WO 2006/ 052217 PCT/ SG2004/ 000367 REDUNDANT POAER SUPPLY FOR

PONER- OVER- ETHERNET FI ELD OF THE | NVENTI ON [ 0001] The present invention is
rel ated t w@2@oenenz1supply for a networked device, and npcESEa080E6RArly to
a redundant power supply for a networked device which draws power over a
net wor k. BACKGROUND OF THE | NVENTI ON [ 0002] Power-Over-Ethernet i s a newt
echnology t hat enables D C power t 0 b e supplied to Ethernet devices
over. 10BASE- T, 1OOBASE- X, OR 1000BASE-T cabl i n% Thi s technol ogy enabl es
t he devi ces tREBUNIAMNT ROWER SMPR ROWER-DVERLETAERNETher net | ocal
area network (LAN) that they use for data comunication. It thus

eli-m nates the need to connect each termnal to an AC power source, and to
provi de each termnal with its ow AC/ DC power converter. The LAN NMAN

St andards Conmittee of the FEGD GPPHESINVENTEIN has devel oped draft
standards for Power-Over-Ethernet which are described in | EEE Std

802. 3aW1]"‘h'ﬁﬂa %sehf‘@%ﬂﬁéﬁ‘ﬁ%i&%ﬁ%%Eﬁ%vér%ﬁ&‘fﬁ;ﬁ%ﬁ?r %ngﬂ%ﬂkeé‘a‘é&ﬂi Ca'

Power Et her n system conpri ses a power

whi ch | . nb d
o 8hE bt PR o Butniah pRwah S PPYRtor S b ﬁ‘ks%ﬁvfeawﬁﬁmmn' cate

connected in a star topol ogy, vm'th each device linked by a dedicated cable
to thedraws p@Weéﬂ‘eﬁfkﬁJBethg power sourcing equiprment in the hub is comonly
referred to as Power Sourcing Equi pnent (PSE), while each device that
receives the power is comonly referred to as a Powered Device (PD). The
PSE may be integrated with 1 WD 2006/ 052217 PCT/ S&G004/ 000367 the switch,

in what is known as an BACKGROUNDOOF THEINVENTION it nay alternatively be
| ocat ed between the switch and the devices, in a "md-span” configuration.

[0002] Power-Over-Ethernetis a new technology that enables DC powertobe

supplied to Ethernet devices over 10BASE-T, 100BASE-TX, OR 1000BASE-T
cabling. This technology enables the devices to receive their operating power over
the same Ethernet local area network (LAN) that they use for data communication. It
thus eliminates the need to connect each terminal to an AC power source, and to
provide each terminal with its own AC/DC power converter. The LAN/MAN
Standards Committee of the IEEE Computer Society has developed draft standards
for Power-Over-Ethernet which are described in IEEE Std 802.3af™™, which is
incorporated herein by reference.

[0003] A typical Power-Over-Ethernet system comprises an Ethernet switch and a
power hub, which supplies DC power, along with a number of devices, which
communicate via the switch and draw power from the hub. The system is typicaily
connected in a star topology, with each device linked by a dedicated cable to the
switch and hub. The power sourcing equipment in the hub is commonly referred to
as Power Sourcing Equipment (PSE), while each device that receives the power is

commonly referred to as a Powered Device (PD). The PSE may be integrated with



[0004] A LAN in which a PSE is operating may include not only PDs, but also
| egacy devices that are not configured to receive power over the LAN In
order to vayeidesmragi ng | egacy devi ces by applyi ng hi ghrOEseoittagsst o
their LAN connections, the PSE nust be able to determ ne, for each of its

power Qqut pu Qrt et her or not t he out .S _con ecte 0.a . For
i D On i SaS b S R e S Ly ke febiben
include a "signature element” that is a special <circuit across the power
i nput  BsatRstbetwesndhesmétchang the devicest i@ dmidpeeRieanfigeratiatet eri sti cs.
When the PSE is powered up, or when a new device is added to the LAN, the

PSE pe[00D4]s aA ILAN in ntrdch agBSEois operating may dnclede tnot dete (D, I‘lmt&ﬂ;imlat ure
element. During the line interrogation phase, the remaining circuits of the

PD (ot i@facy Idtaitds"had Ia@@aiowc,@nﬁ{;mn@ redefvd pOWaF edef LM ThidiBePYo @
swi tch. Upon successful completion of the interrogation, the isolating
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LAN, in order to avoid |leaving high DC__vaoltage on the open_Line. F this
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continuously sense the DC current that it supplies to the PD. If the
cur r entradt standardsmregyuirievibat eachp D poludeod "sigeatttE alempat’'tbbbis aGpackdr a
certain period of tine, the PSE shuts off its DC output voltage to that

port. dirdust adfc%@otmeﬁbwdﬁﬁrmﬁl@ihnmﬁbﬁ@lcﬁrthéoﬂ’leﬁuthhﬁeﬁéﬂbé@f‘rﬁn@bdbﬁ@yl ng DC
voltage on an open line, and it prevents device danage in the event that a
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element. During the line interrogation phase, the remaining circuits of the PD (other
than the signature element) are isolated from the line by a switch. Upon successful
completion of the interrogation, the isolating switch is closed, and the PSE begins to
supply power to the PD. The interrogation routine uses low-voltage signals, in order
to avoid damaging legacy device equipment.

[0005] Once the PSE has begun to supply power to a PD, it must also be able to
detect when the PD is disconnected from the LAN, in order to avoid leaving high DC
voltage on the open line. For this purpose, the IEEE 802.3af™ draft standards
specify that the PSE should continuously sense the DC current that it supplies to the
PD. If the current drawn from a given output port of the PSE drops below 10mA for a
certain period of time, the PSE shuts off its DC output voltage to that port. This
disconnect detection mechanism solves the problem of leaving DC voltage on an
open line, and it prevents device damage in the event that a legacy terminal is

connected in place of the disconnected PD. The mechanism requires, however, that



(0006) Many types of network equi pnent can be designed to utilize

Power - Over - Et hernet connections, including Voice-Over-IP phones (VolP
phones), iwoasegesmance with the | EEE 802. 3af TM draft st povaGem4/ndizer power
source for many Vol P phones is conventional AC service. This presents a
probl e in that if AC service is,lgst (i.e., .in a power failyre),, the
Dorp ol R SIS Arp RO AMaHBE <Ecruptar i g BYen wien g € e
utilizing a Power-OQOver-Ethernet connection is still usable in a power

f ai | ur Othswisagthed Shavibept phrewentp thee”Nol P phone has power. PSEs with
backup power are known. Thus, the PSE can supply power to network

equi prf000&)v enMadyrtypes af petveork femjuipment ¢200D& [deBignedetoyutiizevRowerddveses, it
is critical that they be available for use. In other words, such devices

have a Hthefie®Bofhddtiohs! inrkRRlihG FoiceOveriP pheesd (\ahPepHoes),Thatcoriamckt | cal
devi ces to have redundant power sources such that if one power source

fails, C 1S, {134 | he r ( .

[ 0008] vﬁf’ehcg’&ggég\g P%g%gur%#tﬁggg%rg%i o-rilﬂ%gg{werrenen?ésj%m? ﬁg\%éﬁwgggsm ™
draft . standards dat.e, redundant. Power,-Over-Ethernet connections have
ot bedheoRaNtoRaHAC AR IC s TS PORERISCs BFOREHie IRt §dhin Seton SRS (-Ber ves
as a backup power source to another Power-Over-Ethernet connection s not
cur r enti ¢ REVE" faiwre). theelelBqhongdgwing pewat fraguthat gervieg isynadisablBanAf r om

t hat backup Power-Over- Ethernet connection, the P SE supplying the backup
power WmlPdphedng utififing ree Fo@verevertittheoiatagnestionds ittt usabletin ch polwerbackup
power is connected. Thus, backup power would not be available. 3 WO
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t echni que of supplying redundant power via a Power-Over-Ethernet
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during a power failure.

[0007] For many network devices, it is critical that they be available for use. In
other words, such devices have a mission critical application. [t is desirable for
mission critical devices to have redundant power sources such that if one power
source fails, backup power is supplied by the other, redundant, power source.

[0008] Because of the current detection requirements of the IEEE 802.3af™ draft
standards, to date, redundant Power-Over-Ethernet connections have not been
utilized. That is, a Power-Over-Ethernet connection that serves as a backup power
source to another Power-Over-Ethernet connection is not currently available,
because, as no current would normally be drawn from that backup Power-Over-
Ethernet connection, the P SE s upplying the backup power would shutoffthe DC
output voltage to the port to which the backup power is connected. Thus, backup

power would not be available.



[0010] It is an object of the present invention to provide a technique for
supplying both primary and redundant, backup, power via

Power - Ovemwdcbdvemmet7 connections. [0011] The above- st at eBCDBGEOES00365 wel |
as other objects, features, and advantages, of the present invention wll

becone readily, apparent fromthe.faollow . detailed descriptjon which is
Lo be ARMBDY; n AGHITAIRGD: chnepd 1eXSe TeipB dREIRIANE ShisHREIVIRG KAYRRaRE PPET

| NVENTI ON [ 0012] In accordance with the present jnvention, a sysh,em and a
net hod vVicoa PowervOdengthesaehceneqiiondn aceoeiancehuithdhe dbiEc@023al praseftded.
The Et hernet device could be any type Ethernet device, including, but not
i mtedidmiards.Vol P phone. According to the techni que described herein, the
Et hernet device is designed to receive power over the Ethernet.

