,cwhnlluvpeublwﬂumnd: that

required by essential circuitry 2400 is also availsble, it may
e supplicd to the non-cascntial circuitry 2402 via switch
2410.

Alicrnstively, the operation of switch 2410 by the con-
troller 2414 may not be determined solely or at all by the
power available, bui rather solely by control signals sensed
by sensor 2416, wholly or partially independently of the
availsble power.

Reference is now made to FIG. 14B. The circuitry seen in
FIG. 14B includes circuitry which is preferably embodied in
anode, parts of which circuitry may alternatively be embod-
iod in a separator or connoctor amsocisted with that node. A:

power supply 2436, such as power supply 510 (F1G, 7A) or

SSO(FIG 7B) reecives electrical power vis communication
ubhngﬁmnupmmmhuwsummj
FIG. 1Aorhmlmmummm’

]

in FIG. 7B. The power supply 2436 supplics elkctrical power’
via & switch 2438 10 the circuitry 2440 of the node, Switch'

2438 may also reccive clectrical power from & power supply
2442 which is connected to mains power.

Switch 2438 receives a coatrol input from & cootroller
2444 which iy typically s comventional microcontroller
providing a binary output. Controller 2444 receives a coutrol
input from a scnsor 2446 as well as a control input from
monitoring circuitry 2448, Moaitoring circuitry 2448, which
is continually powered by power supply 2436 or power

10

0
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[ 1]

Scmsor 2446 may be implemented in a aumber of possible
ways. It may, for example, scnso the voltags lovel of the
oloctrical power being supplied 10 power supply 2446,

contro] umit 2038 via the combiner 203§ (FIG. 10A) or from
similar circuitry in the embodimeni of FIG. 11A.
Alternatively, it may sonse a control signal trapsmitted
thereto, such as a signal transmitted via the comnrumication
cabling from the power mansgement & coptro] unit 2088 via
the power supply interface 2086 (PIG. 10B) or from similar
circultry in the embodiment of FIQ. 11B.

The functionality of coatroller 2444 may be summarized
s follows: In the sbecuce of an indicstion to the contrary
from the monitoring cirouitry 2448 or from sensor 2446, the
controller operates switch 2438 so that circuitry 2440 docs
nol operate. Whea a suitable input is received either fram the
monitoring circuitry 2448 or from seasor 2446, indicating a
aced for operation of circuitry 2440, the ccntrolicr 2444
operates swilch 2438 to canse operstion of circuitry 2444,

Reference is now made o FIG, 18, The circuitry seon in
FIG. 18 includes circuityy which is preferably embodied in
a node, parts of which circuitry may alternatively be embod-
ied in o scparstor associsted with that node.

nauﬂc.whlbwriumm.ﬁormmphmyofmdu
2012-2020 in FIG. 10A, 2062-2070 in FIG. 10B,
2112-2120in FIG. 11A 0r 2162-2170 in FIQ. 11B, typically
mmmmywhhhbnqmdfmbolhﬁmmm

ality and reduced functionslity operstion, bere termed

“ecssential circuitry” snd designated by refercnce mumenl
Zm,lndmcuitrywhldlllmtwquuedfotndwdﬂmc-
l:lmulny opetation, here termed “non-essentisl circuitry”

and designated by refereace numeral 2502. For example, if
the node comprises an IP telephone, the casential circuitry
2500 includes that circuitry cnsbling a uscr to speak and hear
over the tolephone, while the non-essential circuitry 2502
provides ancillary fanctions, such a sutomatic redial, tole-
phoae directory and speakerphone functionality.

The circuitry 2500 and 2502 which is typically partof the
uode is indicated by refercnce mumers] 2504, Other circuitry,
which may or may not be incorporated within the node will
now be described.

A power suppiy 2506, such as power supply 510 (FIG.
7A) or 560 (FIG. 7B) receives electrical power via commu-
pication cabling from s scparator, such as scparstor 508
sbown in FIG. 7A or connoctor $38 shown in FIG. 7B. The
pumrnpplymmpﬂuehmﬁlpmupmmym
a switch 2508 t5 the essential circuitry 2500 and via a switch
2510 to the non-tssential circaitry 2502, Switches 2508 and
2510 may also tecoive and control the transfer of clectrical
mrﬂomlmmbmwhjchilwnmdb
maing power.

mmmm«mm;mmtm
2 controller 2514 which is typically a conventional micro-
controller providing s binsry ovutput. Comtroller 2514
recejves a comtrol input from a sensor 2516. Preferably
cantroller 2514 also receives a control input from power
supply 2512.



communication cabling

control unit 2038 via the combiner 2036 (FIG. 10A) or from
similar circuitry in the embodiment of FIG, 11A.
Altematively, it may sense a control signal transmitted
thereto, such as a signal transmitiext via the communication
& control unit 2088 via

The scasor 2516 may receive inputs from cither or both
the pawer and data outputs of separator 508 (FIG. 7A) or
connector 358 (FIG. 7B). The input that it recaives from the
308 or from connector 558 may be

incinde control signal decoding
may be derived from an ontput of the easential circuitry
which provides s decaded control signal.

Monitoring circuitry 2540, which is contimually powered
by power supply 2506 or power supply 2512, scoses a need
of thc LAN nodc to shift to full-fenctionality from slocp
mode functionality. It may senas this need, for exampls, by
rocelving a user input indicating an inteatinn to use the node
or by receiving a control message vis the communications
cabling.

