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transm ssi on of broadband DSL data and tel evision
signal s over conventional anal og tel ephone tw sted
pair |ines. BACKGROUND [ 0002] Most tel ephone conpanies
t oday provi de anal og telepﬁbhe and ot her services to
custoners using a legacy infrastructure conprising a
single twisted pair (TP) of wires for each tel ephone
nunber. Conventi oMETHODRAND ARPARAJMNS service is often
referred to as a plain old tel ephone service (POTS),
and the t WGRAROWERINGELEGCERONICS ASBOGIATELS | i ne
pair, or sinply as a POTS TP. In sone instances, it is
desirabl e thle'bAt'la':'lﬁBHﬁ)NErL)lNEIMlSrT(ﬁD PAlRvVi ces or
equi pnent associated with the twi sted pair at

| ocations other than either the service provider's
central office (CO or the custoner's prem ses (CP)
This is particularly the case where the tel ephone

s other types of services to custoners,

Tgﬁgﬁﬁ§§Lgﬂéhbband data services, e.g., DSL services,
where it may be desirable to enploy signal processing
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such electronics in the field, particularly at renote
BAGKGROUND can be difficult and chal | enging. If an AC
povver grid is accessi ble at the renpte I ocation, it
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associated with the twisted pair at locations other than either the service
provider's central office (CO) or the customer's premises (CP). This is
particularly the case where the telephone company offers other types of services
to customers, such as broadband data services, e.g., DSL services, where it
may be desirable to employ signal processing electronics such as amplifiers, line
equalizers, or signal boosters, for instance, at an intermediate location on the TP
lines. Providing operating power to such electronics in the field, particularly at
remote locations, can be difficult and challenging. if an AC power grid is
accessible at the remote location, it may be tapped to provide operating power to
the electronics. However, this is not always either convenient or an option. It
requires technicians in the field to deal with high voltage wiring, and the power
company may not permit technicians other than their own personnel to access
the power grid.



the central office that are not active, i.e., that are
not used for providing voice, data or other services
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Seﬁﬁ’ésctﬁapéo%égseﬁwe foregoing and other disadvantages of known approaches.
In particular, it is desirable to provide systems and methods for powering remote
electronics from an active twisted pair of telephone lines which is being used by
a service provider for providing services to customers without disrupting or

interfering with these services, and it is to these ends that the present invention

is directed.
SUMMARY OF THE INVENTION

[0006] The invention enables operating power for auxiliary electrical
devices, such as signal processing and other types of electronics devic'es, used
with an active twisted pair of telephones lines over which a service provider
provides a service to be derived from the active pair of lines without disrupting or

interfering with the normal service operation of the lines. More particularly, the



provides a service to be derived fromthe active pair
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The plurality of power supplies of the plurality of twisted pairs have their output
terminals connected in parallel to share power to one or more auxiliary electrical
devices so that no twisted pair of the plurality has a total return current in excess

of a third predetermined value.
DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 is a diagrammatic view of power extraction apparatus in
accordance with a first embodiment of the invention for deriving operating power
for signal processing electronics from an active twisted pair of telephone lines;



of a third predeterm ned val ue. DESCRI PTI ON OF THE
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well adapted for extracting power from conventional POTS twisted pair
telephone lines to provide operating power to signal processing electronics that
increases the bandwidth of the lines and/or the distance over which high speed
data can be provided, and will be described in that context. It will be
appreciated, however, that this is illustrative of only one utility of the invention,
and that the invention may be used for deriving power for other types of

electronic circuits and devices and in other contexts.

[0017] Figure 1 illustrates schematically a generalized equivalent circuit
for a POTS twisted pair telephone line system, and shows in block diagram form
power extraction apparatus 20 in accordance with the invention that derives
power from the POTS twisted pair for powering auxiliary signal processing
electronics 22. As shown in Figure 1, the twisted pair comprises a “Tip" line 24
and a "Ring" line 26 which extend from a telephone central office (CO) and a
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t%%sugh the circuit from the CO to the CP over the twisted pair. When the phone
is "off hook", i.e., in use or busy as when a user picks up the handset or presses
a speaker- phone button to use the phone, the hook switch is closed and a DC
current does flow through the circuit. A principal function of this DC current is to
enable the CO to determine when the phone is off hook. AC currents are used
for ringing the phohe, for dialing, and for voice or other services. To ring the
telephone, the CO applies a low frequency AC ring voltage of approximately 90
volts RMS to the Ring line 26 from a ring signal generator 38. The AC ring
current flows over the twisted pair to a ringer 37 in the telephone coupled to the



