REDUNDANT POVWER SUPPLY FOR POVWER- OVER- ETHERNET FI ELD OF THE | NVENTI ON

[ 0001] The present invention is related to a power supply for a networked
devi ce, amdwmwes2pnarticularly to a redundant power supplpgTiserom/oneswor ked
devi ce which draws power over a network. BACKGROUND OF THE | NVENTI ON [ 0002]
Power - Over-Ethernet i s a n ewt echnology t hat e nables DC p ower t o b e
supplied to Ethernet devices over 10BASE-T, 100BASE-TX, OR 1000BASE-T
cabling. This technolog enables t he devi ces to recelve t heir operating
power over tREDUNBAN ER 1PLY EQRROVYE ARFETHERNEEY use for
data conmunication. It thus el m nates the need to connect each termnal to
an- AC power source, and to provide each termnal with its own AC DC power
converter. The LAN MAN Standards Committee of the | EEE Conputer Society has

devel oped draft standards LB THE NNVENTROREt Which are described in
| EEE Std 802. 3af(tn) which is incorporated herein by reference. [0003] A

typic ¥ a power
b, - JRPORY S UThY Presas HyRion %ﬁ%%‘e%"fp%bﬁﬁfﬁ%%ﬁgﬁv”ﬁ ﬁét%t@%e%w%
communj cate via vvltcha ower fro he hub. The ste

Cybr cdind st rctiaiafh t%asf%c?urt%a? PP SR dhic Ptk ORkice

dedi cated cable to the swtch and hub. The power sourcing equi prrent |n t he
hub |§f@Wﬁ1ﬁ9m9y0N@féﬂe§M0Eko as Power Sourcing Equi pmrent (PSE), while each
device that receives the power is conmmonly referred to as a Powered Device
(PD). The PSE may be integrated withthe switch, in what is known as an
"end-span" configuration, or it may alternatively be |ocated between the
switch and the devi ces,BACKGROUND 0 THEOINVENTRIN on.

[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 typically
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 woabeb/@d2amagi ng | egacy devices by applying hi ghprbEseabtsagesst o t heir
LAN connections, the PSE nust be able to determ ne, for each of its power

out put, ports, t her or not th,e out put, i s,.connected hi s
e e N T S
a "signature element” that is a speC| al circuit across the power input
connelqGaded betwaan:theswiiohrarnst Bgcdsvieas, impemidrepanheenfigusation.i cs. Wien the
PSE is powered up, or when a new device is added to the LAN, the PSE

per f of0@04] | i AdLAMtierwhiglhata 8SE cubpemting magle'ncludedmtecm’llytﬁﬁs,sblgrmwre
element. During the line interrogation phase, the remaining circuits of the

PD (otdiricyt dVicd ehti e atdtredrfigarainto rédeive polhar ebef tRaLIAN hi GrRlePXo @
swi tch. Upon successful conpletion of the interrogation, the isolating

Tt er Pood fismnadng RoachCaEpteR By Paphfirty Y B Sloitde 15 Bk PN i ng
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LAN, in order to avoid | eaving %?h DCvoItage on the open line. For this

pur po%‘e heon natthggutpy iy ?Qﬁ"%ﬁt to aPAhdard ISSPELP$S) thﬁéEEEr@m shoul d

continuously sense the DC current that it supplies to the PD. If the
cur r edraftistandafdsorequingi thah eaah ;I inobude af"signatisreldmept” thet isna Spegial or a
certain period of tine, the PSE shuts off its DC output voltage to that

por t . ciftuit adreusotiee poweetivpiti conmaztibasi afntheoPDe withhereplefihée impetiaheavi ng DC
vol tage on an open line, and it prevents device danmage in the event that a

| egacynbricarisics) VEENIREPSE & Dollered uBf of WheHiSRANMYIRAs Bdded 1§ th@chani sm
requires, however, thatthe PD consune certain anount of current at all
times LA?\MqﬂeVﬁ?@ detrforﬁxs'éjlllﬁe interrogation routine in order to detect the signature
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



O herwi se, the PSE wll cut off power to the PD. [0006] Many types of
net wor k equi pnment can be designed to utilize Power-Over- Ethernet
connect i one,2006n3k21di ng Voi ce- Over -1 P phones (Vol P phonegy/scnommoesstdance
with the | EEE 802. 3af (tm) draft standards. The power source for many Vol P
phones, is_gconventional AC service. This presents a problem in that if AC
Servi dbe; BD gepsime & cerlainy, Smautit oty at ell dimgs pepso et A Bover
fromthat service_ is not usable. A VolP phone utilizing a
Pover -Ofherwiseh thenRBEcwill suit off owes tathe PDusable in a power failure as |ong
as the PSE powering the Vol P phone has power. PSEs with backup power are
known.[00B6F, ManyR$pes ah netywmkyequipveent caméevaesigregliiqutlize Rower-Over-ng a
power failure. [0007] For many network devices, it is critical that they be
avai | abtherie’conpectidrs, HdedingVditse-OYBEIP BRBHES $V BIFVEhdhdd) Sinl dditofddricecal
application. It is desirable for mssion critical devices to have redundant
power S tgtm | r r | r H uppl i ed
2 ot B, o TR iy e 8 Ry AR prched

by the ot her, power source. rent

detect.ion requir ts of the |EEE 802. 3af (tm_draf t andar ds dat e,
Fedunds AP anaEAET v ie: Tiis bimroty 2 seb i iR wAGISRVR Foesf Corar i o,
a Power-Over-Et hernet connection that serves as a backup power source to
anot hd? aFRRWe” fallere) ghecY ¢lE: Phaned@wing Prwen fom: that sgivice i/Ret uaable. Hecause,
as no current would nornmally be drawn fromthat backup Power-Over- Ethernet
connecd{olBnphone: utiteing a gtower-gver-hthepnelckennenbiaoriswstill usablaun afffowdre DC
out put voltage to the port to which the backup power is connected. Thus,
backufaireess longl ab thet PSE poweriraptne. VOFOBhore has giongry ,PSE s o4t sackeps for a
t echni que of supplying redundant power via a Power-COver-Ethernet connection

i N acqwing khébint MenhEEReSO8E38dH SUppKIT gdwer to network equipment even

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. It 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.



standards. OBJECTS OF THE | NVENTION [0010] It is an object of the present
invention to provide a technique for supplying both primary and redundant,
backup, pewoanoswisz2i1Power - Over - Et her net connecti ons. [ 001kl T/RGe0mmosse7 st at ed
objects, as well as other objects, features, and advantages, of the present

invention wll beco readi |y apparent, fromthe foll qw ng detail ed
descr i[BPPSh \AﬁPﬁ‘Pfdi"gﬁYvoa H@epe%iﬂgtﬁﬁoﬁénﬁeﬁhﬁ‘ﬂPSrvaﬁLmP'X'ﬂ% red PUYEW ngs.