The functionslity of controller 2514 may be summarized
as follows: When the coatroller 2514 receives a control input
from power supply 2512 indicating that mains power is
available, it operates switohcs 2508 and
power is supplicd to both cascatial cixwltry 2500 and
non-essential circuitry 2502.

When mains power is mt svailable vh pavar mpply
2512, but scasor 2816 indicates that sufficient power is
av-ilabl:vu the communications cabling, coutroller 2914
wmmhmmmowmmumm
1o both essential circuitry 2800 end non-cascotial crouitry
250.

‘When, however, maina power is oot availabls via power
supply 2512 and scnsor 2516 indicates that sufficient power
unotwukbh,cwhuﬂnuopemm Wmmmm%:

te power is suppl priority 1o the
M“mmal circuitry 2500. If additional power beyond that
required by essential circuitry 2500 is also available, it may
be supplicd to the non-casential circuitry 2502 vis switch
2510.

Alternatively, the operation of switch 2510 by the con-
troller 2514 may not be determined solely or at alt by the
powec available, but rather solely by coatrol signals sensed
by scnsor 2516, wholly or partially independontly of the
availsble 3

In the absence of an indication to the contrary from the
monitoring circuitry 2840 or from sensor 2516, the cantrol-
ler operates switch 2508 so that circuitry 2500 does oot
operste, When 4 suitsble input is received oitber from the
mou:brmgwadh’yMwﬁmmBl‘,mdw&ngl
need for operation of circuitry 2500, the controller 2514
operates switch 2508 to cause openation of circuitry 2500.

In accordance with a peeferred embodiment af the present
invention, the power supply 2406 in the embodiment of FIG.
14A, 2436 in the cmbodiment of FIG. 14B and 2506 in the
embodiment of FIG. 15 may bo constructed to include
rechargesble onergy storage clemeats. In such sn
arrangement, these power supplies provide tthited back-up.

K

US 6473608 Bl
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mxbrmhhmdamhﬂunamyom
wuitable circumstance, They may also cuable intexraittent
opmhonoflANnoduinlﬁu&mwhnonlywry
limited power may bo tranemitted over the commronication

Reference is oow made to FIG. 16, which is a generalized
flowchart illustrating power msasgement in both normal
operation and reduced power modes of the networks of
FlGS.lOA,lﬁB.nAuﬂuB As scen in FIG. 16, the

management & coatral nnit 2008 (FIG. 10A), 2088

(FIG 101)2133(?[6 . 11A) or 2138 (FIG. 11B) goverus the

npplyo pmrloubmnomeIANnodavhthc

tions cabling, preferably in accordance with s

pledctemedﬁmtiomh!ywhiohilduaibedhswmbaluw
with reforence to FIG. 17,

The power & control unit 2038 (FIG. 10A),
2088 (FIG. 10B), 2133 (FIG. 11A) or 2138 (FIG. 11B)
monitors apd manages the power consumption of thoss LAN
nodes. It senses overcurent situations and effocts power
cutofls as appropriate. The power ma! ot & cantrol
unit 2038 (FIG. 10A), 2088 (F1G. 10B), 2133 (FIG. 11A) or
2138 (FIG. 11B) may operate in cither an involuntary power
management mode or a voluntary power management mod.
Normally the mode of operation is selected at the time that
the LAN is configured, however, i1 is possible for mode
seloction to take place theroafier.

lnuinwhnh:ypmmu;emmmdeoﬂoponﬁm.
if the power management & control unit scoscs s situation
ofmmm&ntpowwlﬂabﬂhyprvwcrmmm
over the communications cabling to the LAN nodes, it
supplies a reduced amount of power to at least some of the
LAN nodes and may also provide control messages or other
control inputs to the LAN nodes to csuss them to operste in
a reduced power mode, Inavnlnnmypowarmmmm
mode of operation, reduced power availability is mandated
by minagement at certain times of reduced activity, such as
nights and weekends, in order to save cncrgy costs

Reference is now made to FIG, 17, which illustrates
preferred methodology for spply of electrical power to at
least some of the LAN nodes in accordance with the present
invention.

Following initialization of kub 2010 (FIG. 10A), 20260
(FIG. 10B) or power supply and management scheystcm
2130 (FIG. 11A), 2180 (FIG. 11B) the communications
cabling connection to nodes, to which it is intended to0
transmiit power over the communications cabling, is inter-
rogated,

Initialization of bub 2010 (FIG. 10A), 20260 (FIG. 10B)
or subsystem 2130 (FIG. 11A), 2180 (FIG, 11B) puftubly
includes nmmauully sctuated test procedures which
engire operation of the elements of the hub 2010
(FIG. 10A), zouo (FIG. 10B) or subsystem 2130 (FIG.
11A), 2180 (FIG. 11B) communicstion with managemont
wvduuﬁonM(FlG. 10A), 2090 (F1G. 10B), 2140 (FIG.
11A) or 2190 (FIG. 11B) if present fo determine desired
operational parameters of the buby for each node and sstting
up oo intemal dats base desired operational
parsmeters for cech node. During sormal opsration of the

employing the manageme:
wrk station 2040 (FIG. 10A), 2090 (FIG, 10B), 2140 (FIG.
11A), 2190 (FIG, 11B).
The interrogation is described hercinbelow in greater
detail with reference to FIGS. 18A and 16B.
If the' node being interrogated is determined to have
power-over-LAN type characteristics and is clamsified in the
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internal data base as a node to which it is intended to
transmit power over the commmunications cabling, the
SPEAR panmcters are set based on the contents of the
intcrosl dsts basc and power is trensmitted to the node via
the comnmnications cabling. Where appropriate, suitable
signaling are sent to the remote node and the status
oilbhuwmbdbthndehmbhmw
ment work station 2040.