through the circuit fromthe COto the CP over the

twi sted pair. Wien the phone is "off hook", i.e., in
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22 or other auxiliary electronics devices which may process one or more of the
service signals on the twisted pair. The signal processing electronics may
include, for example, signal gain or line equalization circuits to compensate for
losses on the twisted pair to increase the distance over which high speed data
can be provided or to increase the bandwidth of the line for higher speed data
transmission such as DSL. As will be described in more detail shortly, power
extraction apparatus 20 extracts DC power from the twisted pair 24, 26 in a
manner that does not adversely affect the performance or operation of the

normal POTS telephone circuit, and provides a stable, constant source of
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adversely affected and that normal POTS service is not disrupted.

[0022] As will also be described in more detail below, the DC-to-DC
converter 52 preferably converts a higher voltage, lower current power received
from the power supply pre-regulator and protector 50 into a stable lower voltage,
higher current power for the signal processing electronics 22. For example, as
will be described, the DC-to-DC converter may receive an input voltage in the
range of 12 to 95 volts DC and produce an output voltage in the range of 2.5 to
10 volts DC.
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processing electronics.
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range of 2.5 to 10 volts DC. The product application brochure for the LM5008
illustrates circuit configurations and representative values of circuit elements for
different desired output voltages. Preferably, the DC-to-DC converter is
configured for an input of the order of 48 volts DC at a current of 10 mA, and an
output of the order of 4 volts DC at 50 mA. This output serves as a stable DC

power supply for the signal processing electronics 22.

[0027] When the phone is on hook, there is no DC current flow through the
phone over the TP lines, and the voltage at the intermediate location of the
power extraction apparatus 20 will be the difference between the 48 volts
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supply would experience. By limiting the off hook phone current to 10 mA, for

example, the desired amount of current, e.g., 10 to 14 mA, will be available from
the power supply for the signal processing electronics 22 even when the phone

is off hook. Thus, when the phone goes back on hook, the line current will drop

below the pre-set level of the off hook current detector at the CO so that the

telephone service operates normally.

[0029] Figure 4 illustrates a preferred embodiment of a current regulator 54
in accordance with the invention for automatically regulating and limiting the
phone current flowing through the Tip and Ring TP lines. As indicated in Figures
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E’%E’Pﬁ}%&ﬁ”g{t?fro gﬁmsnstor 100 and the current from the BAL terminal

70 of the high voltage protection device entering the current regulator at node
108. As long as the voltage drop across resistor 106 due to the combined
current is less than the voltage necessary to forward bias the base-to-emitter p-n
junction of transistor 102 (approximately 0.7 volts), the transistor remains turned
off and the current entering node 110 is not limited. However, as the current
through resistor 106 increases, the voltage drop increases and starts to forward
bias the base-to-emitter junction of transistor 102, which starts to turn the
transistor on. As transistor 102 turns on, it reduces the base-to-emitter voltage
of transistor 100, which starts to turn transistor 100 off. This, in turn, reduces the
current flowing through the phone at the CP and into node 110. Accordingly, by
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power supply or a high voltage spike caused, for instance, by a transient
condition on the TP, the current consumption of the DC-to-DC converter will
increase as it tries to maintain the pre-set output voltage. If the current
increases to a level that is greater than a pre-set value of the off hook current .
detector at the CO, the telephone line may "latch up" due to the excessive
current flow, even though the phone is on hook. To prevent this situation, the
invention also preferably regulates the current flowing into the DC-to-DC
converter, and limits the current to a pre-selected value that is less than the pre-
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[0035] Thus, the current regulator 120 regulates and limits the current to the
DC-to-DC converter to a desired maximum value. By appropriately selecting the
value of resistor 124, the maximum value of the current drawn by the DC-to-DC

converter can be set to insure that the total current flowing through the power
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current 0 14 mA to the DC-to- DC converter

th?'gg@mfoé@qgf@“rﬁé4 of the power supply current

regul ator 120. The value of resistor 124 may be
se[0837kd suds shoan, ¢dh ofa pla@tyob"fm@ laer s TFhe, TP-2, ... TP-N,