SUWWARY COF THE | NVENTI ON &0012] In accordance with the present jnvention, a
syst eia@dPawaevedEtherngt sonagctipnr isdacreadangsowith the IREEEBB28aET drafti ce are

provi ded. The Ethernet device could be any type Ethernet device, including,
but nattahdardsed to, a Vol P phone. According to the techni que 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 | EEE 802. 3af (tm draft standard. [0013] A systemto inplenent the

nmet hod i ncludes a first fbppﬁ??iwff'mwmbﬁ or and a second fl yback
yback sw gu

switching regul ator. Each ching re ator has an Ethernet port
for draw power t least one circuit. for reqylating the drawn power, and
2'n o lA0MF PBS oh slient e Pl Nanlan & eb e otnad e iRt
power conbi ner that receives power fromeach of the flyback swtching -

r egul &adh erimaRy apd sedyrdprioirakups PeWRDVIRdIO W0 wIrpihespticonnBetidRsher net
device. It should benoted that, typically, |ess power will be received from

one fl[0@htk sWhe¢chboge-staded adbjectshaas f weth Bhe othdre objéctsadkataves, chndg
regul ator. [0014] According to one aspect of the present invention, power

dr awn gdelvahbgyebi bbthef prebaakingshtiorhimMiobésahé aéadilyl spsarent frésh the falldwingt power
source, and power drawn by

detailed description which is to be read in conjunction with the appended drawings.

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 flyback 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



the second flyback switching regulator is supplied by a second power source
different than the first power source. Typically, a power source wll be an
Et her net woi2b@ns2HHowever, one or both of the power sour ees/scaelstodss; as
desired, another type device capable of supplying power to an Ethernet
port. Benef|C|aIIy each of the flyback tchin egul ators draws, power
such to4@ Q@Hbt Ie52 PEWRE Wik BE ™ Eﬁe'u%ig'loﬁbf’“? g'ﬁ’éﬁg‘& pyitehipgd ﬁg'ﬂm'?tcg

power . [0015] I n anot her aspect of the present invention, the system

i ncl udean froduthe athet tybaskssyitohing regutaiol.t and a duty cycl e control circuit.
The measurement circuit neasures the duty cycle of each flyback sw tching

r egul §0014] ThAcesrdingolo ene aspéctarfithe present énviuntipnc power dfaved blyehe firstne of
the first and second flyback switching regul ators based upon the neasured

duty \‘I%(/Bhék e&vn&mﬁ?%perfatéﬂ ¥ RAEI0IIEMIbY CAKIRY poRdt! stupe, dnkbp B\ﬂl#@rehm?b? oted t

dentica yback sw tching regul ators coul'd have different duty

pycl eghgygegogdﬁﬁggga&§%tcﬂﬁ’§ :r%gfltﬂét%'?clgssu R B | n?y ] vg%o%@gfgul d

i ncl ude” i ncreasi or decredsi ng In a

reoul fitenEian B st pBIE Seidsy P B At PANEE saofke: WIHE Gnened o i gn

| npedance resistance. To increase the duty cycle of a flyback sw tching
regul &wdtch. tiHewewer rasie ef beth of s pawsr SOBiRes CaMid DR, ASiRsitesd aPHIREl t hat
is transforned into a DC signal. The DC signal is fed to the shunt

r egul dyme dasisecapablé ofisupptyireg powbatkans ktherehport e fAdrefioalipetaay afdher ol | ed.
Mre particularly, the DC signal is fed throughthat shunt regulator's high

| npedayBack eWitthmRC fediistor® driRs reivsresech phat. thEhrespaCtive pumercesipes t he
duty cycle of that flyback switching regulator to increase. [0017]

e M AR R LR L e e e wm o

grid "1‘66%] In another aspect of the present invention, the system includes a duty
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. |t 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 transformed 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



In yet another further aspect of the present invention, even if one or both
of the nmeasurenent and/or control circuits is not operating, or not

oper at i ngvoanssasity, power is nonethel ess supplied to treTRGhaumwedssdevi ce.

[0018] According to a beneficial aspect, the control circuit is configured

to maxj mze control stabjlity and dynam c response of the f|yback i t chi ng
Fogut 08k St 20Uty R ah dmpboaich FeTsance POBRSING roleraiuknBln  LREHES o
spect, d uty cycle i s nmeasured based u_pon sw tching pul ses produced by a
f | ybasignahcagsestherduyicyelerof thatdlybask switchingdepulater touneneeseconfi gured to
determ ne a | oss of power output by a switching regul ator based upon a

nunbef0017]m sAecbrdinigt tthiangtheof adber Sepértathed styotygewaeasuehteritecitché r esul t
of a failure of a flyback switching regulator, or could be the result of

pover gt thBeduty c§eiBRIone@| ERcdt hrey BagH asydrt 6hhmield pEBYrafPhabléepiarahdlg to a

still further aspect, the control circuit is furtﬁer configured to

di 11 e Ych Al RS HBEHR: AHBEPGF 3¢ or8SshthvaHidE v RrResy Aidh rARE!

supply failure. d erentiation 1's based upon the nunber of m Ssed

swi tchin ulses. That is,. ,if. the nunmher of mssed swtchin ulses is

gr eat é7€ ﬁmgnﬁénpéqrnc%meplrwlfessw PERioRG 3% nqupgr‘?}E%eB%rﬁﬁtB/’t hat a
power supply failure has occurred (which, as above, could be due to a

mal f uPOWeESiS Benetheleps suRPlied f-Hengt reeymd?msae,- or for sone other reason),

not a tenporary |loss of switching pulses. [0020] According to yet another

f urt hé00t8Jpechccartimge tmt a obensficiali aspadtnithe neontred citqujt dsy ddomfighiradhdof | yback
switching regulator having the |ower duty cycle at a standoff value that is
| ess thedimizeatomtrolt dtabitityt and dyhanté rédporeehet thiel fiyigck switdhimy egula@al at or .