The foregoing hlb:nmhdleqnmmll for
each line of the bub 2110 ar subsystem 2130, to which it is
intended to trapsmit power over the communications
cabling.

Reference i now made to FIGS. IBAMIIB.whldl
together arc a flowchart illustrating a preferred embodiment
of the interrogation and initia) power supply functionality
which appears in FIG. 17.

As seen in FIGS. 18A & 18B, initially the voltage is
measured at the cutput of the SPEAR 224 (FIG. 274
(FIG. 3B), 324 (FIG. 4A) or 374 (FIG. 4B) comespon
a line to which it & intended to tranamit power over the
communications cabling. If the absolute value of the voltage
is higher than a predetermined programmabls threshold V1,
the Une is classified a3 having s voltage present thereon from
an externsl source, In such a case power is not supplicd
thereto over the communications cabling.

If the absolute valus of the voltage is not higher than the
predetermined lo threshold V1, the SPEAR
current limit O is set to a

[mdslumed
value IL1. SPEAR switch 408 (FIG. $) is turned ON.
Thwhzemdtbamu!buwdlhsm
arc measured, typically at three predetermined pro
mable times T1, T2 and T3. 'nmu'n.ﬂmd'l‘.!m
typically duemimdbyuimnmtdmnniudbym

roundtrip DC resistance of a maximum allowed longth of
communications cabling between the hub and a node.
Typically, T1, T2 and T3 are equal to 1, 2 and 10 times the
above time constant.

'lypinlvmutor'n.'nmd'mte4wc.smmmd
40 macc, respectivoly.

Mmlhenmmbﬁcmmoﬂhmdemd
lhoumbwhich)tnconmwdmdetmnmed.Atypwdul
of determinatinng is set forth hereinbelow: ;.

35

NO LOAD WHEN Vout>V2 AND 'nm ABSOLUTR “

VALUE OF 10<12 i

FOR ALLTL T2, T3
SHORT CIRCUIT WHEN Vout<V3 AND THE ABSO-

LUTE VALUR OF 10>B

FOR ALLT1, T2, T3
NIC LOAD WHEN YoutT3<V4 AND

THE ABSOLUTE VALUE OF 10T1<d0T2d0T3
POL LOAD WHEN VouiT1>VS AND VoufT2>VS AND

VoutT3>VS
AND THE ABSOLUTE VALUE OF I0T1»I8 OR

THE ABSOLUTE VALUE OF 1072>1S OR THE ABSO-

LUTE VALUE OF IOT3>18.
‘WHERE

A NO LOAD condition is onc in which s aode is oot
connectod to the line.

A SHORT CIRCUIT condition is ane in-which a short
circuit oxists scross the positive and nogative conductors of
the Line upstream of the node or in the node.

A NIC LOAD condition is oas in which a Network
lnl:‘a:nuaxdlhaminmrilmmcud acrass the line
at the nnde,

s

“w

(1]

36

A POL LOAD condition is one in which a Power Over
scparstor is comnected aczoss the line at the node.
Wbtbwhlnutbwlpmdﬂusm
et e e s
p ly at by me
Ufl!wmlnuwlwhmwiw!:“

E

preforably arrived st b muluiwlhﬂ peak valus of
volnp\bmhnpaﬂzddubwmhuuwhnwnd:m

the output of each coupler 220 (FIG. 3A) and 320 (FIG. 4A).
This value is typically multiplied by 2 to arrive at V1, V1 is

pro
preferably 50% of Vin, which represents a typical threshold
vnhnofﬁnllwwnhpawumlym(ﬂo 7) commence
operation.

,VoutT1 is Vout measared af time T1;

VoutT2 is Vout measared at time T2;

Vou(T3 is Vout measured at time T3;

10'is the current fiowing +Vout to -Vout which is mea-
sured by seasce 402 (FIG. 5)

111 is the predetermined programmable valuc of the
current limit of swilch 408 (FIG. 5) and is detcrmined by the
maximum allowable DC current through the NIC trans-
former which does not result in saturation or buroout
thereof, IL1 is typically in (he vicinity of 10 mA.

12 is » predetermined programmable value which is
proforably smrived at by messuring the maximum peak value
of the carrent 10 for 2 period of a few minutes when switch
408 is ON and whea no Joad is connected betwoen +Vout
and =Vout at the output of cach coupler 220 (FIG. 3A) and
320 (FIG. 4A). A typical value of I is 1 mA.

I3 is s predetermined programmable value which is
proforably arrived at by measuring the minimum value of the
current 10 for a period of & fow minutes whea switch 408 is
ON and whea & resistance, which correspouds to the maxi-
mum rovadtrip DC resistance of a maximum allowed length
of communications cabliog between the b and a node,
typically SOokms, is connected between +Vous and - Vout at
the cutput of cach coupler 220 (FIG. 3A) and 320 (FIG. 4A),
I3 is typically equal to 80% of IL1.