Preferably, though not necessarily, the power is received in accordance
with the | EEE 802. 3af TMiraft standard. [0013] A systemto inplenment the

met hod includes a first fl T%’\b- Fc'flil EREY or and a second fl yback
(???;Eb Wi cien%l“gl reg?ﬂa

switching regul ator. Each ack s tor has an Ethernet port
for draw power, at.least one circuit.for requlating the drawn .power,
and o T80 e Bbisct 5o Praskyt Fiveniadtn ERIPS suBFnhiAfie SOrSihmRE" & &
power conbiner that receives power from each of the flyback sw tching ’

r egul abetisprimaneand cedunstanbdarakupspewanyia spwardvaiggheietconpadionsher net
device. It should be 4 WD 2006/ 052217 PCT/ S&004/ 000367 noted that,

t ypi cal[0§11]l esEheoasovessiatedeobjectsi vasl Welbnasnethdry bbidctswifeatuiesy apdul at or
than fromthe other flyback switching regulator. [0014] According to one

aspect s@lahages! 65RBpres¥SITh OftiorPRiNasecdivy redtilytapparénisfromf thi Heltdwing
switching regulator i's supplied by a first power source, and power drawn by

Lhe seedidich deAstigWhich 840 rb%%batw&oqjanléﬂgﬂw;ﬁc‘én@ﬁgaeﬁéé@ Bravipyer source

different than t rst power source. Typ a power source be an
Et hernet switch. However, one or both of the power sources could be, as
desired, another

SUMMARY OF THE INVENTION

[0012] In accordance with the present invention, a system and a method for
providing redundant power to an Ethernet device are provided. The Ethernet device
could be any type Ethernet device, including, but not limited to, a VolP phone.
According to the technique described herein, the Ethernet device is designed to
receive power over the Ethernet. Preferably, though not necessarily, the power is
received in accordance with the IEEE 802.3af™™ draft standard.

[0013] A system to implement the method includes a first flyback switching
regulator and a second flyback switching regulator. Each fiyback switching regulator
has an Ethernet port for drawing power, at least one circuit for regulating the drawn
power, and an output port for outputting the regulated power. Also included is a
power combiner that receives power from each of the flyback switching regulators.

The received power is combined and supplied to the Ethernet device. It should be



type devi ce capable of supplying power to an Ethernet port. Beneficially,
each of the flyback switching regulators draws power such that the
respecti vav@posssnszetur ce does not interrupt the suppli edP@fB862004P@BIB] | n
anot her aspect of the present invention, the systemincludes a duty cycle

measurenent circuit and a dut cle contrpl circuit. The., measure t

G roui RotesthatuRicalhe lees powst Wil B reckivpd fTomtone dybacinrwitcliag IpaiERr e
control circuit controls the duty cycle of at |east one of the first and
secondthan/bemithewthenivigck sudighidoeguigiied upon the neasured duty cycle of
the other flyback switching regulator. | t should b e noted t hat two

i dent i §6014] ybaedording toadriengspeng of &eopreseot inventianepolvér drasvt by the ficsicl es
due to manufacturing differences. Controlling a duty cycle could include

i ncr eagy%;ﬁs\gw@mg%@@;amris deppRas bP G first pbwee ¥olifse, [RRLSdweNd@wriby her
aspect, “each flybatk swtching regulator has a shunt voltage regulator.
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resi st ance. rease SW t chi ng regul ator,

the contyol circuit outputs a pul se.w.dth nmodul ate Lgnal,. t hat.,i

tr ans Ditscent g e et Bowae Politea "G, A POE: S5 WAL REE Rl ac or
associated with the flyback swtching regulator being controlled. Mre
par t i c@wiiehy, Hewevesc osiegerabothsoff g ReweILspHrces \woulhfe/ gsdesired, another

PCT/ SG2004/ 000367 that shunt regulator's high inpedance resistance and to
t he retgecdedcecapallbicd sDEplyFigpawerctauareEtharaetpery. Beoeticially t¢anh dfitheack
switching regulator to increase. [0017] According to another further

aspect fybisk SWitehiRgC teyurass! @W?Mgrcwm thetdtheheespetiive ypowercsource
circuit are each a part of a field programmable grid array. |In yet another

furtheﬁoggﬁgﬂné ruéﬁlﬁe@u@?ﬁ%&? Pbmgg_ntion, even if one or both of the

measur ement-and/or' contr cuirts is not operating, or not operating
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cycle measurement circuit and a duty cycle control circuit. The measurement circuit
measures the duty cycle of each flyback switching regulator. The control circuit
controls ‘the duty cycle of at least one of the first and second flyback switching
regulators based upon the measured duty cycle of the other flyback switching
regulator. it should be noted that two identical fiyback s witching regulators could
have different duty cycles due to manufacturing differences. Controlling a duty cycle
could include increasing a duty cycle, or decreasing a duty cycle.
[0016] in a further aspect, each flyback switching regulator has a shunt voltage
regulator. Each shunt voltage regulator includes a reference pin and a high
impedance resistance. To increase the duty cycle of a flyback switching regulator,
the control circuit outputs é pulse width modulated signal that is fransformed into a
DC signal. The DC signal is fed to the shunt regulator associated with the flyback

switching regulator being controlled. More particularly, the DC signal is fed through



maxi m ze control stability and dynam c response of the flyback sw tching
regul ator whose duty cycle is controlled. [0019] In another further
aspect, dowyapobkei17s nmeasured based upon switching pul Bes/sge@doosd by a
flyback smﬁtching regulator The control circuit is further configured to

det er ower, out WI t chi e tor based.u a
nunber ltﬁ% s%ugg lﬁ%"?émi%"’ﬁﬂg‘i 8%0# 8@@9% h‘%B%\@FeQﬁﬁJP'& gﬁ'gbr esul t
of a failure of a flyback swi t chj ng regqul at or, or could be the result of
power Gignabeauses e ity @mc!e@fawaWba@iksmtlaa.re@J Atog e M@paséccording to a
still further aspect, the <control circuit is further configured to

di f f er {0017t e Aetording @ amother funghéroaspaift, thewl ulyhcyae pobassseaenht ainsoiler
supply failure. This differentiation is based upon the nunber of m ssed

swi t chigRg tRE|RBP cy&@%bntrél cirduit ét% S apapf ofa SieRUpRYrdmiidide ghid! FfRsy. |
greater than a certain nunber o SWItChI ng pulses, it is determ ned that a

power ORrenC

mal fun?tjl on O%ﬂtéru@ﬁhg %ﬁ*B Chl n Y&ér.geﬁlua\?%}t% Fgrwéaor%eggtb%g? Otrfcehagon)
not ate rar 020] . Accordin

For ¢ neMeRageantnt BRI eafol FrullS, RaPhBretdManior 6t pPelRing st iend,
flyback sw tchl n egul at or havi ngEthe | ower duty cycle at a stand- 6 WO
2006/ 092YeY immattplesa supplsrirto therEthgmes deNige- i s | ess than that of the duty
cycle of the other flyback switching regulator. This ensures that the

f | yback0G18]t c Mcaprdiagutatarbareficiad aspedhi deercantnoy citopd! & doadignmd dat back
the power it provides to the power conbiner. [0021] In still another

f urt hemaspiet cotths dabiltyCatd eynamid edsminseusft thepybaick sswitchime re@ilatohr ee
states. In the first state, the duty cycle control circuit does not control

any d%sﬁ%&ﬁ{:\{l&!@ié@&ttﬁﬂ%”d state, the duty cycle control circuit

controls the cycl of the second flyback sw tching regul ator based
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pulses produced by a flyback switching regulator. The control circuit is further

not her

configured to determine a loss of power output by a switching regulator based upon
a number of missed switching pulses. Such a loss of power could be the result of a
failure of a flyback switching regulator, or could be the result of power not being
supplied to a flyback switching regulator. According to a still further aspect, the
control circuit is further configured to differentiate between a temporary loss of
switching pulses and a power supply failure. This differentiation is based upon the
number of missed switching pulses. That is, if the number of missed switching
pulses is greater than a certain number of switching pulses, it is determined that a
power supply failure has occurred (which, as above, could be due to a malfunction of
a flyback switching regulator, or for some other reason), not a temporary loss of
switching pulses.

[0020] According to yet another further aspect, the control circuit maintains the

duty cycle of the flyback switching regulator having the lower duty cycle at a stand-



flyback switching regulator is controlled based upon the neasured duty
cycle of the second flyback switching regulator. [0022] According to an
even furt lvep 2a8pent7 of the present invention, the duty epgrkeomentasel
circuit transitions between operating in the various states based upon

changes_in nmeasured duty cycles. Ip this aspect,. a transjtion from.the
1Tt ofavalue dhal i 1985 e dnat &f Be Uy TP Ghen By PYes, Bitick s SVRIRG r o
flyback switching regulator is greater than the duty cycle of the second

f | ybackeguhstochiTigs eogutest tbat the fiyback switching reguetartiadnmithie hiohies duty st

t hreshol d could be an absol ute value, could be a percentage, or could be
any ot bgtletdoee riohcetsbadidthiensbvweatit popvitidsitortea pewebeomddmerdut y  cycl es.