{ ﬁii\'ﬁ\?%%(/e Qﬁl%gg&cig?tgé {v PLEX Eaé: on aBbJér%F rs],tZOq %W—é,?.ioe-ﬁsfhat may
be substantially the same as described above, each respectively comprising a
poWer supply pre-regulator and protector 50-1, 50-2, ...50-N, a phone current
regulator 54-1, 54-2, ...54-N and a power supply current rengIator 120-1, 120-2,
...120-N for limiting the current to associated DC-to-DC converters. In addition,
each power extraction apparatus may also have another current regulator 130-1,
130-2, ...130-N, connected in the negative return lines 78-1,78-2, ...78-N from
the DC-to-DC converters to the voltage regulators 66 of the power supply pre-
regulator and protectors 50-1, 50-2, ...50-N, as shown in Figure 6 and as is
illustrated in more detail in Figure 7. The power supply current regulators 120-1,

120-2, ...120-N limit the current flowing to the DC-to-DC converters as



forward bias the base-to-emtter p-n junction of

transi stor 122. Thus, transistor 122 remains turned
w@bdoz/okmeever, should the current flow to the BXFUS20D6036677

converter increase, the voltatfe-drop across resistor

124 wi || ihncLease Wien the current flow reaches a
. { Lt
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the current fla

t hrou stor 124 t e -t 0-
DCEXCERTILP pwentg"owergaxs eaussg '%Chlaﬂyas ?f@d@éfw#%a%f%cﬁdh as the
CuptaBIiDg 8o eHeP httdmpts 18 %ﬁlﬁbﬁﬁhé@%de‘t Bufpst I'dlt%gé liidi tr@mgnal
to the DC-to-DC converter to a maxi mum
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converter can be set to insure that the total current

f | bigh egrremrapnghions maydieisedip Piovids 3 gortine oRfhegenviprd gwrent
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tector Pr ef er abl
t hihatesouisew suchea flow ¢o insawe tat tﬁ@l%t%E’CstweﬂWan ﬂﬂéﬁéﬁ/ﬂe can
maxl .
IS 58 VP PR ARt i ool
c ueleeinanicywittalit cgusiag fire Btchinge Tb@@tw:emtr&mﬁaierr‘t@1 130-2,
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whi'ch ce excesslive curren |'ow O
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| at 20 t
oi Per Gighe pubEiiedt B SAiaheing it hal e ki datue o
eafthdd @t he® CO. | Bheeshadbed erharad n’ramobe 6
gg%ctor ;(Wt @’p@tt ?’h S q L&I‘e ?wé‘?/. rngﬁel atc E y:gure
oSSBT TATeIR g e Epla oy B Th e Phe High eurrent
ci b@wmonbsat e s#thé tiketshibe if R3] théegetse durrent @gbir@nénts to be
di agram of anot her enhodi nent of power extraction

apﬂ'éV'QPt?é’ 3rpongRIbings A dS@HPt he i nvention t hat
operates in a pooled or shared TP |ine arrangenent.

TP dege ephorrgyure THmstratasd pefdriedsravodieentofd DCabily
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R L e

| i BeSarbis! AsShodhethedDC-t6-0d ddriveabr dlrrdnit Pefilatte 3y be
inserted into a return line 78 from the DC-to-DC converter to the voltage
regulator 66 and the rectifier bridge 64. The current regulator 130 may comprise
a pair of NPN transistors 140, 142 and a pair of resistors 144, 146 connected
together in an arrangement similar to the current regulator 54 of Figure 4. As
shown, transistors 140 and 142 may be connected back-to-back with the emitter
of transistor 140 connected to the base of transistor 142 and to one side of
resistor 146, and the collector of transistor 142 connected to the base of
transistor 140 and one side of resistor 144. The other side of resistor 144 may
be connected to a node 148 in the return line 78 from the DC-to-DC converter,



off to separate custonmers. The lines are typically

termnated at a binder wwthin a canister, and it is
wa@eowemioent to derive power in a shared power PCT/US2006/036677

arrangenment from the bundl ed16nes for powering the

si gnal processing el ectronics or other devices for

| b Pl Gah Gl Jea o e FelaeLl R e

Axophestad teaciodef!58 lrpth@rraturm linep78 fepthe rﬁetlf@abrl@gerﬁnﬁ dition,

e anoe 57 Mher TS (10 ARABTRAUBE RRURY o6 b A/ )

S uwashacked ad hydé he0,sssnehoms. descri bed above each
respectively conprising a power supply pre-regul ator
t ect r.ent
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;:hwmmumea'gmﬂ Rigue 7128y functmomaubstannalwhel s{ame Wams i ng
e curre ssQci a