Siss programmuable value which is
preferably arrived at by measuring the maxiomum peak value
of the curreat 10 for a period of & fow minutes when switch
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MBOdewhmnolmdbmdedbamn-o\bul
and ~Vout at the output of cach coupler 220 (FIG. 3A)

320 (FIG. 4A), This maximum vnhcllml.ldpliedby
a factor, typically 2. A typical value of I8 is

I0T1 is IO measured at time TL;

[0T2 is IO measured at time T2;

I0T3 is IO measured at time T3;

Reference is now made to FIGS. 19A-19D, 20A-20D,
21A-21D, 22A-22D, 23A-23D and 24A-24D, which illns-
trate nmﬁmmhwhrmmitmingmdmm

power consumption in accordance with a
umot&smtinwnﬂon. Mutoulloflhctmchan—
alities described hereinbelow employ a basic monitoring and

lechmquwhhumducdbed

lndumpluyedforthnpurpou On the  basis of this
mpuilon.ewhnodoudnnﬂedubmgm-cnmm.
under-current or normal. The over-current classification may
have programmably adjustable thresholds, such as high
overcurrcat, and regular over-current. The pormsl classifi-
cation may have sub-classifications, such as active mode,
sloep mode, and Jow-pawer moda.

The system is operative to contral the operation of nodes
classificd a3 being over-current in the following manncr: If
the cunrent at a node cxocods 8 regular over cuxrent thresbold
for at lcast & predetermined time, power to that node is cut
off afler the predetermined time. In any event, cureat
supplied 10 a node is not permitted to excood the high
overcurrent threshiold. In accordance with & preferred
cmbodiment of the present invention, various intcrmediste
thresholds may be defined between tho rogulsr over-current
thmhnldmdthuhighmrmmthmholdmdtblbm-

said predetermined time to cat-off is detsrmined a8 » fanc-
tion of which of such intermediate thresholds is exceeded.

The systom is operative to control the operation of nodes
clamified a3 being under-current in the following manner:
Within & relatively short predetermined time following
detection of an under-current node, which predetermined
time is sclocted to svoid undesired response to noise, supply
of current (o wuch node is terminated.

In parallel to the functionality described hereinabove, the
ovenll current flow to all of the nodes over all of the lines
is manitored. This moaitoring may tako place in a central-
ized manncr or alicruatively msy be based on sn extrapo-
hﬁmoihbmldonmwdmtbehnc-by-ﬂmmmmg
described hereinabove.

'l‘hamnduwunmmummpmdwithlpmmm
mably predetermined referonce value. On the. basis of this
comparison, the eatire power supply and mansgement sub-
system 2180 and the nodes connected thersto 210 together

Muhmgm—mmmmmmmmb,

classificstion may bave pxognmmnbly adjustable
thresholds, such as high over-curtent, and 1eguler over-.
current. . )
The sysiem Is openative o control the operation of or
power supply and management subsystems classified as
being over-carrent in the following mamner: If the overall
current cxceeds & regular overall over-curreat threshold for
|.t Inmlpmdcwmmedﬂme,puwerm ulc-lwmunodu
either reduced or cut off sfier the predetermined time. In
mywant.t.haovmllcnmmbmtpennimdmucaedm

o
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high qverall over-cusrent threshold. In accordance with a
cmbodiment of the invention, various

present
thwresholds may be dofined botween the regular
ovenll over-current thresbold and the high overall over-
curront threshold and the aforesaid predetermined time to
cut-off is determined ss s function of which of such inter-
mmmn-u‘?hm
Additionally in panalle]l to the functionality described
hmmbuvo,tha-ymhopenﬁwtonponnhnm-
tinvously or intermittently, the current Jove] classification of
cach node snd of the entire bub to an externa] monitoring
system.
Further in parallel to the functionality described
::nlbove,thlmhwmbmﬂfymdud&e
nding change current thereto
Rs&umumeHGSWA.HB 19Cand 19D,
which are generalized Bowcharts each mepoo-
sible mechanism for full or no fumctionality operation o an
hvomywwmmlmvmmlnthﬂwmnotmo

FIG 19A fllusirates a basic techrique useful for full or no
functionality operstion in involuntary power mansgement in
acoordance with a cmbodiment of the presont
invention, As seen in FIG. 19A, the system initially deter-
mines the tota] power available to it as well as the 1ot}
power that it is currently supplying to all podes. The
relationship between the curreat total power consumption
gPC)_tothemepumlvthlhy('ﬂA)hdm

If TPC/TPA is loss than typically 0.8, additional nodes are
supplicd full power onc-by-onc ou a proritized basis. If
TPC/TPA is greater then typically 0,95, power 10 individual
nodes is disconnocted ons-by-ouc on a prioritized beais,

If TPC/TPA is oqual to or greater than typically 0.8 but
leas than or equal to typically 0.95, an inquiry is made s to
whetber & pew node requires power. If w0, and a node having
s lower priority is comeatly recoiving power, the lower
priocity nodc is disconnected from power and the higher
priority node is connected to power.

FIG. 1918 jllustrates a technique usefu) for full or oo
functionality oporation with emergency override in invol-
untary power management in accordsnce with a preferred
embodiment of the present inveation. The techmique of F1G.
19B can be used in the eavironment of the functionality of
FIG. 9A

As scon in FIG, 198, the system scascs ap cmergency
nced for power at a given node. In such a case, the given
node is asgigned the highest priority and the functionality of
FIG. 19A is applied. Once the emergeacy situation 0o longer
cxists, the priority of the given node is returned to its vsual
Pﬂm’itymdthefunudmlily of FIG. 19A operutcs accord-

ingly.