[0023] Atransition fromthe first state to the third state occurs when the

duty cg@dz@l ofintdhf at@atduith¥Pased inecdlitp ¢yEleBanop tirdliedbeFatéd #odie duty
cycle of the first flyback swtching regulator by nore than a second

b
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L LT
first state fromeither of the second or third states when a duty cycle of

one f| ghtheksecpriidiybacis seiehing regrietriusedomsrethe regaswrd ity syeleaf dhe i s

| ess than the duty cycle of the other flyback switching regulator by |ess
t han afitshifhybathrexdtobirdy régdator, ahdsint thier thidhstasholhe dolyl dydle ainthebBst ut e
val ue, a percentage, or any other threshold indicating a difference

bet meﬂylﬁbﬁ%’sﬁﬂ&iiﬁ@ regIBR244 cbntraleceased upbhéiic asnrtired daey Eydls tof aingl
second thresholds are the same threshold, and the third threshold is | ess

t han tgﬁgﬁ%dﬂb tw:@g, ;ﬁ?ﬁkﬂéﬁm ds. Yet in a still further aspect, the

first secon are each twenty percent, and the third
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reasr ggctgucto%tr%}lgilrguit transitions between operating in the various states based upon
changes in measured duty cycles. In this aspect, a transition from the first state to
the second state occurs when the duty cycle of the first flyback switching regulator is
greater than the duty cycle of the second flyback switching regulator by more than a
first threshold. This first threshold could be an absolute value, could be a
percentage, or could be any other type threshold indicating differences between duty
cycles.
[0023] A transition from the first state to the third state occurs when the duty cycle
of the second flyback switching regulator greater than the duty cycle of the first
flyback switching regulator by more than a second threshold. The second threshold,
which could be the same as or different than the firs threshold, likewise could be an
absolute value, a percentage, or any other type threshold indicating duty cycle

differences. Also in this aspect, the duty cycle control circuit transitions to the first

state from either of the second or third states when a duty cycle of one flyback



of the first flyback switching regulator is twenty percent greater than the
nmeasured duty cycle of the second flyback switching regulator, a

transiti owde@eisperating in the first state to operati pQT/SG200veonserond
state occurs when the neasured duty cycle of the second flyback sw tching

regul ator is twenty percent greater than the agured duty, cycle of the
first Pyijeniog F@W[ﬁé}ﬂi’%@sﬁébﬁ'ﬁgﬁ%ﬁ?%ﬁi@'@a"fﬁhﬁr%tggi'ﬁ afg‘cﬁﬂ“t‘éi“i'a;@g #M8M second
or third state to the first state occurs w hen one neasured duty cycle is

| ess t hptedsethaper thindtthrasbatder Agaianthis thist theeshaid sonlddbelanabsolitte valBrl EF
DESCRI PTI ON OF THE DRAW NGS [0025] In order to facilitate a fuller

under shrdtdrtagé, drivhypsthaethirestivig indicating 4 difieremaebetwerovdutpdgclies. t he
appended drawi ngs. These draw ngs should not be construed as Iimting the

Presentoda{entiholh ebih 8fiferl B85aCthe firsP QrAXEEaIr thréshdlds dr@ ARElsameure 1

depictS an"Et hernet device recelVving power via redundant Power -

Over - Ejhernet, conpecti. i [ it ' -present
nvent TERNigosH T tdheehaff Bres REM. et teEand Sebafd BRE TS 08It For
network device in accordance with the present invention. 8 WD 2006/ (052217
PCT/ se@cfﬁﬁ/faﬁbgeasp?@om %%n%w%ﬁ%%@@d#@v%ﬁag i PHENHy PETGeR g
accordance with certain aspects _of the present invention. [00291' Figure 4
depi ct theathird\ihreshiolcbis ten pareantdabius, in this espeel A teypdionsfrom eprraling dsent

i nvention. [0030] Figure 5 depicts a duty cycle control algorithmin

accor dinrcfrstsidie teopearatingdn ke secofd state peesmsnivhemvies measurdEdaiy dle
DESCRI PTI ON OF A PREFERRED EMBODI MENT [0031] Figure 1 is a sinplified

depi ct ppthePfirst fiVBAEK Eﬂﬂ&ﬁn?%glx%r 5 SHARINKE Do RBME [greated g 4wl Aidasured
Power - Over - Et hef net connections in accordance with the present
duty cycle of the second flyback switching regulator, a transition from operating in
the first state to operating in the second state occurs when the measured duty cycle
of the second flyback switching regulator is twenty percent greater than the
measured duty cycle of the first flyback switching regulator, and a transition from

either the s econd or third state to the first state occurs when one measured d uty

cycle is less then ten percent greater than the other measured duty cycle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] In order to facilitate a fuller understanding of the present invention,
reference is now made to the appended drawings. These drawings should not be
construed as limiting the present invention, but are intended to be exemplary only.
[0026] Figure 1 depicts an Ethernet device receiving power via redundant Power-
Over-Ethernet connections in accordance with certain aspects of the present
invention.

[0027] Figure 2 depicts the architecture of a power supply for a network device in

accordance with the present invention.



I nvention. O course, the device associated with the redundant
Power - Over - Et hernet connections could be any type network device. As wl|l
be under stwodogbmerrit he di scussi on above, a | EEE 802. 3af iti/dGadoesizendar ds
conpliant Ethernet switch 105 supplies power via a cable 110. The

Power - - Et her net _power, source could be, . as desired, separate from an

i hor nSH38k « RoRs3 GRPTCtR Gk oL ihG: CiNEeinRSORIATAR Wi Lot et ZAORATBS
conpliant Ethernet switch 105A and a second | EEE 802. 3af TM draft standards
conpl i @hthempresenkinvenfiansh 105E each supply power to the Vol P phone 101 in
accordance with the present invention. Power fromthe first switch 105A is
suppl i §@D24]a aFifjuresd dERCISTRPOAM &iltddi rOAccanddnpeweth ¢ edaintdnspessts ofidhswi t ch
105E is supplied via a second UTP/ STP cable 11 OB. |If power is unavail able
via ongréerk fiventighl es 11 OA or 1106, the other one of cables 110A or 110B
supplies power to the VolP phone 101. [0032] As shown in Figure 2, a power

Sor oS o0, SYaPidy SRy el EomiTratgotn FERkodRane i ity o

Regul at or 201A, .dr aws wer from cable 110A, and regulator 201 B 9 WO
2006108589 SMW&?W@@ - draws power from cable 1106. Regul ators 201A
and 2016 are connected in parallel, wth one serving as a hot standby
(secondary). Each is capable of supplying, at its respective output, the
required current, at 3.6V in the exanple discussed herein, to power the
Vol P phone 101DEAAILEDIDESCRIBTIONF mPREFERREDEMBOMIMEMNT a regul at or
201 serving as the hot standby draws at |east 10mA of power so that the

Et her n@uosgwi tRIGuiD? inasinpificiidepittion baa VEP ptheM 01 treaneisives powdel i ver
power. [0033] Each flyback swi tching regulator 201 includes a flyback

" chi b { at ed
SW t chifag E%d'l , gﬁi}%w&ﬁ%&ﬁ%&ﬁrp%@%%ecﬂ&ﬁs irf AeEHRIanRE W@h%@a%’“g late

with fsr contro 66 associated wth fsr ach

fl ybac @%%EQQQ%OQF%S ' Bevid %sg@!i:%%d ith HHE FocftindBAEPoNERTVEr & femt t N

MOSFET
connections could be any type network device. As will be understood from the

fTM

discussion above, a IEEE 802.3af'™ draft standards compliant Ethernet switch 105

supplies power via a cable 110. The Power-Over-Ethernet power source could be,
as desired, separate from an Ethernet switch 105. As shown, a first IEEE 802.3af ™
draft standards compliant Ethernet switch 105A and a second IEEE 802.3af ™ draft
standards compliant Ethernet switch 105B each supply power to the VolP phone 101
in accordance with the present invention., Power from the first switch 105A is
supplied via a first UTP/STP cable 110A, and power from the second switch 105B is
supplied via a second UTP/STP cable 110B. If power is unavailable via one of the
cables 110A or 110B, the other one of cables 110A or 110B supplies power to the
VolP phone 101.