PP CestriveRangr ERoraet U Sppi A oo fhs il Byatec i
haﬁgur@rﬁ)t Ties valtageeagulategploaides alk®stantiall3bnBtant output voltage

130- N, connect d nes

i n_.the t t i
7016 oliTerR TRBYFIGH 2L BB REBR B LRRS e current
v Oﬂebaﬁﬁarrﬁgulhﬁfs%@ cttertflowhe trrwme,ntosm @buvemree ua@eﬂ ainormal
and protectors 50- own in

6 ShAU NS GAEHna gt BICBANS FoTYBTET HBNETTHE Gopume SxcSssive

Th&r%\%tuﬁéﬁﬂb@u@t&r f1§0‘furﬂ%9 BpatatsSto¥8§uldte amqmat the-return
120-N limt the current flowing to the DC-to-DC

copreant Epm the MGia- Qgsqquqé%rémﬁ%abnorﬁ@' eQnitions to a desired pre-
regilakprs 130-1, 130-2, ... 130-N further limt the
current consunption of associated DC-to-DC converters

t he case of transient or ot her abnaor mal

su@ﬁ“% voRefegingstg; higie 75 gpdgriormakeondifions HUV%'%J{OW'W%ﬁom

EXGRES] MEINGNE FDn Ik P8 thiddER Fesistoh1 abrpRaRI biases the base to-
‘conditions, this excessive current flow nmay cause |i ne

| a@reﬁhehg il Jaactgmeq}” trgngistpr ddQdrimigion Hie fransisws. 45 Ipeg as the

fl}fﬁinﬁ ﬁ&wﬁ?tfﬁiﬁm% drRittBRé MR RtdrR0RARSER r@éiétEIUMG to node
e processi ng el ectroni cs.

poiﬁ»oalo tbwﬁumim? the metierdriggsirgeduyass @ \@yaaqe plami thatis
| CUIEEEpFan%HéﬁhQ&tJ éﬁ’imeﬁ B JBH&IO‘?’I%O-E %é hQ@éssa#atB%era'P@‘BIas

experience rrent conditions used
t otremamtord‘etlza(apprquatetyfo T welts) dearisister A3ris étrmecﬂ pwHowever, if
(PO R B 118 Tk PLE DORIABERE B apporma
t oconmh;tmnesmctmas & leltdd@- spikeDOrcxample, QTe wiltaglairod beginsten
forward bias the base-to-emitter p-n junction of transistor 142, turning the
transistor on. As transistor 142 turns on, it reduces the base-to-emitter voltage
of transistor 140, which starts to turn transistor 140 off. Thus, by appropriately
‘selecting the value of resistor 146 (for instance, to be the same as resistor 124 of
current regulator 120) the current regulator 130 limits the current flowing in return
line 78 to a desired value, e.g., 14 mA. This, in turn, limits the current flowing
from the BAL line 70 of the high voltage protection device into node 108 of the

current regulator 54, and through Ring line 26 back to the CO.



mai ntain a stable output voltage and current to its

associ ated signal processing electronics wthout
wa@amgionmosé i ne | atchi ng. The current regul at or BGDUL2006/036677

130-2, ... 130-Nin the retwtyline froma DC-to-DC

converter insures that the current fl ow ng through the

power supply uIa 0 B8 [

bt o o 950 by Pty RoBlBf af by FBDobfhe Plwer
| egipplynesidoer Bo, selsoauaneall or’feﬂeuetunrh lihdee7 &1 f 7HBok. .78-N of
detector at the OO .The sh red ower rra rge$%%ﬁgntmaybe

Fi tha RC--BEr @nderigyp dniherog: Qﬁ"FW
m"@ﬁa'ré’cﬁ Rofnl MG EHB TEHARCEOWErSupplds! Qﬂiﬁcoamgly tallcmisheaDC to-DC

he sane tine since it allows the excess ¢

r ecqrivedasin 1a poakd aranaenant aie enahiy @ TaiF{ATLE Spstepgaly
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odr me DC converter current g%
13m|nng|aijmonayl d@@dﬁrg@@jwnhpthéa\wag,éI?roggm pgy:pne)}l; ine more than