FIQ. 19C illustrates a technique usefn! fir full or mo
functionality operation having queue-controlled priority in
involuntary power mapagement in accordance with a pre-
forred cmbodiment of the prescat invention. As scen in FIG.
19C, the system initially determinas the total power avail-
able to it as well as the total power that it is currently
supplying 10 all nodes. The relationship between the current
total power consumption (TFC) to the current total power

(TPA) is then determined.

1f TPC/TPA is loss than typically 0.8, sdditional nodes are
supplied foll power ane-by-ane on a quenes-controllad, pri-
oritized basis, typically on a first come, fisst served basis. If
TPC/TPA is greater than typically 0.95, power to individual
noduudmonnoctedone-by—onemnprhnﬂud basis.

I TPC/TPA is oquat to or greator than typically 0.8 but
Jess than or equal to typically 0.95, an inquiry is made as io
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whalhunnewnodenqnmpum[tn,thﬁmdann&hd
to the bottom of the queue.

FIG. wﬂmuamqum&l'brhnwm
fimctionality operation on  time-sbaring, prioritized basis in
involuntary power managemeat in sccordance with & pre-
ferred embodiment of the present inveation. As seen in FIG.
18D, the system irdtially dotcrmincs the total power svail-
sble to it as well as the total power that it is currently
nmp!mmmnmmmwiphmmw
total power to the current total power
availability Ai-ﬂ:mdmmined

I TRC/TPA is kees than typically 0.8, additional nodes arc
supplied full power ane-by-one on 8 priod-
tized basis, typically on a basis that the node having the
longrat duration of use is cut off first. I TPC/TPA is greater
than typically 0.95, power to individual nodes s discon-
nocted one-by-onc on s prioritized basis.

If TPC/TPA is equal to or greater than typically 0.8 but
leas than or equal to typically 0.95, an inquiry is made as 10
whother a new node requires power. If s, and a node having
a lower priority, in the seose that it has been rocciving power
for & Jonger time, which is above & predetermined minimum
timns, i currently receiving powes, the lower pricrity node is
dncunmded from powor and the higher priority node is
connected 10

lt-appmutsdlhnnmunynudcdnbkthnlhomde
be informed in sdvance in a chenge in tho power to be
supplied thereto. This may be accomplished by signally
along the commmunications cabling in & usnal data transmis-
sion mode or in any other suitable mode.

Refercnce is now made to FIGS. 30A, 208, 20C and 20D,
whchmgmnhudﬂowhmudlﬂhmmompa-
sible mechanism for full or reduced functionality oper
inninvolmG mymummmtmhmﬂmmd
FIG. 1

RG. mnh-m-muchnhuu}mhfuuor
mduudfuwnom.lnyopcnﬁcuhmhmtuywwwmm-
agemeat in accordance with s prefarred embodimeat of the
present ipvention. As seen in FIG. 20A, the system initially
detcrmines the tota] power available to it as well as the total
power that it i currcotly supplylog 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 is koss thag typically 0.8, additions! nodes arc
supplicd full power one-by-one on & prioritized basis. If
'l?C.’l‘PAilpumthntypwdlyO” puwummdmdull
podes is reduced one-by-one on a prioritized basis,

If TPC/TPA is equal to or greater than typically 0.8 but
{css than or cqual to typically 0.95, an inquiry is made as to
whether & new node sequires sdditional power. If so, and &
node baving a lower priority is currently receiving power,
mmmmmmmmﬂymmn

priority node is provided with additional power.

HG. memm:wehnumwﬁllthlonvdmd
functionality opmhonwnhemupnqwuddalnmvul

mbcdmmdﬁepmmmmnmmncbniqudﬂd
20B can be wed in the cnvironment of the fimctionality of
FIG, 20A.

As seen in FIG. 20B, the system senses an emergency
need for additions] power at a given node. In such a case, the
glven node is assigned the highest priority and the function-
ality of FIG, 20A is applicd. Once the emergeucy situstion
no Jonger exists, the prority of the given node is returned to
hsumalptlm'llymdthsﬁmmﬂiqoﬂ?ld znAupenm
accordingly.

45

(]
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FIG mﬂhlmm;muuﬁnbtmnmm
ulity opcration having queus-controlled prority in
involuntary power management in sccordance with & pre-
ﬁ:mdembodimtoﬂhnpxumtlnmﬂm.hunhl’le
20C, the system initially determines the total power avail-
sble to it as well as the total power that it is currendy
supplying to all nodes. The reistionship betwoen the current
dewwmwﬂm(mmhmmmm

(TPA) is then determined.

I TPC/TPA is loas than typically 0.8, additional nodes are
supplied additional power one-by-ome on a quoue-
<ontro, basis, typically on & finst come, first
scrved basis. If TPC/TPA is greater than typically 0.9S,
power 0 mdwidul podes is reduced aone-by-ome on &

priceitized basis.

If TPC/TPA is cqual to or greater than typically 0.8 but
Ieas than or equal to typically 0.95, an inquiry is made ss to
whether a new node requires additional power. If #0, that
node is added 10 the bottom of the quoue.