[0032] As shown in Figure 2, a power supply 200 for the VolP phone 101 includes
two identical isolated Flyback Switching Regulators (fsr) 201 connected together 205

at their outputs. Regulator 201A draws power from cable 110A, and regulator 2018



and MOSFET 207B associated with fsr 201B. A power transfornmer 208 is al so
I ncluded in each flyback swtching regulator, with power transfornmer 208A
associ at edqvoweds/obzn7 201 A, and power transformer 2086 asBOTRGR®d00036h fsr
201 B. [0034] Additionally, an optocoupler 209 is also included in each

fsr 201, wth optoco 0 ocCi sr 201A, upI er
2008 <9iu BT WpTIAtIa T 1061 BedblRinrs 7 Bhany 2 Brerrornestibingirald B <o
i ncludes a shunt vol ta%Q regul ator- 210, wi.ith shunt voltage regul ator 210A
associ witk®nei sevingraa hat siantibynisacondasy). aach dgcraable ofSUIBIViAG .o it ed

with fsr 201 B. [0035] Also included in the power supply 200 is a duty

cycl e npeuts mo?aucitheubm;ré’d@umdt ,aatdubY io ot exampie discissediherdfto each
to be d| scussed rther bel ow. Each regulator 201 is designed to function,

'n a rﬁ&ggreg‘-ae{ Yo b ﬁéﬁ’éhb‘l Rl SQQlélsén!%d hﬁ‘ﬂetazl%rth@rt BeloW, aCidgtildtds 215

and/ or" 2 Is, power wll still be supplied, at t he required
vol t ag ta. .t | gp TR cuit
215 neg(ghrsgg} ‘@agqhgn@% n&@ld egfg!?a-rgggaﬁﬁ Bé?f?at t glisecgﬁle({g?{/ si de
of each res tlve t r..208.. 1 2006/ 052217

PCT/ SY 8@%3@?"0‘ ﬂh{ﬂf’ﬁ?ﬁ Wﬁ@gﬁ?ﬂ‘@ﬂ“%% Vqﬁ‘fq{d’cﬂﬁ ses the duty cycle
measurenent circuit 215 derives the duty cycle for each regul ator 201.

[ 0037] [0838hus eEach | sk §Wltﬁblﬁ‘i§ng99'é‘§tﬂrat2@ﬂ snpludprer at B¥bagk SWIKHHA nuous

node, the nmeasured switching pul ses may vary from-4V to 3.7V. This
var i angguiator eohtrsliart I R66f eithdeayitraller pE02RBA iasgociated wilkatsn Z00A, 20 i s
associated with a respective level shifting circuit 225 which converts

meas ur gshtfet ¢8I 2UER Uks6Siated Withlifgl PaiBy Essiiviiadk switeihggegliater! 2011 yback
switching regulator 201A is associated with level shifting circuit 225A,

and fsazft%g&clﬁdééaw ratﬁﬂamtzh?' Wﬁﬁ'!ﬂé}'@ﬁé‘ﬂ QQ?R'é&Bbfaté’@ﬁﬂh stzgthe 3is

a deta repres ation of I"evel Ifting circuit shown, | evel

S 5% m&g%@%‘%y 04550 bl 99P00%BO%R bawaﬁwa%%fcw& b s

resi St%

included in each flyback switching regulator, with power transformer 208A
associated with fsr 201A, and power transformer 208B associated with fsr 201B.
[0034] Additionally, an optocoupler 209 is also included in each fsr 201, with
optocoupler 209A associated with fsr 201A, and opiocoupler 208B associated with
fsr 201B. Each flyback switching regulator 201 also includes a shunt voltage
regulator 210, with shunt voltage regulator 210A associated with fsr 201A, and shunt
voltage regulator 210B associated with fsr 201B.

[0035] Also included in the power supply 200 is a duty cycle measurement circuit
215 and a duty cycle control circuit 220, each to be discussed further below. Each
regulator 201 is designed to function, in a reduced functionality mode, should either,
or both, of circuits 215 and/or 220 fail. That is, power will still be supplied, at the
required voltage, fo the VolP phone 101.

[0036] The duty cycle measurement circuit 215 measures switching pulses of

each regulator 201 at the secondary side of each respective power transformer 208.

10



transi stor connected in a conmmon emtter topol ogy. Wien output fromthe
flyback's transformer is at IN, the diode is forward biased and pulls the
base of tiwo6masRitstor to 3V. This effectively turns of Pcrlha2mamcmet
through the transistor and the circuit outputs O\/ at the Digitized Qut put .

When ouyt put. fromthe fl ck's, transfornmer, s -4V, the sign de is
r ever s SAFCHMRPNARG mﬁ%&%’&geﬁ\'ﬂichi%ﬂ“ PaARE gpbf cyrge G?S‘{rSW&Phg" !i'ﬁ
wi |l cause the current through the transistor to flow and the circuits

out put slesivesithesddy cyclerfheeptiyregulaier @diput . As desired, a P-channel MOSFET
may be substituted for PNP transistor with the sane results descri bed when
the PNf0O37)useBecdu3@38] fiyhacic ewitehingd regulatoni 241 poperates imndiscdrtinu20d ar e
sent to a field progranmable grid array (FPGA) | C 230. The FPGA 230

Measur @odd)qhe liﬁéfaswéa wRthing psed faybvarg GramI-idNdtd BT \R! TRRY Ydriihcefis a
transformer 208 charging tine to the rest” of the swtching period. The

o be 40 shERIARTORT e RS i%%@éﬁ*‘%%%%%ﬂ%%%ﬁi%8%%#*‘*’?3339]

Al so, ur enent ults are us od tec bei ng
Suppl | Seven,PHTRG st 295 Vuhich FprnuEts dpeaSued, Siteting Bl TEE daifiVbe  due
toa failure of a fsr 201 itself, or by a failure upstreamof a fsr 201,
such asompetile vatagesigvek hFiybgck switchingi *‘é‘-gﬂ!@or iR s pgeecipted wikh el er t he
cause, is indicated by a threshold nunber of switching cycles in which no
SW tchishﬁtimgilcﬁreuit Latfgsamcbdsr BOIB ist hssadiated withbevelmaliftowy cirsuitieddbBed. | n
one preferred inplenentation, the threshold is set at 50 or greater

swi t chiFRgureys isea detaifee repRssartstiobf afbve) Sﬁ'ﬂﬂtlﬁﬁ circhit 228ur A, shewrd¢siel ed,
the threshold may be set at a nunber greater than 50, or |less than 50.

Short ergp, gcgii’&;@ézé‘ @n’%‘!’"dfo‘alé' iﬂ%e%b%ﬁﬁi a haflast He%%?oﬁéiﬂ:l"a ENequal

to 50 svmt I Nng cyc es of the exanpl e above, are ignored, because the

[ o9u sl orlecfati 4 B3Mmsh BRAENBpYI0EY WRbnSRBEAHSm MBS Ul Ses

for su

transformer is at 3.7V, the diode is forward biased and pulls the base of the
transistor to 3V. This effectively turns off the current through the transistor and the
circuit outputs OV at the Digitized Output. When output from the flyback’s
tranéformer is at -4V, the signal diode is reverse biased and the base of the
transistor is pull towards OV. This will cause the current through the transistor to flow
and the circuits outputs about 3.3V at the Digitized Output. As desired, a P-channel
MOSFET may be substituted for PNP transistor with the same results described
when the PNP is used.

[0038]) The converted switching pulses from a fsr 201 are sent to a field
programmable grid array (FPGA) IC 230. The FPGA 230 measures the duty cycle of
a fsr 201 by comparing the proportion of a transformer 208 charging time to the rest
of the switching period. The result of the measurement is sent to the duty cycle

control circuit 220, to be discussed further below.
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of time [0040] The duty cycle control circuit 220 utilizes the measurenent
results generated by the FPGA 230 to select the regulator 201 having the
| ower dut weymwkes221d i ncrease that flyback sw tching regeCHEG2008/000367
contribution to the current supplied to the Vol P phone 101, even if the
duty cycle neasurenment circuit 215 indicates a power failure associated
with t%@%‘]sr Als0, t ehen dasuraroentrasuily arpe! sesika d gtac) i ty oy @ awer Isiheing
secondary fsr 201. Each fsr 201 A and 201 B is associated with a potenti al
di vi desupplesi by ar f23H)1.s iiosould dehaofedgiae s ek poft poweratouldvivel duertosa st or
235A and potential divider resistor 235B. The duty cycle control circuit
220 nardipké ¥F eSfsr R ICKEIE Yy By 8MaingE dhiveraaet enlal Ry 2di1yisden dsesikthemel35
associated wth the secondary fsr 201 to increase its current contribution

vor o okufof e Br 105t 410 OBolii Salihes HRPHAHBPNRE chlsb R indated By al 007

More parti e duty cycle conttol circuit uts a pulse width

nodul at,ed (P vef or t 150 KHz wth setti fr 0 0 Y oin
cteps. INosheRIbEEIOCT PG Saton bt SHCBRo It b HSattelucty 5 s
Each fsr 201 is associated with a PAWMfilter 401 shown in the Figures as
filter dhrasholdapymbersmaynseb@n degiied- i 40 senr RrsTarrRd powlemenigipnadhe (shown
in detail in Figure 4) to reduce the anplitude of the PWM waveform to

1. 24V, thveshtidiis sehat 5Goegrealet switching cyaés obnoengagurad switchimggrlse. Wl t age
regul ator 210. It will be understood that the PWM signal will be sent to

t he PWebufdel, g dédirbdasis® ehriebholdwinkl Behsetsacantdmbyer greatéylthah0B0i Zr 18s&\W
filter 401 has a | arge capacitance 405 connected to ground so that the

%M%%P%Qﬁ@igur&fj sw(f)tgh@gﬂtﬂgés,ii.%.,fsébé o OqieH) nd.