This ensures that the flyback swi tching regulator having the higher duty

cycl e g ARy cgele iDaskirdilkey. power it provides to the power conbiner.
[0019] In another further aspect, duty cycle is measured based u pon s witching
pulses produced by a flyback switching regulator. The control circuit is further
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-



[0021] In still another further aspect, the duty cycle control circuit
operates in one of three states. In the first state, the duty cycle control
circuit dweeswatszriontrol any duty cycle. In the second gratse2odsiveosdut y
cycle control circuit controls the duty cycle of the second flyback

SW t chi egul at or, based upon th asured d cycle of the first flyback
SW tcrﬂfpngja gmaét'ﬁrl,es‘%ntgaﬂnt%taﬁ@ftﬁieg‘éuyt gYee ‘ﬁ]é‘edﬁ’g@ercﬁl‘,l?@koﬁwitﬁ@”gi r st
flyback switching regulator is controlled based upon the neasured duty

cycl e regulates. sEjsranstremthet theiflyback gwitehinganeghlatoobaving Abe dvighergduty an
even further aspect of the present invention, the duty cycle control

ci r cuicyclerdoes iot@us bhek teepowereit ptovides to theepovaaricontbiseérat es based upon
changes in nmeasured duty cycles. In this aspect, a transition fromthe

first [gb24) tp dthearfReninthbrb8pO&iC tHesdulyasycldeorftts] irel i loperites e ohkr St
flyback swtching regulator is greater than the duty cycle of the second

1 Ybagk ifiile! G0 el FLOLIN HR' Gl BIePoditt ikl SR8! bt o) BhY St

t hreshold Cou e an abso € val ue; u a percentage, or cou

any other type threshold,indicati di fferences. bet ween d cycles. [0023]
A r oty puiBy 1n 0 RECora SR ettty e ool St SRR MY diiclde duty
cycle of the second flyback switching regulator greater than the duty cycle
of t h&fthe secand fhihacksxyiichinggauiaien 'a@iﬁdg wpomtieemengures dity sieletafitbghol d.
The second threshold, which could be the sane as or different than the firs
t hr es Hiodtdflydackeswitching uedulbtoramndbinothet thindaistade, thepdutyenyelgeof the firsp ot her
type threshold indicating duty cycle differences. Also in this aspect, the

duty dlybhek ewhthing regulatortis tcoatrslléd dbased apbhahéimedswtdiduty cosleaifither of
the second or third states when a duty cycle of one flybacksw tching

;2gul akebnd fybEiSswilHing F@n@é{by cycle of the other flyback sw tching

gul ator by 'less than a third threshold. Again, this third threshold could

be an [ml Utﬁcc\,@'hfﬁ%’ to an even further aspect of the present invention, the duty
cycle control circuit 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 cycie 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



a percentage, or any other threshold indicating a difference between duty
cycles. [0024] In an even further aspect, the first and second threshol ds
are the swomodduserhol d, and the third threshold is | esspchac20damodssr st and
second thresholds. Yet in a still further aspect, the first and second

t hreshol ds are each twenty percent, and the third threshold is ten percent.
Thus, switchingsegyiaéertis less %&ﬁéh?i%’lﬁy eY@enoh e atheh fyback switehing regylatos t o
operating in the second state occurs when the nmeasured duty cycle of the
first bylgsmtHansathichihngshaddyu Agair, this thive thresield contd be eatabsolutarvatues
measured duty cycle of the second flyback swtching regulator, a transition

from epsdrabhtage! or aMeother shreshalddndioatme s différence betwesredotytysledt € occurs
when the neasured duty cycle of the second flyback switching regulator is

{went yoRRiIce N 8 QLRI TuHABP oSG i cari S¥oAF ifroBholli8carki th! sdhy Dack

e
swi t chit ng “regul at or, a transition fromeither the secon% or third state

to the first, state gc . 0 t e s less, then ten
per cofveghat 3h e AFHRedthEy iic8 FEARE firt EpibebtR e BplER oHIEN o
THE DRAW NGS [0025] In order to facilitate g fuller understanding of the

pr esert Stillh{usther &$P£Fteft'é‘? é'ﬁ%@fifg Sﬁ%WATHHQSFQJg? [FEe £AEHENtY PRIFE s antthes e
draw ngs shoul d not be construed as limting the present invention, but are
i nt endierithied heeshaldns tenypersent. ToodD tFs@Aspect adeansitien fenEopenatieg idevi ce
recei ving power via redundant Power- Over-Ethernet connections in

accor thenfirst \stdtb to @peeaatingaiathe tsecohd tstetepoesentvhenthe measuréd @R cyalgure 2
depicts the architecture of a power supply for a network device in

accor gamee firdtif tbbbl% sm@ﬁmgt relgQlRot isofivdri?p pelcdrit Gteste? tHEPitEd tneadupyé!

shifting circui't in accordance with certain aspects of the present

I nvenyyi RN 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 second 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.



[0029] Figure 4 d epicts a PMMfilter i n a ccordance with c ertain a
spects o f t he present invention. [0030] Figure 5 depicts a duty cycle
control avganesidsmirn accordance with certai n aspects of pChisGRoESHeIss7

i nvention. DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT [ 0031] Figure 1

s a si | fied depicti.on of a Vo] P phone 101 that receives, power via
redunigﬂ?ékomgﬁu&/grgﬁ”ﬁ@rﬁlﬁv%éﬁﬁgﬁ%ﬁé‘t |%a%%a?’al%¥"étlhvﬁei IR REPEFIEs ent
invention. O course, the device associated with the redundant
Power Qb prasest iventidmnect i ons coul d be any type network device. As will
be understood fromthe discussion above, a | EEE 802. 3af (tn) draft standards
conpl i[AB29)Ft heigues 4sthepicts a P VWMIdiiter &3 agoarstanceav ith caltbin 4 §pectlod t he
Power - Over - Et her net power source could be, as desired, separate from an

Et her présemiihvdntib@d. As shown, a first |EEE 802.3af(tn) draft standards
conpliant Ethernet switch 105A and a second | EEE 802. 3af (tn) draft

St a”dfiggﬁofonﬂgh?é' cfécﬂleét&.rbe u@r’]\&j&é‘ coRRE ?IQBHtﬁHﬂPEX%&ﬂ%E?WtH ?ﬁréé{ : rPS .

phone i n accordan Wi t pr esent vention. Power from

switch 1 i uppl i ed vi first UTP/ STP cable 110A, and power fromthe
secon%sg%éccfﬁlﬁgﬁgﬁe ?Wﬁﬁ'ﬂpﬁd via a second UTP/ STP cable 110B. If power is
unavai l abl e via one of the cables 110A or 110B, the other one of cabl es