@%I pi% gét af@ﬁo@m@é@%ctort Afrddt TRis BrofiQMHE Tdi€ring bF 6tﬂBr*-W|se

e inserted Into a return |ne
f r distupling BE marmatbpmatnrr ofdhe telephenedicviiigel any @i tha wsted
66 and Hhe rectifier bridge 64. The current regul ator
130 RS E5fprise a pair of NPN transistors 140, 142
and a pair of resistors 144, 146 connected together in
an[09deRng e ndMhilestherifdragoing hes been itk iesnestio FH@%FGEM of

comtbgetipeelie Bentd b pBp B halHanDBy i be made

14t megmembedrmermts Withdvh departing fransthe tspirit ang thererinciplesmef the
si de of si stor o si stor
14% 8%‘5‘% &FOP6 O% ngcg get fp ﬁ'? ﬁ-'arqé %&%gﬁd%ﬂélgﬁg one

side of resistor 144. The other side of resistor 144
may be connected to a node 148 in the return line 78
fromthe DC-to-DC converter,and the emtter of

transi stor 142 and the other side of resistor 146 nay
be connected to a node 150 in the return line 78 to
the rectifier bridge. In addition, the anode of Zener
di ode 88 of the voltage regulator circuit 66 al so may
be connected to node 150, as shown. [0039] The voltage
regul ator 66 and the current regulator 120 of the
enbodi ment of Figure 7 may function in substantially
the sane way as previously described in connection
with the second enbodinent illustrated in



Figure 5. The voltage regul ator provides a
substantially constant output voltage to the current

wo egaloatoos 120 under nornal operating conditi oPGT/USI6/036677
the current regulator 120 |i.nigts the current flow to
the DC-to-DC converter under abnormal operating
conditions at which the converter would ot herw se
CQ@ISAMIVS excessive current. Current regulator 130
further operates to regulate and limt the return
current fromthe DC-to-DC converter under abnor nal _

- condi t Hons Apparatlesordxivingeponetr flogva kwisfed@agof telephone lines
Referring to Figure 7, under normal conditions current
f |tgMboigerigin andrnid8cticaltdesiceetampridingie 78 t hr ough
resistor 144 forward biases the base-toemtter p-n
junction of transistor 140, turning on the transistor.
As | ong, pswdrRapsiy hagng fifst and sgedndterminelsdor ¢andecisn to said
transistor 140 through resistor 146 to node 150 in the
r afistal baingt & Bchiort etwees bidehtal dfficedarel prostowespremises, the
voltage drop that is |less than the base-to-emtter p-n
i dr@QpHI9 Iré@aend16 eaigdirst téronifalrandnplithiolsge archeursendfrom a
142 (approximately 0.7 volts), transistor 142 is
t U BEtheWtlsaidHavEMEpair Aid Edreveetivgrsaid inpbt wligbe aedicetrent to a
146 1 ncreases due to the occurrence of an abnornal
condidibOBd oBHRM vaRage ViR suxilfapy elextinpl devicehthe
vol tage drop begins to forward bias the
baé&bh&}?ﬁ%iﬁél%f tHR: dbvicd BGHpIP Prevfiding arsirehtaetuld & a second line

turni ng e transistor on. transi stor 142 turns on,
it irbgse-to-emtter voltage of transistor

14%{3%\?%5'@%@@?2%5 to turn transistor 140 off. Thus, by
appropriately selecting the value of resistor 146 (for
| NSt aNCLeoykdht P@g[LMISr SRR Heedibdsed id &k dcond fineof said

regul ator 120) the current regulator 130 limts the

g%&%@@ﬁ EElrrrKé_ﬂ‘ r%ﬁeligiﬁg IF%EHEH éhnlén:ﬂﬁoxﬁi%gwtr@ Sieshd Rk watheeentral

urn, limts the current flow ng
fr ' i ' RFAELREERIMG said
e B e B e D

:::Ihé@”?%ﬂ éﬂ’%irrgg\el Jelibnd rthfh%tlof &ic? P&N&de@%@]urﬁéd hasRetdhd

tying together all of the positive power

fgﬁ%%nb:tﬁg gur?%it %gt@%{)ngt:egyla.ﬁng ?@d mgﬁttﬁéé k’e[g%fnt %d_?r%gt from the

gaw héq%hé@nﬂ%ésg CRQ@AtEEHe ?Jtél%%ﬂ?ﬁﬁwin irCAEREES&HH line to the

ared fromanong the various power

su %grlﬂiraﬁ Sofﬁcécié: %rsg itl%tg\l d pre%la{en‘?\fnetd%h@g to-DC

2. The apparatus of Claim 1, wherein the power supply comprises a
voltage regulator that provides a regulated voltage, and a converter that converts
the regulated voltage to a DC voltage corresponding to said preselected output

voltage.