al ternatl C Wit
Becausggéo gg'aﬁlsragi tarEu)c t he out put PW filter 401 is a direct

e R e R o T

refer eg?: e20F1)iBntth isasgc%%régr; ?n%l;/l r%togrenerate switching pulses for such short periods
of time
[0040] The duty cycle control circuit 220 utlizes the measurement results
generated by the FPGA 230 to select the regulator 201 having the lower duty cycle
to increase that flyback switching regulator's contribution to the current supplied to
the VolP phone 101, even if the duty cycle measurement circuit 215 indicates a
power failure associated with that fsr 201, The fsr 201 having the lower duty cycle is
the secondary fsr 201. Each fsr 201A and 201B is associated with a potential divider
resistor 235, shown in the Figures as potential divider resistor 235A and potential
divider resistor 235B8. The duty cycle control circuit 220 manipulates the current flow
of the potential divider resistor 235 associated with the secondary fsr 201 to increase
its current contribution so that a switch 105 will continue to supply power to that fsr
201,
[0041] More particularly, the duty cycle control circuit 220 outputs a pulse width

modulated (PWM) waveform at 150 KHz with settings from 0 to 100% duty in steps
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210 via a high inpedance 410 of 300Kohns. [0043] Wen the output of a PW
filter 401 is set to OV, this causes a small (<2% increase in the output
vol t age ofwa2eilswsi2iv egul ator 210. This increase is appl PetisGoosuioenss?
secondary fsr 201 (i.e., the flyback switching regulator 201 that

The ' r BB bty LRIl Py EA Bo D BB bl A BV G o

phone 101 is because of ordlnarll 0CC uf.acturing, differences
i ch FBGWNIN e idures 8RdUrS 41 AaNEdo o TS EVL ioRgae et e P Yihck
swi tchi ng regul ators 201. For exanp one fsr 201 may have an out put
vol t agéitered®1 (shavin & datail mFlg@r@ﬁ&)tme&dueedhe anapdude of ma PWMweavedgn
setting of 3.58V. Thus, in this exanple, the 3.58V fsr 201 would be the

secondéy v1.24v, Mhich [i@Qﬁé] safherievelr ag thecwid@ngel woltad@l oflel ebust Molthget s
out put voltage exceeds its output settings, it reduces its output current

to bri E@qm%«gr%bpwt W 'BeaGﬁdQI%Y&bd fHat RO sRAGAUAIE behearUbime m@Mage of
t he ot om nat e) i's greater than 3 WO 2006/ 052217

ol i iﬁéﬂ%ﬂ@ﬁ%?@oce%%ﬂary%g%céaéé&@ﬁ%2? educe. even when' the
of 1 nel4ontA BYFERer i hes alayte bepretartiec it fonnebted it bralhd St “when
the duty cycle control circuit 220 raises the secondary flyback sw tching

regul aths 'altemating: cuorpbdaCy ctampenentostihe F\MhAL4QK is rféted@ﬂn iRagEoUsk | t he

nmeasured increase in the secondary flyback swtching regulator's duty cycle
i s i nBiecatse ef odpdditanse d6hdtheyoutpyubalctke WV filtergt(rieigld direct cairmunt PDE)
vol tage setting approaching that of the dom nate fsr. As the secondary

i g S s e TR A R A e G
phone 101 to

mai Nt airfel bk QUEPH PWRI HiRIUGELIs EdHhecld B alrBRorbREAbirtHf &%MNunt regulator
210 via a high impedance 410 of 300Kohms.
[0043] When the output of a PWM filter 401 is set to OV, this causes a small
(<2%) increase in the output voltage of a shunt regulator 210. This increase is
applied to the secondary fsr 201 (i.e., the flyback switching regulator 201 that
contributes the least, which could be zero, current to the VolP phone 101.) The
reason why a secondary fsr 201 contributes less current to the VolP phone 101 is
because of ordinarily occurring manufacturing differences which result in differences
in output voltage settings between flyback switching regulators 201. For example,
one fsr 201 may have an output voltage setting of 3.6V, while another might have an
output voltage setting of 3.58V. Thus, in this example, the 3.58V fsr 201 would be
the secondary fsr 201,
[0044] Whenever a secondary fsr 201 detects that its output voltage exceeds its

output settings, it reduces its output current to bring the output voltage down. Of

course, because the output voltage of the other (dominate) fsr 201 is greater than
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delivered to the Vol P phone 101 is consistent. [0046] The duty cycle
control circuit 220 utilizes a control algorithm shown in Figure 5 to

regul at e twe 26026k switching regul ators 201A and 201B. pdhveGadogoedazsthm
begins at step 501 in which both flyback switching regulators 201A and 201B
are allowed to run without intervention fromthe duty cycle control

ci r cui the2aotputivoliage of HEs setendady fipof0 . Hbe mydpulrwitaget of thesasopdasaish fsr
201A and 201 B, the algorithm determnes if fsr 201A has a neasured duty

cycl e poeR iy s eetiugs antar wheart Hehadcamfdary sr r2RiUcBs i tsf o otput capenitd ons
continue with step 510 in which the algorithmdetermnes if fsr 201B has a

nmeasur ggrAUfYoth¥FWBrd\VERd B AEBERIR prakert Starhplawill Rfwa Rl bé shealtdd at fis the

determnation in step 510 is negative, operations return to step 501.
[ 0047] OPMt step 503 it is determned that fsr 201A has a neasured duty
cycle ty percent greater than that of flyback back sw tching regul ator

201 B, ations ontjnue wth step 505 sl.e 5 the a el

det er niG04B]; 1 \When,hes ghbi cu COESF‘EH Eirifit f@b i Sﬁgﬁ e “{?ﬁ fb}f?ggi‘
measured duty cycle of fsr 2018 plus ten percent. 14 WO 2006/ 052217

PCT/ SGeoiahiogozgnlater's sutpupettegeoseitingdesertle batpfdbe. deminate tsiodBe ati ons
continue with step 506 in which the algorithmdetermnes if both the
measur etkabutryd dpcleasefinf Hre 2etdndaryt fiyback syiichiogt reguiatoes dutyncydieatis of fsr
201B and the PWM output to fsr 2016 is less than 93.75 percent. If so, at

step S@ydikdtrePVYM thist Bedoridary sflybaek B.vit&ih@cre?lmdr’wyoﬁp% voftege esdttingrr om
step 507, operation continue with step 505, described above. [0048] If the

o RPN LRSS AR SO LG fdptiore, 07
R S T R S A R L
6. 25% e Sl R9B0R0T g6 MANIAR isdariemi ARG Fetthds: Thusos elalegiiate. ~
operal idgﬂ\?erzgqg itt?elaj slo\lg tpiqogtte %%1 5!&? gbnsdigtse%;.i bed

[0046] The duty cycle control circuit 220 utilizes a control algorithm, shown in

Figure 5, to regulate the flyback switching regulators 201A and 201B. The algorithm

begins at step 501 in which both flyback switching regulators 201A and 201B are

allowed to run without intervention from the duty cycle control circuit 220. At step

503, based upon the measured duty cycle of each fsr 201A and 201B, the algorithm

determines if fsr 201A has a measured duty cycle twenty percent greater than that of

fsr 201B. If not, operations continue with step 510 in which the algorithm determines

if fsr 2018 has a measured duty cycle twenty percent greater than that of fsr 201A. If

the determination in step 510 is negative, operations return to step 501.

[0047] if at step 503 it is determined that fsr 201A has a measured duty cycle

twenty percent greater than that of flyback back switching regulator 201B, operations

continue with step 505. At step 505 the algorithm determines if the measured duty

cycle of fsr 201A is less than the measured duty cycle of fsr 201B plus ten percent.
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above. [0049] If the determination in step 510 is positive, operations
continue with step 512 in which the algorithmdetermnnes if the neasured
duty cycl avotovs®s22201 B is | ess than the measured duty egTisezmi/obiss? 201A
plus ten percent. If so, operations return to step 501. If not, operations
continue with step 514 in which the algorithmdetermnes if both the
measur Hdsalueperetiens refurn e step G871 s Ift AEt topepRliiaNsHEOHNLUR Witht i8R 90N of fsr
201B and the PWM output to fsr 201A is less than 93.75 percent. If so, at
step Sdhictt fhe Abtitmt petertronés if M1 Ahe seasuredhdaty byclé of $smp20 e thify om
step 515, operation continue with step 505, described above [0050] If the

det er MhBAlen? raddtef titth it dfFsNeOBiatRl tHePPWAV UiputcNs IR0A Brist less ttlegn 516
in which the algorithmdetermnes if both the neasured duty of cycle of fsr

201 B 9?.;7512 YEabN PRIGSU: s@éa@p?[tngm_n&zga%&fm frse 2@?@/5?% fﬁﬂﬁieéée& Bg o

out put is”" "gre ercent. I oper at |

continue with_step.517Z.Ln whigch the. PWJ.o0u fSL | S decreased by
6. 25% PRIGSHL s PR $1EP g%?' oReTafion cqmtings ‘5%%%%3’%%‘?%@8@000367

determ nation in step 516 is negative, operations cgntinue ,wth, st 512,
descr i F#B1abdy the peesTinationsAlcpp B0HS gedative Reralicns soetinte Wi iep
above, if one fsr 201 is determned to have a duty cycle much | ess than

t he ot B88,in whichdtieyalggnthen determines if bothuihe peesimedrdisly ©f cydliefJecoithr y
flyback switching regulator’'s PWM duty in steps of 6.25% The algorithm

const apf hwerayiperdent gheatBy\Whahithat tof fére2( B had sethenBW outpytttaclsr 204 Bdsi ng

regulator's duty cycle 12 to 19 percent bel ow that of the dom nant flyback

SWi t Chg%téﬁaq@%%iﬁe%ém. ClY Q- opER&ticHSIEShINYE MitROstdBLS0Y Sn WD ths ops i n

ht
t he domm nant yback swtching regulator's duty cycle, in which case the

"0925) POt T, 205 i St S e fon oo MY
operat %Igteir%ination in step 508 is negative, operations continue with step 505, described
above.