110A or 110B supplies power to the Vol P phone 101 . [0032] As shown in
Figure 2, a power suBEI 200 for the Vol P phone 101 includes two identical

i sol at ed Fl ybBETAWEDCRESS RBFION: OF A PREBERBEDCEMBOQRRPWENTget her 205 at

their outputs. Regulator 201 A draws power .from cable 110A, and regul at or
201 BJoe3® pokigurd f asnacsitiptifidd GBpicReg uf at\volf Bitdre 40t ttreBeives powmnect ed
in parallel, with one serving as a hot standby (secondary). Each is capable
of SUuRRl Yed@ndat Péwer-Over-Ethernet connections in accordance with the present
invention. Of course, the device associated with the redundant Power-Over-Ethernet
connections could be any type network device. As will be understood from the
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
VolIP 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



respective output, the required current, at 3.6V in the exanple discussed
herein, to power the VolP phone 101 . As will be described in detail
further bwbawse/m2r1iegul ator 201 serving as the hot standipgTdGava/caizet east
10mA of power so that the Ethernet svvitch 105 associated with that fsr 201
will continue to deliver ower 0033 1%{ick swi tching regul ator 201
i ncl uéé%”%P@W?bfi@R‘ %%“P&H Rg R ?@ﬁ) po?c?/ areccomiecteq tpaishel ol | er

| C 206A associated with fsr 201 A -and controller |IC 206B associated with
fsr 2@dthRoneEsetving gbadtotsstandiby hs@coeganyat d&rachois capable atsupplying, abiler
MOSFET 207, with MOSFET 207A associated with fsr 201 A, and MOSFET 207B

assocr@épé@twe otgsf theOkeqBired quemsnt, atr 6YT iorthierexzdple disdussed tereideto i n each
flyback switching regulator, with power transforner 208A associated with

fsr ?6@3 WVB hoﬁéQ@ﬂf OAERYill B@&ﬁs@ﬁﬁ@&h@ﬁ%@bﬂ"‘ﬂuﬁef %blo@@]a %zguﬁeggﬁdf]

Addi t ona Iy, ptocoup er 209 is also included in each

opt oc 9 S u I oci at ed
ot e PP Sy é‘\@% R Sa e i & 'n%a%%g??m%t%ip%i @*@*.f%%%ﬁﬁe@? shunt
voltage.re at or u Itaer t or 210Aassomated wth
(o o8wig TR 3sSheia ecwv\“einfésf oA il '9593 SeRVSRWE i th fsr 201 B
[0035{ Al so included in the power suP 200 is a duty gcl e measur enent

ci rcul@038]15 Eaeh aflyhack @ydickingrregylater r297i tinglades eaclﬂy ackHeswitching sed
further below. Each regulator 201 is designed to function, in a reduced

f unct requdtot contrdibler Kh@06d wiiht bentrolter I80206A cdssoiciated vt 155 201X, cand®20
fail. That is, power will still be supplied, at the required voltage, to

the VebRreIRANE 2068 -ask683fd Witk feH2P 1BY CEgcHTRigbadie Bwithiag reyilatctl2omeasur es
swi tching pul ses of each regulator 201 at the secondary side of each

2Pl BSRPYS 2 AOASEHTOPET 207, TRHlOSHET HOPATBAG: b PDIAPL e

and MOSFET 207B associated with fsr 201B. A power transformer 208 is also
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 optocoupler 209B associated with
fsr 201B. Each flyback switching regulator 201 also includes a shunt voitage
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, to 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.
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derives the duty cycle for each regulator 201 . [0037] Because a flyback
swi tching regul ator 201 operates in discontinuous node, the neasured

swi t chi ngwpubesas2amey vary from -4V to 3.7V. This vari aneeTiss20matooes67 t abl e
for digital processing. Thus, each fsr 201 is associated with a respective

l evel shiftin ircuit 225 which copverts asured switchi ng pul. to a

i 9t t ISP e EasBE I e Py BE JUTE YT B RES YA CBFUBGIA | s
associated with level shifting circuit 225A, and fsr 201 B is associ ated
with |dsfives dhe dutyreycls fos gechzegdatariZfdre 3 is a detail ed representation of
a level shifting circuit 225. As shown, level shifting circuit 225 includes

a si grja03tj odBecauseera dlyback hsvetdhid asgulatsi 200r operdites MNRdiscantimiusuer
connected in a comon enmtter topol ogy. Wien output fromthe flyback's

t r ansfragd@r theSmahsited bwitchigdp@iges insayf eamefrsmbias esizand muld varidiRebigse of

the transistor to 3V. This effectively turns off the current through the

st bk 810 B4l P QAo DBt BBLAELAPHroniihED001 P!
D a5 AR b e PR VR s I S

I
Yabout
3.3V at the Digitized Qutput. As desjred, a P-channel MOSFET nay be

subst i9OMRAbIRVOFAge tevghs FYGEK ivIchingeregiwator eQiftis agseeiriaskwithineye!t he PNP
is used. [0038] The converted switching pulses froma fsr 201 are sent to a
fi el d shifting aoiealtl 22541 andrfsa20(BrPEApssariated. withelerpiGshPBm wirawiti2258.he duty
cycle of a fsr 201 by conparing the proportion of a transformer 208

char giFigurei 3nis halethied rgiresénthtion o¥vat lebeinshiftieyi aiduit 2% AsssHowrpflevdle
measurenent is sent t o the duty cycle control circuit 220, to be discussed

furt hahithry ewediP939 indideés alsidhal ARRRUNERIRS Wi H Dallad! Rsistsreshd a®PNb et ect |

f a ny power i s being
transistor connected in a common emitter topology. When output from the flyback’s
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
transformer 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 sentto the duty cycle

control circuit 220, to be discussed further below.

11



supplied by a fsr 201 . It should be noted that a | ack of power could be
due to a failure of a fsr 201 itself, or by a failure upstreamof a fsr 201
, such aswe 2bddspniet switch 105 or a cable 110. Power f aCcirsceyo4noozeat t er
the cause, is indicated by a threshold nunber of sw tching cycles in which
no switching pulse is neasured. This threshold nunber may set as desired.

| n ond0P3SF er Also, t hg Neersurameshr esults arer esedl e diedectdf agmy BOVeNTi s eiager
switching cycles of no neasured switching pulse. O course, as desired, the
t hr eshwippliggbybe fse20at Iashooldebe grosed ¢natt ndacks50f power evsld bardusdto Short er
periods of no neasured switching pulses, i.e., less than or equal to 50

SW 1 ChbifigreCfCh ¢5r 201 HQ@If,eé‘fal?D'aefaﬂQﬁéVﬁpst?ééinicﬁ@'fﬁdzoﬂeél@*hsé’s Bhethedest! at or
201A or 201 B that Is secondary may not generate sw tching pul ses for such

short §.0 f 1l [ 0] : | o) I Gt 1 | Li zes

t he nes&gt&beﬂﬁésn% rrategu lte spg@ne@?ée}déﬁgyﬁ'ﬁi&ﬁﬁaé%%g %aotfggéﬁ%éédl‘?%gdtg gél at or
201 hayin e lower_duty.cycle to increase that flyback sw tchj .