converters in the pooled arrangenent are enabled to
mai ntain a substantially stable output voltage and

wa@ oo emtood o t heir associ ate signal processi ng BCT/USI006036677
during abnormal conditions w §gout draw ng through any
one TP Iine nore than the pre-set off hook detector

current avoi [ ing. of otherw s
di sruptd ng t QWB?WELI'S @J&g?'ﬁiéd’p}‘ g'nt h% PP¥PE further

circuits of any of th pairs of |lines. [0042]
WEQraPrises 5\"359'&&6”‘%9& RFQ’@CBC&'E ‘0\9‘% ‘i'i‘aF Waitepput EPW@HEQ%SJHW
enbodi nents of the invention, it wll be appreciated

t hike twistasyeair We@!@mﬁaéleﬂbe\ﬁ%%@ hisdatenBied n@fmymn;voltage
depart| ng fromthe spirit and the principles of the
i nthehpriotasts theeroyesSEPRIS- which is set forth in the
appended clai ms. CLAIM5 1. Apparatus for deriving power
froma tw sted pair of telephone lines for powering an
auxi | i dry ellberappaatussehGlaia! 2 duther cempgsing apether current
supply having first and second term nals for
cor@ggétqrmnngctgmrdan utguidimeiithe valtage regidatonte thetoppeatter,
a central office and a custoner prenises, the power
suggM pthes ceirentriiggwatos Amiding ithes eurrent shippiledztn thenpenverter to a
vol tage and current froma first line of said tw sted
papreseinalwsotiratistiéssghaman offineak cusentdy éheatwdstedi prient t o
a presel ected output voltage for powering said
auxiliary electrical device, the second termnal of
the pover sUpplapppragis @ﬁGiglmsA duviereintsaiccethencuresnd regulator
second line of said twisted pair; and a current
r eepInprises adiitaipsamiconslustor devipe Hwd chnirelha ssecrchserhicardusttor
said twisted pair for receiving return current flow ng
i ndevice indlbenatdgerregtletor et seppliealcuoeni todhd camaerteeto limit the
custoner prem ses, the current regul ator further
r ecerent sgpizddo the camvertémwinert the caierentidatiesnsaid presbt value.
said power supply returned to the second |ine, and the
current regulator regulating and limting the return
cur r ent6. f r onThenappanaitie wEClagm Enivbersirs saitl firdtand tskeondot al
current flowing in the second line to the central
of $ansieomduckarsievicha comppsefitet andisenatdvaneistor® . redpeetively, said
apparatus of Claim 1, wherein the power supply
c ofivpt fradesdstar being in a non-conducting state and said second transistor being

in a conducting state when said supplied current is less than said preset value,
and said first transistor being responsive to said supplied current for controlling

said second transistor to limit the supplied current to said preset value.

7. The apparatus of Claim 1, wherein said current regulator
comprises a first semiconductor device disposed at an input to the current
regulator for the return current in said second line from the customer premises,
and a second semiconductor device responsive to the total current flowing in the

second line to the central office and being connected to control the first



vol tage regul ator that provides a regul ated vol tage,

and a converter that converts the regul ated voltage to
W@ 200z 0¥bé age correspondi ng to said presel ect eBCDUSING/036677

vol tage. 3. The apparatus of G@im 2, wherein the power

supply further conprises a high voltage protection

device that limts | nput Povver sur%es froms(tghe t w st ed

patamigensiictr gpvice iolimik e oA cerreRt T e RHSIOMpRIgMIses so

maxi mum vol t age that protects the power supply. 4 . )

Thidabgsic italesimeht figvangrinsaidipeqase lipgipless Ry saipiedptermined

current regul ator connected in an output |line of the

voYalégye regul ator to the converter, said other current

regulator limting the current supplied to the

converter to a preset value that is |ess than an off

hook cur enfThe appaiatusafsiiaim pavhereis saithfrstachsecond of

Claim4, wherein said other current regul ator .