[0049] If the determination in step 510 is positive, operations continue with step
512 in which the algorithm determines if the measured duty cycle of fsr 201B is less
than the measured duty cycle of fsr 201A plus ten percent. [f so, operations return to
step 501. If not, operations continue with step 514 in which the algorithm determines
if both the measured duty cycle of fsr 201B is thirty percent greater than that of fsr
201B and the PWM output to fsr 201A is less than 93.75 percent. If so, at step 515
the PWM output to fsr 201A is increased by 6.25 percent. From step 515, operation
continue with step 505, described above

[0050] [f the determination at step 514 is negative, operations continue with step
516 in which the algorithm determines if both the measured duty of cycle of fsr 201B
is twenty percent greater than that of fsr 201A and if the PWM output to fsr 201A is

greater than 6.25 percent. if so, operations continue with step 517 in which the

PWM output to fsr 201A is decreased by 6.25%. From step 517, or if the
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one of three states. In a first state, the difference between neasured duty
cycles of two flyback regulators is not significant, thus the duty cycle
control ciweoueds/ogres not actively control either flybackCegGr®hionngs?
regulator. In a second state, the duty cycle control circuit controls the
duty cycle of a second flyback sw tching regulator based on the neasured
duty cyeteemirfationf inrstep fAtpoisalegative capergtiong woatioue with stepHitdl dasgribedt he
duty cycle control circuit controls the duty cycle of the first flyback

swi t chigBgyé egul ator based on neasured duty cycle of the second flyback
switching regulator. Transition fromthe first state to the second state

s triggmad V)&%hg)p@aﬁf@urs% Y dR¥GESPIn dfeité'iﬁbbi){!é/.bﬁcdfneﬁﬂht 201 ng

regul ator 1's signi greater than second flyback sw tching

regul ator. Trapsjt.i fr f hj | iyger ed
wnon 1 HetermA@lieh =48, SO b D8 rh UER Lt Hirar th Ofher Lic aBhPé folp T il
significantly greater  than first f ack. swi t chi r 2094l r. JIransition
fromt ﬁﬁc%eé@\m@am fhis sece W(gyb%@ S‘f’“‘fﬁ%’?g 5?%@%“1" SM giblg’r @dsqﬁpﬁen t he
difference i n neasure duty cycles for first flyback regulator and second
f I ybaclof Be2fifloat bhe ialgersben congianitpadiustabe BYModuty te kreh B se0 67

[ 0053] The algorithmsets the duty cycle of the secondary fsr 201 such that

the ségpacdaswitthiphaegulatirtschitpgyciegi & 40’ perdentybelpwl that of the dominasd at a
stand-off value less than that of the domnant f sr's duty cycle. This is

per f or Wga&@§ﬁﬂéﬁn?freﬁbl%tor%?é@ﬂ?d?fcie.f Thethlgbritve biso deteatiesharpi dropedse
hi gher than that of the domnate fsr's duty cycle, the output voltage may

exceed ﬂﬁ)@? g&\'iﬁm%idltﬂaﬁ%l% Qﬁgcéiﬁiﬁé b Harsidifly Qgéﬂa“ WOhichTase the algdhitimaatie, the

dom nat C ts¥cuarrent cohtri ution to zero " percent,

degr oc BMeAEEB e B0 The NBRASTE Bal Sof e Tty cyl e control cireuit 220

U i 40053le. STy, SRPEVGE 1a 4R ASGBIRD: {1 JuNeER COMESBEuReneaRan

However, due to the activity of the Vol P phone 101 (or other

Power - @nerefihres sttesduigfitshistate, the difference between measured duty cycles of
two flyback regulators is not significant, thus the duty cycle control circuit does not
actively control either flyback switching regulator. In a second state, the duty cycle
control circuit controls the duty cycle of a second flyback switching regulator based
on the measured duty cycle of a first flyback switching regulator. In a third state, the
duty cycle control circuit controls the duty cycle of the first flyback switching regulator
based on measured duty cycle of the second flyback switching regulator. Transition
from the first state to the second state is triggered when the measured duty cycle of
first flyback switching regulator is significantly greater than second flyback switching
regulator. Transition from the first state to the third state is triggered when the
measured duty cycle of second flyback switching regulator is significantly greater
than first flyback switching regulator. Transition from the second or third states to the

first state i s triggered when the difference in measure d uty cycles for first flyback

regulator and second fiyback regulator is less than 10%.
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utilizing the present invention), there are fluctuations in the current
demand. Therefore, the duty cycle control circuit 220 nust be able to
respond qwekeog/osrzi7 mai ntain the margi n between the dom péarsGt®r/oss6ut v
cycle and the secondary fsr's duty cycle. A larger PW step size achi eves

a fast onsg. T et r 1) t Lt '

res pon&@a :ﬁ?eep a&og@lgfé)eg; 2'@3%/0‘:‘1%@'J 8¥‘?€rdget§? (S%};ggg%‘{yr %E%gt %&aﬁag 5h% | zes,
as desired, could be util.ized. %0055 The present i,ngintion ia t to be
i mi t e@eFoNdans HyDBGK BRHCRIpEJPEVIBIOTEHHYIGYER: I8 rRRINIAINGR &t Restant-of Yaiked,
various nodifications of the present invention in addition to those
descri ss thanethat off Ithe Woraippat tarls ddtyt eyl ofhis ks Iperformedcbecausef if dhe t he
foregoi ng description and acconpanyi ng draw ngs. Thus, such nodifications

are i nsecsiethry dsif @bty oviddisnidde tocinpeast Hibkeraghpentiat of kit demidateiér's
2006/ 052217 PCT/ SG2004/ 000367 CLAIMS Wat is clained is: 1 1. A redundant

power augp&rwé,qne %tgﬁit%ﬂa@é nﬁwaﬁ,eeem@mdtﬁbmﬁtageasé‘ég%bg igHeY@@fﬁhate

switchin egul ator 'having™a fi1rst Ethernet port for 3 power, at
| h . . . h 1 . . i
ror - aud Pt pha cof PEGHHRaR o M Aa 20F 0B RE ool Rohlrbfhipfi o P

| at havj d Eth t t f 6, draw , t | t
one ci PERALASER NG RUTBOs Bt ey sysle contiphicllbedha 7 output port for

out putti nﬁ%t he regul ated power; and 8 aNPower conbi ner configured to
conbi nE0QGM poihe degrepuaf gacyraayef the FWM oulpuy phthe dullytayrlenepntea) girawibr and
the power output fromthe second flyback switching 10 regulator and to
suppl y220eis obadifmest tpdwdandeo betveedtt Istabildy atel/idgpamic rdspnsEhe A edwaligéant
power supply of claim1l, wherein the Ethernet device is a Voice
PWM discrete step achieves a stable duty cycle for the secondary fsr. However, due
to the activity of the VoIP phone 101 (or other Power-Over-Ethernet equipment
utilizing the present invention), there are fluctuations in the current demand.
Therefore, the duty cycle control circuit 220 must be able to respond quickly to
maintain the margin between the dominate fsr's duty cycle and the secondary fsr's
duty cycle. A larger PWM step size achieves a fast response. To meet both
requirements (stability and dynamic response), a step size of 6.25% is utilized. Of
course, other step sizes, as desired, could be utilized.
[0055] The present invention is not to be limited in scope by the specific
embodiments described herein. Indeed, various modifications of the present
invention in addition to those described herein will be apparent to those of skill in the

art from the foregoing description and accompanying drawings. Thus, such

modifications are intended to fall within the scope of the appended claims.
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2 Over Internet Protocol telephone. 1 1 3. The redundant power supply of
claim1, wherein: 2 the power drawn by the first flyback sw tching

regul at or we 2emppizied by a first 3 power source; 4 the powsGmnawicby the
second flyback switching regulator is supplied by a 5 second power source
different than the first power source; 6 the first flyback sw tching

regul ator draws power through the GLAMSEt hernet port 7 such that the
first power source does not interrupt the flow of power to the first 8

Et her n@fha10¢ Elaimaedlist8 WO 2006/ 052217 PCT/ SG2004/ 000367 9 the second
flyback swi tching regul ator draws power through the second 10 Ethernet
port such that the second power source does not interrupt the flow of power
11 to the second Ethernet port. 1 1 4. The redundant power supply of claim

1, further c LIS)0g. V. éﬁ%%g{e id£cuit configured to
rrea{suri' ﬁ@&d@lﬁﬁ@h@é’c@ﬁg %.\\p?qtﬂiégr @%ﬁﬁgﬁi fly aeégsgmrit%!:rﬁng regul ator and the
duty cycle of th econd .f |l yback j tchin 4. .regulator; and.b cycle
corftrol ciraulinst 2‘5&??'@&“@@%@ 5%9\‘{%? F 4y, lﬁé"'ssya’ke’%?f QPHI @és&ag}rﬂ@/ 6 of
i) the first flyback sw tching requl ator based upon the neasured duty cycle
of 3 hepowereddeastiongeirwitiarreaulagng dayrideawn pawer; aiyd enfirst aethivd PertyiBhick
switching regulator 8 based upon the neasured duty cycle of the first
f 1 ybackupitirghthegegelgtedpower;l 1 5. The redundant power supply of claim 4,
wherein: 2 each flyback sw tching regulator includes a shunt voltage
regyl ator hgvk&ébrl flyback switching regulator having a second Ethernet port for

6 drawing power, at | east one circuit for regulating the drawn p ower, and a second

7  output port for outputting the regulated power, and

8 a power combiner configured to combine the power output from the first

g flyback switching regulator and the power output from the second flyback switching

10  regulator and to supply the combined power to the Ethernet device.