FIG. 20D iltustrates s technique useful for full or reduced
functionality operation having queue-controlled priority in
involuntary power management in sccordance with & pre-
fnmdembodmmtoﬂhmthwnﬂon.hmmﬂc
20D, the system initially determines the total power avail-
able to it as wull as the total power that it is currently
npplyinuolllmdu.'l‘hrdlﬁmlhipbemnlhmm

power consumption (TPC) to the current total power
-vaihbimy('l‘l’A)thamined.

 TPC/TPA is less than typically 0.8, additional nodes are
supplicd additional power onc-by-one on a time-sharing,
pnmnndbuh.lyphllyonab-lnhntbmdehwiutb

durstion of usc is cut off first, If TPC/TPA is groaier
than typically 0.95, power 10 individual nodes is discon-
nmdom-by-oumapﬁmiﬁndm
If TPC/TPA is cqual to or greator than typically 0.8 but
kuth!nwequdtotypiclnyo.%,minanth-b
whether s now node requires additional power. If 80, aud 3
node baving s Jower priotity, in the sense that it has been
uedvin;povntfnn time, which is above s prede-
tormined minimwn time, is currently receiving full power,
&elow:rpﬂm!ymdehuiuwwnpplyudnudmdﬂ:
higher priority node i provided with additional power.

Reference is now made to FIGS. 21A, 21B, 21C and 21D
aro genenalized flowcharts oach illustrating ono poasible
mechanism for node fnitsted sleep mode operstion in »
voluntary power management sicp in the flowchart of FIG.
16

F1G. 21 Aillustrates a situation wherein a node operates ia

a skcp modc 8 the result of lack of sctivity for st Jeast &
predetermined amount of time. As scen in FIG. 21A, the
tims durstion TD1 sinco the last activity of the pode is
moasured. If TD1 exceeds typically a fow seconds or
mmuuqml.hubnnuohwuuyﬂminputcmmh
dicsting slecp mode operation, the node then operates in &
slupmod:.whchmmlllylnvolvuwbstmﬂnﬂyudnud

power requirements.

FIG. 21B ilnstrates a situation wherein s nodo operates in
s aloop modo a8 the result of lack of communication for at
Jeasta smount of time. As secn in FIG. 21B,
the time duration TD2 since the last communication of the
node is measured. if TD2 excoeds typically a foew seconds or
minutes, in the absence of a user or systsm input contruin-
dicating slccp mode operation, the node then operates in a
aleep mode, which pormally ivolves substantially reduced

power requircments.
,FIG. 21Cillustrates a situation wherein a node operates in
a gleep mode in responss o clock control, such that the oode
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is active within a perindically occurring time slot, absent an
input from the system or the user. As seen in FIG, 21C, the
timo slots are defined as times T3 while the remaining time
is defined a3 TD4. The node dotermines whether it is
currently within the time slot TD3. If nat, i.e. during times
TDA4, it operates io the sloep mode,

FIG. 21D illustratos & situation wherein s node operates in
a sloop mode as the result of a sensed fxult condition. As
seea in FIG. 21D, the node periodically perfiorms  sslf-test.
The self test may be, for exampls, aa attempt to commmmni-
cate with the lub or power mpply and management sab-
system, If the pode passes the test, it operates nommally. If
the node fails the tost, it operates in the slcep mode.

Reference is now mads to FIGS. 22A, 228, 22C and 22D,
which are genenalizad flowcharts each fllustrating one pos-
sible mechanism for tub ar power supply and management
subsystern initisted slecp mode operstion in a voluntary
power management sicp in the fowchart of FIG. 16.

FIG. 22A illustrates a sitnation whorein a node operates in
a slecp mode as the result of lack of activity for at least a
predetermined amount of time. As scen in FIG. 224, the
time duration TD1 aince the last activity of the node as
sensed by the bub or power supply and management sub-
system is measured. If TD1 axceeds typicatly s fsw seconds
or minutes, in the ahsence of a user or system imput
contraindicating slccp mode operstion, the node then oper-
ates in a slecp mode, which normally involves substantially
reduced power requiremeats.

FIG. 22B {llustretes a situation wherein a node operates in
4 slocp mode as the resvlt of lack of communication for st
Icast & predetermined amount of time., As scen in FIG. 228,
the tire duration TD2 since the Last commnication of the
node as sensed by the mb or power supply and management
subsystem is measured. If TD2 exceeds typically a fow
seconds or minutes, in the absence of 3 user or system input
contraindicating slcop mode operation, the node then oper-
ates in & slecp mode, which normally involves substantially
reduced power requirements.

FIG. 22C illustrates a sitnation wherein s node operates in
a sleop mode in response to clock control from the hub, or
power sepply and management subsystem such that the node
15 active within a peciodically occurring time slot, abseat an
input from the system or the user. As seea in FIG. 22C, the
time alois are dofined as times TD3 while the remaining time

is defioed s TD4. The node determines  whether it is.
arrently within the time slot TD3, Iinm.l.a du'lngtlm

TDM4, it operates in the sleep mode.

HG. Zmﬂhmnt-nimlﬁonwbmnnmdaopenmm
a alcep mode as the result of a fault condition sensed by the
bub or power supply and management subsystcm. As scen in
FIG. 22D, the bub or power supply and management sub-
system periodically performs a test of the node. The self teat
may be, for example, an attempt 10 communicate with the
bub or power supply and management subsystem, If the
node passes the teat, it operates normally. i the node fails
the test, it operates in the slesp modo.