Fegul dhtseheld PRt ey rdet r B B8 SuieBind nPRE vkt nEnisor

even if the duty cycle nmeasurenent circuit 2 15 indicates a power failure
associthresfiold twinbgit mayr sgbas dasireflsy '209"ﬁa97ﬁ§"€¢ue"’l‘@%€ngﬁ}{0§?‘: dpele is
the secondary fsr 201 . Each fsr 201A and 201 B is associated with a

pot entthedshdldvisdet at 66 ios tgoeateBswitshingueyclestdimorngaswedswitohirgnpulae. @fvi der

resi stor 235A and potential divider resistor 235B. The duty cycle control

Ci r cuidou?dd) dAnaesirtddttAs thiesheld reiytbé lsevadbh mlrabpopesdteathati 50 der lgsesi st or
235 associated with the secondary fsr 201 to increase its current

Son' PR SRR EnaAR M huchni) el £ s narurtgg 1oL o

a pul 30 Nv%l'nng cycles of the example above, are ignored, because the regulator 201A
or 201B that is secondary may not generate switching pulses for such short periods
of time
[0040] The duty cycle control circuit 220 utilizes 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 235B. 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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nmodul ated (PWW waveformat 150 KHz with settings fromO to 100% duty in
stepsof 6.25% and anplitude of 3.3V. Each fsr 201 is associated with a PW
filter 40d40,2083e217i N the Figures as filters 401A and 4@tTRG200amoddé# si gnal
is sent to the PWMfilter 401 (shown in detail in Figure 4) to reduce the

anplit the P Y t A\, ~ Whi i he .sa a he
refer @E%?%I q'&g@"ﬁﬂuﬁsﬁiﬁé%o@?éﬁsrr Ogj'u\sa%}rp C%f%d V‘f"tsn é’rﬁ:l‘wﬁ/gﬁﬁqn@ﬁ'st ood
that the PWM si %nal wll_ be Seﬂ%M to 4(@&3 P%\gll ];E;ﬂ[\/ﬁr' 401, associated with the
secondaPyrrigithe frigures @sAdterandpigand 407 sigRabis sembir theaRWeM 405
connected to ground so that the alternating current (AC) conponent of the
PWv 4ditter 401 i($hawrein detadrin frigure B9 daueduasf theapaplitudea of thie FWiheawfopat  of
the PMM filter 401 is a direct current (DC) voltage. The DC output voltage

can beostR4Vetwirem ivhtosdma4léveh ast thes referdhce’ 8ditageh of aaltghuint afoltag& VWM
filter 401 is connected to a reference pin of a shunt regulator 2 10 via a

hi gh irgggag%toﬁ h%mfbéf;}%@m@ocli t4R4RE PRV sidifal kil e s&ht @ REMpfyMit er 401

is set is causes a snmall (<2% increase in the output voltage of a

hunt ¢ : His | ' lied to th d f 201
e, MERHOTESaddRd Wit e SEBBRR T 2880, ' Fhat "cont i butes the | east
whi ch db , t to the Vol P ph 101 . h
seconddf42l s R ESTMEBIRTAG s e e Loy 507 Fnvasted Shgheiniom et bocause
of ordinarily occurri ngdrranuf acturing differences which result in

di f f et calterpatingucyrent dACageorseenentyef e WBWM 149 bds Kfiltared clei 8EPUsyul at or s

201 . For exanple, one fsr 201 nay have an output voltage setting of 3.6V,
whi | e Becatibe of gapditanae € 0an theuowiput oblhed)d/M Giten 401 isfa Gire@\curfBmi¢DC)n t hi s
exanple, the 3.58V fsr 201 would be the secondary fsr 201 . [0044] Whenever
a secqoiage. Tae 2O budsitaeltage vah bé setdbstebn\0M tRyL48XiRaREPs bf 6.078V.

The output of a PWM filter 401 is connected to a reference pin of a shunt 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

13



out put settings, it reduces its output current to bring the output voltage
down. O course, because the output voltage of the other (dom nate) fsr 201
I s great ewotzh@nisba7out put vol tage of the secondary fsr PO1/SG20damoasst put

vol tage of the secondary fsr 201 will n ever reduce, even when the s
econdary fsr reduces its o utput current t o zero. In other words, the 3.6V
of t héhpoutmrtvalingesfdheisecondaiyfsr Ba1nbgseiitedt weltagesobinepsrcondeoutyr Wien
the duty cycle control circuit 220 raises the secondary flyback sw tching
regul 20drw #l mengruteduck} agen setidn e s bcamdary dst heduaess itde ututicnatentter, t he
measured increase in the secondary flyback switching regulator's duty cycle

I's i Ngigft iV 6thReF wdres, IRE FENRIY thid pRzekt Exarpldl Wil AIREYs BbahessAbl Ritits Vol t age
setting approaching that of the dom nate fsr. As the secondary flyback

SW tcta,iulf%tregul ator's output current increases, the domnate fsr will cut

back its own current contribution to the Vol P phone 101 to nmaintain its

out pu t age,settin Thus, the. tptal . . del j vered t P phone
To1"1 JOUERK P RURR oGy Srfle GaByOLRrut A TS eChRCiry Hindike b
control algorithm shown in Figure 5 tqg regulate the flyback swtching

r egul SWGCBINEoNegUiatar's UtRUt Yoltkags §6‘F'P9rﬁ*??%rgtong‘aétms'?@pd%@!t"qtﬁ fWhitEﬁ bot h
flyback swi tching regulators 201A and 201 B are allowed to run w thout

i nt er veeasuwead finoraaskeindthe segohdayoflybagk switching regulatar'ssduty eyde ibased
upon the neasured duty cycle of each fsr 201A and 201 B, the algorithm

det er nidieativeg of Sthe28éordary aflyrsrku s@itchingy renyutater's weuipyt paltaget seftingt er
than that of fsr 201 B. |If not, operations continue with step 510 in which

the algorbddHing Bl ioMtMeaorindts Tsr2OAs thd'dscohd@paibask sWitohisy Fédulatorst y

percent "greater than that of fsr 201 A If the determnation in step 510 is

et U RIoafE MRS ct B ol Al
the VolP phone 101 to maintain its output voltage setting. Thus, the total current
delivered to the VolP phone 101 is consistent.
[0046] The duty cycle control circuit 220 utilizes a contro! 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 201B 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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twenty percent greater than that of flyback back sw tching regul ator 201 B,
operations continue with step 505. At step 505 the algorithmdetermnes if
t he nmeaswedoebusy2icycl e of fsr 201A is | ess than the neasursedocdwbyzsrycl e of
fsr 201 B plus ten percent.If so, operations return to step 501 . If not,
operations continue with step 506 in which the algorithmdetermnes if both
t he nifasor eperdtions agtire tofstepr5Q1Af net,toparationse continue matx stept BBH iMhat of
fsr 201 B and the PMWM output to fsr 201 Bis less than 93.75 percent. |If
so, atwhidrethebBlgotitten Rdkémnihesiif Bathftie R€dsuBed slutycydasddsbP06A 26 thidy cent .
From step 507, operation continue with step 505, described above. [0048] If
the debfidht frbaten than AP 20$B_rmﬂﬁthé/PWMp@tﬁtﬁbt 0 fsrCANB RURsWithAn St ep
508 in which the algorithmdetermnes if both the nmeasured duty of cycle of