1 2. The redundant power supply of claim 1, wherein the Ethernet device is a Voice

2  Over Internet Protocol telephone.

1 3. The redundant power supply of claim 1, wherein:

2 the power drawn by the first fiyback switching regulator is supplied by a first
3  power source,;

4 the power drawn by the second flyback switching regulator is supplied by a
5 second power source different than the first power source;

6 the first flyback switching regulator draws power through the first Ethernet port
7 such that the first power source does not interrupt the flow of power to the first

8 Ethernet port; and
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3 reference pin and a high inpedance resistance; 4 to increase the duty
cycle of a flyback switching regulator, the duty cycle 5 control circuit
out puts awobew/osizdt h nodul ated signal to the reference pPCIsGeivangliet he 6
hi gh i npedance resistance, of the shunt voltage regul ator associated with

the 7 flyb ksvvitcin regul or _having the contraoll ty, cycle nd8
he Sut pu P < 85GaTaL 11V Raek SR grcwaths ' diaus monrsatyel dnees

pri or to reachin the shunt voltage regulator. | 19 WD 2006/ 052217
Pcﬂ/osezfétbwrrmjmt?su that theeseeanerRRINE" JBiReS d@@@ppyfmrr@mwwbw ofhrRowen t he
duty cycle measurenment 2 circuit and the duty cycle control circuit are
eacH a fpahe setord Ettedrdeppodr ammabl e grid 3 array. 1 1 7. The redundant
power supply of claim4, wherein power is supplied to the Ethernet 2
deviqce irrespective of operation of at |east one of the duty cycle
measurenent circuit 3 and the duty cycle control circuit. 1 1 8. The

redqnda@t Rg\‘xg&aw w%fr Sﬁéﬁ{grgfﬁalwierfggﬁ?g%}ﬁngﬁ%}{%pycl e control circuit

is 2 con Igure XI'm z tro ynam c response of a
flyback swtchi requl at or havi ont IIed dut y. cycl e. 9. The
Fendndant | pdarBersTh JesuEarRl B dhagRred qwa&aﬁﬂf&ﬁv& el oF e
circuit neasures the duty cycle of the first flyback sw tchi ng regul at or
bas&d ufﬁféhﬂma%wﬁ@“wrg%lag}romft&f Hyty: pcle jof éhe faeyaaé Klyback gwiighingg
regulator; 5 the duty cycle neasurenment circuit measures the duty cycl e of
t he %ecmdl_ator; and

5 a duty cycle control circuit configured to control the duty cycle of at least one

6 of i) the first flyback switching regulator based upon the measured duty cycle of the

7 second flyback switching regulator and ii) the second flyback switching reguiator

8 based upon the measured duty cycle of the first flyback switching regulator.

1 5. The redundant power supply of claim 4, wherein:

2 each flyback switching regulator includes a shunt voltage regulator having a
3 reference pin and a high impedance resistance;

4 to increase the duty cycle of a flyback switching regulator, the duty cycle
5  control circuit outputs a pulse width modulated signal to the reference pin, though the
6 high impedance resistance, of the shunt voltage regulator associated with the
7 flyback switching regulator having the controlled duty cycle; and

8 the output pulse width modulated signal is transformed into a DC signal prior

9 to reaching the shunt voltage regulator.
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6 flyback swi tching regul ator based upon sw tching pul ses produced by the
second 7 flyback switching regulator; and 8 the duty cycle control circuit
is furthewoowkiognzned to deternmine a | oss of power 9 suppi/segnosooshe power
conbiner by the first flyback switching regul ator based upon a 10 nunber
of mssed_switc ulses of the first fl back ching,requlator, and to
71 det ot Eaussrbp st UG P4, VHETIBABE didsnis Mkpskemeaf ong
flyback 12 switching regul ator based upon a nunber of m ssed sw tching

pul Les gtcuittandstheotiety cysler comiedd icirsuit BEs eagh eelrit &f arfield prograpmable/akb217
PCT/ SG2004/ 000367 1 10. The redundant power supply of claim9, wherein the
dut 8 cysdrgy.control circuit is 2 further configured to differentiate

bet ween tenporary | oss of switching pul ses and 3 power supply failure
basgd upon the nunber of mssed switching pulses. 1 1 11. The redundant
power supply of claim4, wherein the duty cycle control circuit is

B e T it M
ol o) o o S ADSPRAR UM SR SRR, 5

V\/nerel n: 2 the duty cycle control circuit operates in one of three states:
3 whiken @ﬁbﬂ@t¢@f@@ﬁle§0ﬂitfp§§'f§ﬁihte the duty cycle control circuit does not
control 4 any duty cycle; 5 when operating in a second state, the duty
cyclte control circuit controls the 6 duty cycle of the second flyback
swi tching regul at or based upon the neasured duty 7 cycle of the first

f 1 yacks s WiHeCRidiadaBOpb@EOEUPBIRMT claim 4, wherein the duty cycle control circuit is
2  configured to maximize control stability and dynamic response of a flyback switching

3 regulator having a controlled duty cycle.

1 9. The redundant power supply of claim 4, wherein:

2 the duty cycle measurement circuit measures the duty cycle of the first flyback
3 switching regulator based upon switching puises produced by the first flyback
4  switching regulator;

the duty cycle measurement circuit measures the duty cycle of the second
6 flyback switching regulator based upon switching pulses produced by the second
7 flyback switching regulator; and
8 the duty cycle control circuit is further configured to determine a loss of power
9 supplied to the power combiner by the first flyback switching regulator based upon a
10 number of missed switching pulses of the first flyback switching regulator, and to
11 determine aloss of power supplied to the power combiner by the second flyback
12  switching regulator based upon a number of missed switching puises of the second

13  flyback switching regulator.
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8 when operating in a third state, the duty cycle control circuit controls
the duty 9 cycle of the first flyback sw tching regul ator based upon the
measur ed dud Yooewsizer of 10 the second flyback swi tching pepstGadeencoss7 1 13.
The redundant power supply of claim 12, wherein: 2 the duty cycle control
circuit transitions fron1operat|n inthe first state to 3 operating in

t he 1secthd Theaeduntant paveemsipaly @gcl@u'ﬂﬁ whareinghetdigy cyeler cantiph girguit i
switching regular is greater than the neasured duty cycle of the second

f | yigackfurthes vohfifired toatiffessriatdp etween t mpomry i ost of sméchoiglp uBes \abd
2006/ 052217 PCT/ SG2004/ 000367 6 the duty cycle control circuit transitions

from fo bRti%e h@mbér BPRiigdednavitohindipulss! d state when
t he rreasured t{/f%{l}c ie)h%ﬁd uﬁe second flyback 8 switc an regulator is

greater than the neasured duty cycle of the first flyback 9 swtching
regul ator by nore than a second threshold; 10 the duty cycle control

circuit tr nS|t|on fromoperatin n t eseco era,Lngin
the i 141, JhaviediReant raveresie o alaly 4 gTaol el fyb ool Bkt
switching regulator is |ess than t he rreasured duty cycle of the seco nd

f I yRackfurther canfigured o majotain the dytyicysie ofi{he ﬂétb@% pwntgwpggﬁav!atormytrm t he
duty cycle control circuit transitions fromoperating in the third state to
15 @eratiower imeasheed dutytcystaatavtiand-offevaium iapsdbaduhgt of eedoty eyele skcond
flyback 16 switching regulator is | ess than the neasured duty cycle of the

firgg fihmeackWwitthingGegdibtraaing amighermsessursadutyneydidi rd threshold. 1
1 14. The redundant p?)we? supply rgé; clgg?em 13, Wnerelyng the first

threshold and the second threshold are the sane threshold; and 3 the third
threshold is less than the first and the second threshol ds.

1 12. The redundant power supply of claim 4, wherein:

p. the duty cycle control circuit operates in one of three states:

3 when operating in a first state, the duty cycle control circuit does not control

4 any duty cycle,

5 when operating in a second state, the duty cycle control circuit controls the
6 duty cycle of the second flyback switching regulator based upon the measured duty
7  cycle of the first flyback switching regulator; and

8 when operating in a third state, the duty cycle control circuit controls the duty
g cycle of the first flyback switching regulator based upon the measured duty cycle of

10 the second flyback switching regulator.