c oRnicerdiicioriderises sempaismiigtanst sepond diansipters. desnactvely.dhe

second sem conductor device in the voltage regul ator

t hifrst tsansistordeingubiasad toracariteictinghstate and the serend transistor being

current supplied to the converter when the current

r cliasexbtosanah-goreietings stiateewhén saitl éotalpperieat isdess thah anich

5, wherein said first and second sem conductor devices

c opredeteenined yaluapahdthemedond kassistoobaing ceymoted todhy first

said first transistor being in a non-conducting state

antarsistor sceaioctausatis firsioransestorgo ientest acwmeemduntingsstateevhen

when said supplied current is |less than said preset

v atheaotabtuirehtexteeids Shidtpradeteshined baluag responsive to

said supplied current for controlling said second

transistor to limt the supplied current to said

preset 9val u&@he appdiatusagizaiat UsviudreiGlsaichpreédetatreined value

said current regul ator conprises a first sem conductor

desonaeriseis sp@hedsurh that in thEuabgence bétheuetuem tumrerg ditoat the

for the return current in said second line fromthe

Cuaistarmér premises eitie tatabiclares flowithgde thecsaednd ting talbeiceatral

responsive to the total current flowng in the second

| | o¥cd B le&ethae ahofflhoekfcuaentand bei ng connected to

control the firstsem conductor device to limt the

return current fromthe custoner prem ses so that said

total cuxremhebppaviang offClaied ¢, Wwereindalid aerans régedatort inalndes

sai d predeterm ned val ue.

an AC current bypass and the regulator limits DC current flowing in the second

line, and wherein said current regulator limits said return current from the

customer premises to a value that is less than an off hook current.

11.  Apparatus for powering in a shared arrangement from a plurality of
twisted pairs of telephone lines one or more auxiliary electrical devices
respectively associated with one or more of said twisted pairs, comprising, for

each of said twisted pairs of said plurality:



8. The apparatus of Claim?7, wherein said first and
second sem conductor devices conprise first and second
WO c@n®imveors, respectively, the first transi stBPCT/D8I006036677
bi ased to a conducting state_gnd the second transistor
being biased to a non-conducting state when said total
current is less than said predeterm ned val ue, and the
second apawesisspply hawingdirsand secend tegmingis for eeinection to said
transistor so as to cause the first transistor to
entwistecipaioat 2 nedtion betyesn ataenitakoffieshand acustomer peamises, the
exceeds said predeterm ned value. 9. The apparatus of
Cl power Bupplii eecsiving an gajdrfissidersinal padnpel ioages apd cerentdrom a
val ue such that in the absence of the return current
f rfirst lineef calt toisted paieand esnvetting said mputvoltagatantlcomenigo a
in the second line to the central office is less than
anprebélettocloutput veltdge faOpowdrmgagrpassatiatededuxiliaay efedtrical device,
wherein said current regul ator includes an AC current
bythasecaitttetimal eigbé power suppiyt srolddingua c@rdntrétom toga setond
the second |line, and wherein said current regul ator
| i fAet f samli tdhist&d pain current from the custonmer prem ses
to a value that is |less than an off hook current. 11.
Apparatus for powering in a shared arrangenent froma
pl ur al id firstodurtent ssgedhtpradapteaf tothe! diggsed in theescone ling of said
nore auxiliary electrical devices respectively

aswisib@ paiel fokré seing rediirmngurenefioving th theliseterd Pl tosthe central
conprising, for each of said twisted pairs of said

Pl &¥figd frém:the BO¥BMeP PRIPhived) 8%id@imrthf BguRitst fa@iesrNgceiving said
termnals for connection to said twisted pair at a

| ogatdn® froRPehdecorR ©hfinaPbf safd pEferanPpky rétFic®Ithe second
prem ses, the power supply receiving on said first

t &8 BAd RN curfPY Feg(RIt6AGuRRRY &M hiRifihg RO rBt@n culrehBfrom the
line of said twi sted pair and converting said input

VoL {<3SHRerAtEmfdds stk thal tie i %G%r@rﬁ’ttf%WirﬁquhﬂHé s¥Q3rdABR to the

for powering an associated auxiliary electrical

deaférﬁgu ofiiB8 I8 SOMEN LSl ftedetRimihbé vgegl,e%nosuppl y

providing a current return to a secon i ne of said
twisted pair; a first current regul ator adapted to be

di sposefsddandl RErréfGefdator AR pEeFRi Frctith $ihe % BaitipolheF supply

receiving return current flowng in the second line to

t heoh&Bld &sociated auxiliary electrical device for limiting a return current to the
power supply from said associated auxiliary electrical device to a second

predetermined value; and

wherein the power supplies of said plurality of twisted pairs have
corresponding output terminals connected in parallel so as to share in supplying
operating current to one or more of the auxiliary electrical devices such that the
no twisted pair of said plurality has a total return current to the central office in

excess of a third predetermined value.