fsr 20444 ?g?rc‘ﬂggaxlwaﬂraﬁeﬁép @O?%E;%W%gﬁmtto%r ﬁé??%g intﬁ’ggg@h bl 4.9 PVWM

output to I's  greater t percent . erattons
continue with step 5 I n_whi.ch the PWM. out pu o,fsr.201.B is decreased by
6 250PeReetin ST S 005 Oparains chBfIG VIR 5P P8I SEB negar | vo.
operations continue with step 505, described above. [0049] If the

det er 190481 onlf the detgsminationsatyyep 30Pdis nagative; epRrations cANENYEG Withsitep 512 in
which the algorithmdetermnes if the nmeasured duty cycle of fsr 201 B is

| ess tHA8rin whechrtiesalgedthuudetergines bboths theomeaspiagsduty of syeleaftfsr 20140,
operations return to step 501 . If not, operations continue with step 514

i n whigtwdritg pergsntigrbated ehan thenes fsf 2018 anthttheRYWMeasltputt tp foy20¢Ba§ f sr
201 Bis thirty percent greater than that of fsr 201 B and the PWM out put

to fsgqré’é%ér‘\tﬁén l6e25 plehddht 93if 6o, Rk Stins tbntifue Withsét@E 509-3n tWHicH & out put

to fsr 201 Ai1s increased by 6.25 percent. From step 15, operation

ot PR B 520 R U, RODR, o 85 OPY SRt 1
determination 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. If 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] If 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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516 in which the algorithmdetermnes if both the neasured duty of cycle of
fsr 201 Bis twenty percent greater than that of fsr 201A and if the PW
out put t owb=no6aBiA7i s greater than 6.25 percent. |f so, popsGabi4@OEB6eTONt | Nue
with step 517 in which the PMW output to fsr 201A is decreased by 6.25%
From step 517, or if thedeterm nation in step 516 is negative, operations
cont i metermiindticrt Epstep%16lEsoegative, sperationsa@Btinugdvithetep »He.Fleneribed and

di scussed in detail above, if one fsr 201 is determnedt o h ave a d uty ¢
ycle mweleless t hant he o ther, t he d uty ¢ ycle ¢ ontrol circuit 220

I ncreases this secondary flyback switching regulator’'s PWMduty in steps of

6. 25"/@6&@ al B9TdHINA ﬁf'ﬁétﬂr@tSYarﬁﬂhi&b'ﬁséd‘@n R WhbvE O itkeed fshepsagondar y
flyback switching regulator's duty cycle 12 to 19 percent bel ow that of the

domi fl. i t.chi ' I j
dZP’FQ{%’éF%rHaE%@E%S%’%%Eiulﬁﬂlc&%“'h%%ﬁ“ pis Bk BB ey, 108 TPPIEENBALTY
cycle, in, : ' i1 Lnmedi

o1 at o P 30 pesages this papaaer{iback SR AgeB e AR PAIR SRS dut y
cycle control circuit operates in one of three states. In a first state,

t he diof fe28%c e Thetalgenithi: aenstaaty @divsts the SWM duly 1o kerr fhe sgeondatys s
not significant, thus the duty cycle control circuit does not actively

cont r dlyback bwitchihgregklatwist diityrnzyclee §21ltat1Sr percantibglovothat of theedomtirardut y
cycle control circuit controls the duty cycle of a second flyback sw tching

regul aﬁ,@écmmamﬂg_ @ganm Hugdeybis.y Thechlgofifhna aldo deteltsy blaarp éropsahi ng
regulator. In a third state, the duty cycle control circuit controls the

duty fib{ghtsﬂfe?ﬁasﬁetg@rqgag r%)gvgahiﬁa?s l{lgmrfscﬁﬂtf)%mﬂg?m whigh d%éetﬁe%gmwﬁd duty

cycle o ac ng reg or. TransitionTromthe first

st "tF‘?";Ptéﬁ%EE’? RRABNER Pelyplaio? P SIS  cant 'y or eater i han’ second

flyback sw tching i . N .
[0052] Thus, according to the Algorithm, the duty cycle control circuit operates in

one of three states. In a first state, 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 fiyback 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 is triggered w hen the difference in measure duty cycles for first flyback

regulator and second flyback regulator is less than 10%.
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regulator. Transition fromthe first state to the third state is triggered
when the neasured duty cycle of second flyback swtching regulator is

si gni fi candlagosgrsearer than first flyback sw tchi ng regulpar®G2004r0ass7ti on
fromthe second or third states to the first state i s t riggered when t he

diff e i asyre d uty cycles for. first flyback gul gt ar d second
fl ybaiésgggul Eﬁ%%?g%rﬂf'@ﬁet[sﬁﬁﬁ %’8’%%’6'85%1] th?h%ec‘éan&éw fsr{ré@etc'g&i ﬂ'éa@BFy cycle
of the secondary fsr 201 such that the secondary f|yback sw tchin

regul é@GP"QaWLﬂS%’a%éM@Ch@QWH{%‘Ph%GU%(tCV&'%tSa'ﬁ‘élfB@medaﬁtt?eSﬂaégsoﬁ Het hat o
f the d omnant fsr's duty cycle. This is perforned because if the
secondessy tHay tratof thecl eninanthisrs doty ayeleasthikiigrparfarted becausef iftthe

dom nate fsr's duty cycle, the output voltage may exceed the output voltage

set t i Bgcohdapefsadaiyneyate fiss madentes incheasechigher than thatiotahe dosinsteuses cut
back its current contribution to zero percent, defeating the purpose of the

duty Wsy{&@,rthecautﬁwmabeaﬁay ekegéﬂlheTB@tEg?%@.?eé;éetﬂﬁg%fo gfﬁfmﬁdis PVWM

out put of the duty cycle Control circuit 2 IS I gne ance between

t abi lgj d ] I PVWI. di '
St abl e ARk PP AR RS, e OG, ctk Hat s A SR RRABR IS, o
t he Vol P 101 th P -Over-Eth t j t utilizi th
or eseRereaTciRTPAN HEHREOsF of IS LN AR oMo SheitafPont demand.
Therefore, the duty cycle control circuit 220 nust be able to respond

qui ckil00%4] nelhe dearacnel arauGReY BlthaddNM putnud of tha dulyssycle avntyol ojreli and
the secondary fsr's duty cycle. A larger PWM step size achieves a fast

r espoi226. isTdesigred Hot halarcpibebween stélititybamnd tdynamic desponse. r s somley, a

step size of 6.25%is utilized. O course, other step sizes, as desired,
coul d PygMudistiete tepl AHdJesTh etable@aatyicyichvnthe® Betsnddy fér0 Hiswvdri H66 i n

scope by the specific enbodi nents descri bed herein. |Indeed, various

modi kG ahb CRSivRY P VBFeBhone 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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invention in addition to those described herein will be apparent to those
of skill in the art fromthe foregoing description and acconpanyi ng

dr awi ngs.wohues/0ss21ch nodi fications are intended to fall pertsic2ovstonessscope of
t he appended clai ns. CLAIMS What is clainmed is: 1. A redundant power supply
for an Ethernet device, conprising: a first flyback sw tching regul ator
having a first Ethernet port for &lAWM® power, at |east one circuit for
regul ating the drawn power, and a first output port for outputting the
regul yvergt ipewmmedas:second fl yback sw tching regul ator having a second