Reference is now made to FIGS. 23A,23B, 23C and 23D,
which are generalized flowcharts each illustrating one pos-
wible mechanism for full or no fonctionality operation in a
\lv:mquwmmsbphhﬂmhnoﬂ’w.

FIG. 23A illnstrates a basic technique useful for full or po
functionality operstion in voluntary power management in
accordance with a embodmﬂtotth:pluant
invention. As scen in FIG. 23A, the system initially deter-
mines tho total pawer allocated 1o it as well as the total
power that it is currently supplying to all nodes. The
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relationship between the curreat total power consumption
(TPC) 1o the current total power allocation (TPL) is then

If TPC/TPL iv less than typically 0.8, sdditional nodes arc
suppliad full power one-by-one on a priaritized basis. If

If TPC/TPL is cqual 1o or greater than typically 0.8 but
loss than or equal to typically 0.95, an inquiry is made as to
whether 2 new node requires power. I %0, and a node baving
uhwcprlmﬂthmﬂymdvingmr the lower
priority node i3 disconnected from power and the higher
priority node is comnecied to power.

FIG. Bnmmlmhﬂqum&lbrmnmm
functionality operation with emergency override in volun-
tery power management in accordsnos with a preferred
embodiment of the present inrvention. The techmique of FIG.
23B can be used in the environment of the functionality of
FIG. 23A.

As seen in FIG. 23B, the sysiem senses an emergeacy
need for power at & given node. In such a case, the given
node is assigned the bighest priority snd the functionality of
FIG. 23A is applied. Once the emergency situation oo longet
exists, the priarity of the given node is retumed to its usual
pﬁmﬂymdmﬁlmdomliwoﬂ‘m 23A operates accord-

FIG. 23C illostrates & technique useful for full or no
functionality operation having queue-controlled priority in
valuntary power management in socordance with a preferred
embodiment of the prescat imvention. As scen in FIG. 23C,
the systom initislly determines the total power allocated 1o
it a3 well as the total power that it is currently supplying to
all nodes. The ralationship between the current total power
consumption (TPC) to the curreat total power allocation
(TPL) is then detcrmined.

I TPC/TPL is loss than typically 0.8, additional nodos arc
supplicd full power onc-by-onc on & queuc-controlled, pri-
oritized basis, typically oa a first come, fisst served baais. If
pumnhnlyplaﬂytbﬁ,powerloiuﬂvidud
nodes is disconnocted one-by-one oa a prioritized busis.

If TPC/TPL is oqual 1o or greater than typically 0.8 but
Joas than or equal to typically 0.95, an inquiry is made s 10
whether a new node requires power. If 80, that node is added

FIG 23D iltustrates a tochnique useful for full or bo
opesation ou a time sharing prioritized basis in
voluntary power management in socordance with a prefiscred
embodiment of the preseat invention. As seen in FIG. 23D,
the system initislly determines the total power allocated to
it as woll as the total power that it is correatly wpplying to
all nodes. The relationship between the current total power
consumption to the cument total power allocation
(TPL) is then delerminad.

I TPC/TPL is lcss than typically 0.8, sdditional nodes arc
supplicd full power onc-by-one on a time-sharing, priori-
tized basis, typically on a basis that the node having the
longeat duration of use is cut off first. If TPC/TPL is greater
than typically 0.95, wwuloindmdmduudumn-
nected onc-by-onc on a basis,

1f TPC/TPL is equal 1o or groater than typically 0.8 but
leas than or equal o typically 0.95, an inquiry is made as 1o
whether a new node requires power. If a0, and & node baving
a lower priority, iuthamlhunhnbemumvmspower
for a longer time, which is above a predetermined minimum
time, is currently recciving power, the lower priority node is
disconnectsd from power and the higher priority node is
connected to power.
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It is appreciated that pormally it is desirable that the node

informed in sdvance in a chage in the power to be
supplied thereto. This msy be sccomplished by signaling
along the communications cabling in a usual data transmis-
gion mode or in any other suitable mode.

Roference is now made to FIGS. 24A, 24B, 24C and 24D,
which arc generalized flowcharts cach illustrating onc pos-
sible mechanism for full or reduced functionality operation
;nwhmymmmmhtbﬂmhnof

a. 16

FIG. 24A illustrates a basic technique useful for full or
reduced functionality operation in voluntary power manage-
ment in scoordance with a prefemed embodiment of the
present invention. As seen in FIG. 24A, the system initially
determines the total power allocated o it as well 2 the total
power that it & currently supplying to all nodes. The
relationship between the current total power consumption
(’l?C)_lolheeuucntml.lpowullloaﬁonﬂ?L)inbn

1£ TPC/TPL is Joan than typically 0.8, additionsl nodes aro
supplicd full power onc-by-onc on a pricritized basis. If
TPC/TPL s grester than typically 0.95, power to individual
no:hshnamdon&by-oneonnpzhﬂﬂndbﬁs

If TPC/TPL is equal to or greater than typically 0.8 but
leas than or equal to typically 0.95, an inquiry is made as to
whether & now node requires sdditional power. If so, and a
node having a lower priority is cumreatly roceiving power,
the lowet priority node has its power supply reducad and the
higher priority node is provided with additional power.

HG.uBﬂlnskunutechniquewﬁlﬁ)rfnllorndwed
functionality operation with emergency override in volon-
tary power managomen! in sccordance with & preferred
embodiment of the present invention. The technique of FIG.
24B can be used in the eavironment of the functionality of
FIG. 24A.