office fromthe custoner prem ses, said current

regul ator further receiving said current fromthe
wa@ewand7over m nal of said power supply returnedP¢DUS1066/036677

second line, and the current y2gul ator regul ati ng and

limting the return current fromthe custoner prem ses

such th t he, t ot al r t flowing.in the second |ine,
to the ?ghtrﬁﬁ‘e 8???r%@gi°i%"s"s11t Whgrein said power supply comprises a

pr erm ned value: and.a second current regul ator

G SR RaletornBesliine BAHARd YERH e Sl eiaapt harnaan output
sai.d ?ssoci.at ed auxli Hdav:g{ el ectrical device for L

i e FfPraviding & rRoiatedaietage a0d URRidP asepyerert arsha third
sai d associ a{ ed auxiljary electrical device to a .
seCHHENJPERaIE diRPRERA PAAkOUtRHINGHEF Emiling the gsteat provided to
supgl ies of said plurality of twsted pairs have
coPPELGOENBIterdo AR thakis igssdhan ayaheafen afihgskraarmeat flowing in
so_as to share _in supplying operating current to one

or hpsecopt lipgof ﬁ\%@ﬂspaafﬁdéwm pajafromdie cesforat prefrtises.
the no twisted pair of said plurality has a total

return fgrre/gt to the central office in excess of a
third pfedeteathRstolReweang an apxliarysiestaeal dewre om afwisted
11, wherein said power supply conprises a voltage
reBﬂ'IrQaﬁ?eﬁ"’@@@“(??%éomnémghput vol tage and current and
havi ng an output line for providing a regul ated

vol tage and. current to a converter, and a third :
cur r ent "SCBYINSA! Grlocatiop helweana senterl oificp@ndia qustanaer premises
limting the current provided to said converter to a
vaPOAR KPItaE ANEkan InRHk PLETeREITofE afirstlinecifisaldomistedipaignt
flowng in the second Iine of the associated tw sted

pair fromtrq,e custoner prem ses. 13. A nethod of

power i nPYRMEE,SAIY iBPYt vortags AR KPubieyTent tq ap auteut valtege @nd
pai r, of tel ephone |ines, conprising: receiving at a

| oRUPHOFHMTRAY \%@ PPWLIBe fRid AuXiaryi electaerl dgvieeist oner

prem ses an input voltage and an input current froma
first line of said tw sted pair; converting said input

vol t ag’"QHANG AIGEUTR RRHLIRF retyngurignt R SQF@Ing dige ohpaid twisted
out put current for powering said auxiliary electrical
deRi'te; providing a return path for return current to

a second line of said twi sted pair;

sensing the total of the return current flowing in the second line from said
return path and another current flowing in said second line from the customer

premises to the central office; and

regulating said other current from the customer premises flowing in the
second line such that said total current in the second line is less than a

predetermined value.



sensing the total of the return current flowing in the
second line fromsaid return path and anot her current

wo b@wiommoé N sai d second |ine fromthe custonerPET/ERIBE836677
to the central office; and regzai# ati ng said ot her
current fromthe custoner prem ses flowng in the

f?ﬁgnld Sl Ir 2:;’% yen I%cgaa Bfr(?sé‘glé'? g? %&@%rgﬁ%ra ae@g}f f%nqlagmﬁeg%‘lg‘mtmg
O vt B et RSP RO BsBOBR RS By yae

t han aP ?fet of f hook current value in the central
of PP CENIEDMMCPre et hod of O aim 14 further conpri sing
sensi ng a return current frompowering said auxiliary

2 val ud hat e eiaed S Gl ;%if@%ﬁ BallpGhy SRagHS B furent
I 16.. Th t t

Sﬁm%%.myegag S i P e LT Y U S FROAFuTLE i to @

twisted pair of lines in a_shared r configuration,

whials thak lsiless iBaB sgidhyeset offihao ng?“l‘f‘?&‘ ‘sai d sensi ng,

and said regul ating are repeated for said other

Lth Zﬂte b+ e Ml oGl ﬁgk’vﬁf&?% ﬁh?@lﬁpﬁ%ﬂ@%s’@ﬂ&uxﬂ'aw

rents ar e OV\BI‘I

auglpptflgﬁal eyice fiom g%qtﬁ%rewg c? pair ofl nesnas aredl power

configuration, wherein said receiving, said converting, said sensing, and said
regulating are repeated for said other twisted pair to provide another output
voltage and output current, and wherein said output voltages and output currents

are combined for powering said auxiliary electrical device.