Et hernet port for drawng power, at least o ne c ircuit for regulating t
he d rawn power, a nd a second output port for outputting the regul ated
power; and a power conbiner configured to conbine the power output fromthe

b
Eihornet deviies TBagK oIS, apoyiAlE, RRiner B0 Etiengh e forstranies

redundant power supply of claim1, wherein: the power drawn by the first
f 1 §bapRWeR atcepsione glicuit fr reguatipgnh@dir@\yn PAETs BnE st QYR LOrt IR power
drawn by the second flyback switching regulator is supplied by a second
poder ositputtirey thef leguiateéd pbever;t he first power source; the first flyback
swi tching regul ator draws power through the first Ethernet port such that
the first RowBEoRPUTyBaCK OSEitdHMg | rebalatorhaling &l esceid MEerndtopbefoki r st

6 drawing power, atleast one circuit for regulating the d rawn power, 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

9 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 flyback 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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Et hernet port; andthe second flyback sw tching regul ator draws power
t hrough the second Ethernet port such that the second power source does not
i nt er r uptwoheodidseay7of power to the second Ethernet port pcd/sG2idamosssrdundant
power supply of claiml1, further conprising: a duty cycle neasurenent
circuit configured to neasure the dut cle of the first flyback sw tching
redll ator e ﬁﬁ@oroitfiyb@%@%qh'@%ereg (e cFaws RaWar.tireHoRGTee §BFRAGD . and
a duty cycle control circuit configured to control the duty cycle of at
| ettt Bifweroet port sueh that dhe pegend ROWES s@WCAgloesqwt énterruphithedlay ohpower
measured duty cycle of the second flyback switching regulator and ii) the
setondtd thehseclond Ethemmehgortegul at or based upon the neasured duty cycl e of
the first flyback switching regulator. 5. The redundant power supply of
clagm4, wherein: each flyback sw tching regulator includes a shunt voltage
regul ator having a reference pin and a high i npedance resistance; to

| ncy eage gl @ﬁ%&h@,ﬂﬁ&&gﬁSmrtgng{;&ghsq lator, the duty cycle

control ci I‘CUI se w hal to the reference
though edance reS| f _the shunt a | at or
ci atod MLty e OBSERMEN FERREOMER RS o MR g HEb. ST B it auty
cIe and the output pul se wi dth nodul ated S|3nal is transformed into a DC
SI g?na| first ﬂbsba%swé@!aﬂgrrggw@éorsﬁreﬁuthe/&uneg&clﬁé@f hgtsscopd fiybagk svéighingant p
ower s upply of claim4 , wherein the d uty cycle nmeasurenent circuit and
t het duteguiator;@ndontrol circuit are each a part of a field progranmable grid
array. 7. The redundant power supply of claim4, wherein power is supplied
to 8 he Et heamfety 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 regulator

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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device irrespective of operation of at |east one of the duty cycle
measurenent circuit and the duty cycle control circuit. 8. The redundant
power suppbyoafoseilai m 4, wherein the duty cycl e contr ol pCcIrsGaids/onese7
configured to nmaxim ze control stability and dynam c response of a flyback

sw fching regulator having a controlled dyty cycle., 9. The redundant power
sup Iysofgr E‘Pé?ﬁ\’ﬁa%ﬁ’é?%‘?rrﬁuﬁﬁ)éo(f&ﬁ?"b CW}%EQ%MWtCYQ"?HW@S%E@GF es the
duty cycle of the first flyback sw tching regul ator based upon sw tching
pulé esCis¢cuidarne thergutyeycle centrel gitsyitiare iachra agrirad qufield qrrogramemableyaridicl e
measurenent circuit nmeasures the duty cycle of the second flyback sw tching
regl abmaybased upon sw tching pul ses produced by the second flyback
switching regulator; and the duty cycle control circuit is further

configured to determ ne a | oss of power supplied to the power conbiner by
the first flyback switching regul ator based upon a nunber of m ssed

swi 4 chin fd ; Lishi I , erm ne
" baa o RfeatReaht lr seply. S oIREE, Heli bRk RpL AR 300 EeriEl ol
swij chi,ng requl at ar based on umber of. m ssed switchin ul ses af the
e cbnatPrign deeerifte A Rgeralbi o eds Bnere Pclifuside stoaiteRisal §7aft ol ai m
9, wherein the duty cycle control circuit is further ¢ onfiguredt od
iff%reﬁ[‘dﬁ'ﬂ%dﬁtyé})/ﬁ%eﬁp"ttr%ﬁﬂﬁ‘#'éry loss o f s witching p ulses a nd power
supply failure based upon the nunber of m ssed switching pulses. 11. The
redundant power supply of claim4, wherein the duty cycle control circuit
is further configured to maintain the duty cycle of the flyback sw tching

r egul agorTHewdigdant power sapplyrsfccidint ¥, ahereinahe aludy apdeoddntrohicireuit &s t han

that of the duty cycle of
2 configured to maximize control stability and dynamic response of a flyback switching
3 regulator having a controlled duty cycle.
1
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 pulses produced by the first flyback
4  switching regulator;
5 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 pulses of the second

13 flyback switching regulator.
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the flyback swi tching regul ator having a higher neasured duty cycle. 12.
The redundant power supply of claim4, wherein: the duty cycle control
circuit openrasss2iin one of three states: when operati ngpcm/sag26d4/08436%t at e,
the duty cycle control circuit does not control any duty cycle; when
operating in a second state, the duty cycle control circuit controls the
dutl cy8l erhsf raduadeatpenier syprly If Sidilnchi wheredytheadety eysieaontFCincHi is
nmeasured duty cycle of the first flyback switching regul ator; and when

opeZ at furtherm omfighredt csd iffezentidte boettveen  ehpocanytioss odiswitdhing putsesiasnd he
duty cycle of the first flyback sw tching regul ator based upon the neasured

duty cyeher Sfipplp¢aite€ daded |ub6ﬂ&he$1ﬁiﬁb§ﬂidﬂmiéwé\ﬂh§ﬂin% baiseShe redundant
power supply of “claim 12, wherein: the duty cycle control circuit

tra?sitions fromoperating in the first state to operating in the second
state when the neasured duty cycle of the first flyback sw tching regular

is greater_than the asur ed dut cl e,second f sw tching
ogtl addr P fombORRCRORSE Fry o el aMee R SRl SR b
transitions fromoperating . in the first ate to operating ip the third
Stede HHRTPTORENGURGIP dRRITATy Tas ity rcla pEhedlBAGK Syi5AOE Teak Bt haying
regulator is greater than the neasured duty cycle of the first flyback

swi 3 charigweemdasuoed dyutynoyate ah anstand-effovalue tesssthaindthat pé thiidytycgyele of ont r ol

circuit transitions fromoperating in the second state to operating in the

firgt tHeflghatkawitchingvegsalatedhaliny adigher méasuredidutpgtydleyback swit chi ng
regulator is less than the neasured duty cycle of the second flyback
swi{ching regulator by less than a third threshold; and