As scen in FIG, 24B, the system scoacs an cncigency
poed for additionsl power at & given node. In such a case, the
given node is assigned the highest priority and the function-
ality of FIG. 24A is applied. Oncs the emergency situstion
mlonpu:hb.tb,dmityoflbglmnodehmurudto
its wsal priority and the functionality of FIG. 24A opcnatcs

accordingly.

FIG. 24C illustrates s technique useful for full or reduced

ﬁmeuonﬂnyopumhvln;quu—cmudhdpnmly

power management in sccordance with e preferred
embodimn&uhbpmsntmvenhnn.hmhlfm.ﬂc.
Mmmwnﬂydsmmhuthmdmnbemdm
i as well as the total power that it is curreatly supplying to
all nodes. The relationship between the current total power

consumption (TPC) o the current total power allocation
(TPL) is thea determined.

If TPC/TPL is Jess than typically 0.8, additional nodes are
supplied additional power one-by-ome .on & queue-
coatrolled, prioritized busis, typically on a first come, first
served basis, If TPC/TPL is greator than typically 0.95,
powes to individual nodes is reduced onv-by-om on &
prioritized basis. H

Emuqnﬂmormhtmmllyo.sbut
leutlunaequdtotypml.ly()” an inquiry.is made asito.
whether & new additional power. If so, that.
node is added to the bottom of the queue.

FIG. 24D illnsirates a technique useful for full or addi-
tional functionality operation on a time sharing prioritized
basis in voluntary power managemeont in sccordance with a
preferred embodiment of the present invention. As seen in
FIG. 24D, the system initially determines the total power
allocated to it as well as the total power that it is currently

10

35

55

65 range

4“4
supplying 1o all nodes. The relationship between the curreat
e O (I?C)blbeunmwulm
0
umhlumwo&m%mm
itional one-by-ope an e-sharing,
?nuiﬁmdbm?hﬂyoubnbﬂﬂtbwdchvmtb
uae is cut off first. f TPC/TFL s
lhmtypmlly095 pawuloindividnl -
nnlafadm-by?mn mmrﬂnnz;icdlyo.sw
oqual t or

Jess than or L] 095, sn is mado s to
whuhsnn:lvm Wmmm If 50, and 2
nodohamlhwprbmyhthammnhmhun
powubl' tma.vhbhhlbownpede
incd minimum time, 1s currently full power,
ﬂwlmrpﬂm'llymdahlinpownpply and the

WMM&MMM
1t will bo sppreciated by persons
pmmhmhcnlnolhmibdbywhlthnbunpm
larly shown and described hereinabove. Rather the scope of
the present invention includes both combinations and sub-
combinations of various festures described bereinsbove as
well &3 modifications and variations thereof which would
oceur 1o persons skilled in the art and which are not in the

ant.

‘What is claimed is:

1. A local area network comprising:

a phurality of local arcs network nodes;

a LAN switch;

a power supply subsystem; and
communication cabling connecting said plurality of nodes
to maid switch via the power spply subsystem for
providing data comnmnication,

the power supply subsystem including & power manage-
ment and control unit governing the supply of power to
at least soms of the plurality of local ares network
nodes via the communication csbling,

wherein said power supply subsystom is operative to
upplypwubnlhdmoufﬁeloulmmtwod
nodes viz the communication csbling over wire pairs
within the cabling not used for data communication,
udmwmﬂmebdngopenﬂwloeoupb
power into the communication csbling substantially
without interforing with data communication and
inchuding current limiting circuitry controlling cement
delivered into the commmnication cabling,
whmmmdpowrmnmpmentmdmmlunnu
apenuwtomumpunlhuomnodﬂowhnhnu
intended to transmit power over the communication
cabling in order to determine whether the node’s char-
acteristics allow it 1o roceive power over the commma-
nication cabling.

2. A network according to claim 1 wheredn said current

Bmiting circuitry is operative to provide a first curront Limit

Jevel which is nover excseded, and a sccond current Lmit

Jovel which is not excoeded for more than s predetermined

period of time.

3. A network acconding 10 claim 2 wherein the interroga-

tion of at least cuc node includes moasuring the voltage

across the communication cabling connccted to 8 pode

which is being interrogated and determining whether the

measured voltage is within s predefined range.
4Ammﬁwwrdlngbdam3whavmnnodem

which the measured voltage is within the predetcrmined

is marked w8 a Power over LAN node.

8. A network according to claim 2 wherein the interroga-

tion of at loast one mode includes measuring the voltage
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across the communication cabling connected 10 2 vode 10. A network sccording to claim 9 wherein a node for
which is being interrogated and dotormining whether the  which the measursd voltage exceeds said predetermined
“"“"““’“"““‘-"'{‘“"‘;‘wﬁf"’“&h threshold is matked as an cxteroal voltage fed pode.

: according to claim § wherein o . .

fich the m 1 val is aaid m’ ined § ﬂ:.AmmeMI,MWImmM
A network socording t claim 1 wheteln the inferrogs- & reporting fanctionality operative 1o output & report
least one node inclndes measuring the voltage pertaining to the statns of at lcsst one of the plurality of

podes.
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tion of at least onc node includos meamuring the vollage  sumption of at loast onc node from among the plurality of
across the communication cabling connccted to a mode  modes.
which is being intsrrogated and determining whether the
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