1 13. The redundant power supply of claim 12, wherein:

2 the duty cycle control circuit transitions from operating in the first state to
3 operating in the second state when the measured duty cycle of the first flyback
4  switching regular is greater than the measured duty cycle of the second flyback

5  switching regulator by more than a first threshold;
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1 1 15. The redundant power supply of claim 13, wherein: 2 each of the
first and the second thresholds are twenty percent; and 3 the third

t hreshol d we 2d08nspercent. | 1 16. The redundant power spopsg2mi/oeBked m 1,
wherein the Ethernet device is 2 configured in accordance with the | EEE

802. 3af standard. 1 17. A nethod for, suppl ying redundant power, o, a

Et het net devf'@e?“@oﬁﬂf&?s‘i%ﬂ}i ojreu 32??@@/"@2@9%70 ’§@2t§bﬂ7q}85ﬁ5,6€/{ate’2m
receiving first Ethernet power and second Ethernet power; 3 regulating the
recdl vedpériatisg iEttherthird gfatee whend then vessutadt debheyelet ofpthe second dyhackhi ng
the regul ated power; and 5 outputting the conbined power to the Ethernet

devige. swilching eglilatomizt lypskief thhaithelmeastrededoiyt kgclet berthetfirdevlyback s a
Voice Over Internet 2 Protocol telephone. 1 1 19. The nethod of claim17,

Whereei ”é\ﬁi@cﬁiﬁ?ré%dlélbrE&hﬁéﬂéethaﬁ@"@écdnﬁ thR@HbRE ed such that a source of the
first Etherne powef does not interrupt the first Ethernet power; and 4

LgpeCond By AR Sl o 83 hah Mo i gl 58 Slochlivagelyd S
gwéts ﬁ?agé%f%%ﬁl mnrléﬁjrﬁg{tlt h%%q fygh { Irts‘l? nr%éaﬁéqrﬁ f 8H{yi g?clg B{r %e de’tsy ﬂ%é:éke

12  switching regulator is less than the measured duty cycle of the second flyback

13 switching regulator by less than a third threshold; and

14 the duty cycle control circuit transitions from operating in the third state to

15  operating in the first state when the measured duty cycle of the second flyback

16 switching regulator is less than the measured duty cycle of the first flyback switching

17  regulator by less than the third threshold.

1 14. The redundant power supply of claim 13, wherein:

2 the first threshold and the second threshold are the same threshold; and
3 the third threshold is less than the first and the second thresholds.
1 .

1 15. The redundant power supply of claim 13, wherein:

2 each of the first and the second thresholds are twenty percent; and
3 the third threshold is ten percent.
1

1 16. The redundant power supply of claim 1, wherein the Ethernet device is

2  configured in accordance with the IEEE 802.3af standard.

1 17. A method for supplying redundant power to a Ethernet device, comprising:
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3 power; and 4 neasuring a second duty cycle associated with regul ating the
second 5 Ethernet power; and 6 controlling at |east one of i) the first
duty cycl svdbamedsazpon the neasured 7 second duty cycl e pasSGRipapdvaésecond
duty cycl e based upon the neasured first duty 8 cycle. 1 1 21. The nethod
of claim 20, wherein controlling a duty cycle includes one of i) 2

i ncReasi ng tracewingtfirst Etheraet gowsrans segend; Ethetn@i Mo%irng t he control | ed
duty cycle. 1 23 PCT/ S&004/ 000367 Received 21 Decenber 2005 1 22. The
net Bod of clragulaBifg thé esaiived first Etleshetthuwercaritll tBssetmaslUE the riet pesvarpon 2
swi tching pul ses associated with regulating the fit Ethernet power, and the

secgnd 3 duylgmBMploghbTegBated ssweaafd upon svM hing' pul ses associ ated
wi th regul ating thgq 4 sgﬁond i%"ékpl’ernet power, and futther.conpti$ling; . 5

det g1 1 10 1ubiig dhe SRS pAIR Bk kO sboFt er et pover basod

upon a 6 n ul'ses assocld with regul ating the
firgt Ethernet 7 power, and it) the second Ethernet power based upon t
nu r of mssed switching 8 pulses associated with regulating the settini
Ett nmet pr wel rr, 1 23. The nethod of claim?22, further ikipopt"fsingt 2
di f fler etft.i Thermgethedwalaim tidmydiaein hesEipemaifapice s \Laise Qver Iptargether 3
power failure based upon a nunber of m ssed switching pulses. 1 24. The
nmet Bod Rrotadchiteteg@onavherein: 2 the second duty cycle is controlled; and 3
t he second duty cycle is controlled such that the second duty cycle is

1

1 19. The method of claim 17, wherein:

2 the first Ethernet power is regulated such that a source of the first Ethernet

3 power does not interrupt the first Ethernet power; and

4 the second Ethernet power is regulated such that a source of the second

5 Ethernet power does not interrupt the second Ethernet power.

1 20. The method of claim 17, further comprising:

2 measuring a first duty cycle associated with regulating the first Ethernet
3 power,; and

4 measuring a second duty cycle associated with regulating the second
5 Ethernet power; and

6 controlling at least one of i) the first duty cycle based upon the measured
7 second duty cycle and ii) the second duty cycle based upon the measured first duty

8 cycle.

1 21. The method of claim 20, wherein controlling a duty cycle includes one of i}

2 increasing the controlied duty cycle, and ii) decreasing the controlled duty cycle.
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4 mairmtained at a stand-off value less than that of the fi PST/3@204QR0387 1
25. The method of -claim 17, further conprising: 2 op&atived2i ﬁ)egﬁgb@;szOS
three states; 3 wherein when operating in a first state, no duty cycle is
controlled; 4 wherein when .operating in a second state, a second duty cycle

| S¢ COp I . ng . erein. when. operating in a third state, a first:
d31ty %%cﬁtlgﬁgetgﬁt"?o‘iﬁi?'&‘d. "%’F’?'ﬁ%ﬁ itk YOS A AS RS Daos! 017 B

PCI/ S 4/ 000367 1 26. . The nmethod of .cl aim 25, further conprising: 2 -

ey T s s A Siacd PG roabieing the st Eiheet poweperd hegabond he. s cond
sﬁte 3 \Agen t he measured first duty cycle is greater than the neasured
setordH Y G¥§e Iy measuredyhasask eparhswitohitig puises pesadiated with regalating tteni ng from
operating in the first state to operating in the third state 6 when the
méhis LFS6ANd EdmTacirawercgad Biflher goraptising:t han t he. measured first duty .cycle 7
by nore than a second threshol.d;. and 8 transitioning fromoperating in the
sétond st geterminioperlass nbal keasthwid off i thesfist ﬁthe@naﬁmémsam%aﬁ%d first
'dl;ﬁty cu%e éfg Iesez t han the nmeasured sg;ond duty cycle by . 10 l'ess than a

t i r diunhives séfo trissedn switdhing: pulbel | AyPobi 5 QRO RRYuRtING Othe firsh it dH state to
o;e)_ferati ng in the first state 12 when’the ne%fedgsgcorﬁbg@é}héﬁcl e is .
| &ss pdwan, afkitheseresd EtfethetPohger r 5% g&# ird :
threshold. 1 )1 27. The met hod- of r?ﬁgﬁugt’én a&hﬁﬁgﬁﬁf@ the- f‘%@lg threshold
agd thusesenepeiatdineithRigliathg thd SemiRetiespoher, ardc: | -

A Rabe FIRE LA 4

B RS SRR
T s T N
[RCUER S D AL I

1 23. The method of claim 22, fuﬁheréﬁmﬁﬁsing e s e
2 differentiating between a tempdréfwjilnés Gf’ Wﬁetﬁﬁg pulses and. Ethemet

3  power failure based upon a humber of iﬁisséd switching pulses.

1 24, The method of claim 20, wherein:
2 the second duty cycle is controlled; and
'3 the second duty cycle is controlled such that the second duty cycle is

4 - maintained at a stand-off value less than that of the first duty cycle.

1 25. The method of claim 17, further comprising:

2 operating in one of thtee states;
3 * wherein when operating in a 'ﬁrst' .s;afe, no duty cycle is controlled;
4 . wherein vyhen operating in a second ‘st'ate; a second duty cycle is controlled;
5 and | |
6 wherein when operating in a third state, a first duty cycl'e'is controlled.
24
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3 the third threshold is less than the first and the second thresholds. 1
1 28. The nethod of claim 27, wherein: 2 each of the first and the second
t hr eshol dsvaeesiosenty percent; and 3 the third threshol Ber/sGemwogestent . |
1 29. The nmethod of claim 17, wherein the Ethernet device is configured in
2 accordance with the | EEE 802. 3af standard. 25

1  26. The method of claim 25, further comprising:

2 transitioning from operating in the first state to operating in the second state
3 when the measured first duty cycle is greater than the measured second duty cycle
4 by more than a first threshold;
5 transitioning from operating in the first state to operating in the third state
6 when the measured second duty cycle is greater than the measured first duty cycle
7 by more than a second threshold; and
8 transitioning from operating in the second state to operating in the first state
9 when the measured first duty cycle is less than the measured second duty cycle by
10 less than a third threshold; and
11 transitioning from operating in the third state to operating in the first state
12  when the measured second duty cycle is less than the measured first duty cycle by

13 less than the third threshold.
1 27. The method of claim 26, wherein:
2 the first threshold and the second threshold are the same threshold; and
3

the third threshold is less than the first and the second thresholds.

1  28. The method of claim 27, wherein:

2 each of the first and the second thresholds are twenty percent; and
3 the third threshold is ten percent.
1

1  29. The method of claim 17, wherein the Ethemnet device is configured in

2 accordance with the |IEEE 802.3af standard.
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