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

2 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
9 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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the duty cycle control circuit transitions fromoperating in the third
state to operating in the first state when the neasured duty cycle of the
second flwbaeks/weiirchi ng regul ator is | ess than the neavarsd2eutogossycl e of
the first flyback switching regulator by |less than the third threshold. 14.
The_ redundant power suppl f claim113, wherein: the first threshold and
{heb second the Goborudr ARl Gt FRratont Gorheraing i Te (WYGSHA do| <

| ess than the first and the second thresholds. 15. The redundant power
suppl y operatingi im the, thirsk pisite;: wher the mearured ity fygle: pE the sesand Hiybenlb! ds
are twenty percent; and the third threshold is ten percent. 16. The

r ed8indawitciingeregalgtpt ys afreateai thah, theh eresisored aluly roycheetof dbei fist iflyback
configured in accordance with the | EEE 802. 3af standard. 17. A nethod for

supp! yisRgtchifg ¥8g@atortRMRbrd than &58680rtehréhdige, conprising:receiving first
Et her net power and second Ethernet power; regulating the received first

Et t ; LN t
POty and Bt O SH R Uttt BEhSRbne W opEREiplh e iednB ey

d of clai 7 i,n t h t deyvi ' Voi t t
T SoBbrig ot TGS WBEnchEsrREb Y K68 e L Ba iRl AR net e
power is regulated such that a source of the first Ethernet power does not
[

nt@r r syitchife regulators; igclesstthadvbe: maastrededuly corste of e nsecpaddlybagk

regul ated such that a source of the second Ethernet power does not
i nt&r r apitching regalatad bivtlass than g thviest 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 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 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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20. The nethod of claim 17, further conprising: neasuring a first duty
cycle associated with regulating the first Ethernet power; and neasuring a
second duwp 2006mse21associ ated with regul ati ng the secondPErisexoatoogsener; and
controlling at least one of i) the first duty cycle based upon the neasured
second duty cycle and ii) the second duty cycle based upon the neasured
first duty tegeiving first Ethereehpowetiand secenci-B@maiowen control ling a duty
cycle includes one of i) increasing the controlled duty cycle, and ii)

de@ easi ng tdyulativgtthelreesived fiyst Bthéme? powehandthdisdcarid Etharnetdfhwerher ei n
the first duty cycle is neasured based upon sw tching pul ses associ at ed

W 4 regul agbRBinitethe ,@?ma@@gbﬁ,@p dieper, and the second duty cycle is
measur ed based upon sw tching pul ses associated with regul ating the second

Et tber net po&ﬁt@yﬁ@@the‘brﬁb?ﬁe& F?df?\%Eﬁi\%Pr?étrHe@idég a loss of at |east one

1) the f herne sed pon a nunber of m ssed sw tching
pul1ses associated with regul ating the f| rst Ethernet power, and ii) the
second Ethernet power based upon a nunber of missed sw tching pul ses
associated wth regul ating the second Et hernet power. 23. The nethod of

ol di m 53, T mesiod efplan; Hy: waprein e ENAMAGdedceded YoicerPdranemets of

SMAtChlng pul ses and Et hernet power failure based upon a nunber of m ssed
swiz chPrgjogalitelephold. The net hod of claim 20, wherein: the second duty
cycle is controlled; and the second duty cycle is controlled such that the
seciond duty cycle is

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 controlled duty cycle, and ii) decreasing the controlled duty cycle.
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mai ntai ned at a stand-off value less than that of the first duty cycle. 25.
The nmethod of claim 17, further conprising: operating in one of three

st at es; wwenresgnsphien operating in a first state, no dut pCeRcha4/080367
controll ed; wherein when operating in a second state, the second duty cycle
is controlled; and wherein when operating in a third state, the first duty
cycl e 22. com msthed of glaimh30 nwhaegin dhe (E'T't‘giQHt2§)’ClPu'§t’H8ﬁs%r@ﬁ’plP@?§%§P°n
transitioning fromoperating in the first state to operating in the second
st & e whitchihh puhssssassedidted stithdwgylatingltbe ifsstgctbarat pdvear, ahd the asoord
second duty cycle by nore than a first threshold; transitioning from

ope3 at yig dyld Renfastitedbasad UpoR RWitdhingOpulses Besbdiated withtregutaeng the
measur ed "second duty cycle is greater than the nmeasured first duty cycle by

norg tggéba'@eéﬁ%?@%edr(ﬁ&sg%%n Jrﬁ;?ﬁ‘s‘?r‘u doning fromoperating in the

second I'hg Tn the first state when the neasured first duty
cycgle is legs, than the neasuted second .duty.. a third
threshol d; SREMTIURG iatelf)ﬁﬁioié’li f‘?ﬁn%‘ﬁe&a{? ﬂh%f'fsxﬁltﬁ%'%fgﬁbﬁ’%é&%?gd tugogpaer ating
inthe first state when the neasured second duty cycle i.s | ess than the
medsur BAMPEF Af oNAspdcswitehing peises taﬁﬁcv@@d t"ﬂ#} ﬁegtﬁ?m&ﬁaﬁn@tpéﬁ%eﬁet hod
of claim 26, wherein: the first threshold and the second threshold are the
sare t howshandt ii)dthe seisend ltherneh pewrobeased upes & nwahet Rbrissest switehinge
second threshol ds. 28. The nethod of claim 27, wherein:

8 pulses associated with regulating the second Ethernet power.

1

1 23. The method of claim 22, further comprising:

2 differentiating between a temporary loss of switching pulses and Ethernet

3 power failure based upon a number of missed 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 three states;

3 wherein when operating in a first state, no duty cycle is controlled;

4 wherein when operating in a second state, the second duty cycle is controlled;
5 and

6 wherein when operating in a third state, the first duty cycle is controlied.
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each of the first and the second thresholds are twenty percent; and the
third threshold is ten percent. 29. The nethod of claim 17, wherein the
Et her net wievbemsta7configured in accordance with the | EBET8G20@aho3st andar d.

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

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 Ethernet device is configured in

2 accordance with the IEEE 802.3af standard.
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