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BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON The present inve BE‘\C 2003
relates to network interfacing, and nore particularly to nethods and

systens for transm ssion of high-speed network signals over hone power

| i nes. DESCRI PTI ON OF THE RELATED ART Local area networks use a network
cable or otReggoedsa to link stations on the network. Eachuseesdss area
network architecture uses a nedia access control (MAC) enabling network

interface cards at each station to share t he nedi a. Conventi onal
| ocal area network ar ch?pé’E?%%EBéEArW‘g%%géﬁ%‘

25 access
operating according to half-duplex or full-duplex Ethernet (Aj’mmmlmmlmmlm
St andard 802.3) protocol using a prescribed network medium such gg,l0
BASE, T. Efforts are underway to devel op an architecture that enables
conputers to be linked together using conventional tw sted pair tel ephone
| ines instead of established |ocal area network nedia such as 10 BASE-T.
For exanple, efforts are underway by the Home Phoneline Networking Alliance
(HomePNA) to adopt a standard for inplenenting a hone network using
t el ephone lines, Situations JBy &d ﬂmg;% re use of a tel ephone
line as a network nedi um may not déﬁ?e%i ra I?QSI!ENngY OF THE | NVENTI ON
There is a need for an_arrangenent that provides an alternative nethodol ogy
for inpl enEEHYF FHOVEN I but er network without the necessity of
convent! onal Nerfgdc,Rnfon AL Enddh BERRm] AL mbEhARAAAC L AB:IRA! 2. Nore
specifically, there 1s a nee or an arrangenment that enables a home
net wor k t o shens fgs renymistiendd bigh-rpgedarivetkisigeplsodd heABtoVE BT ses power | i nes.
There is also need for an arrangenent that enables inplenmentation of a hone
net wor k USiDE3CRIPFION'GF THE RALAKED ARMer |ines that protects any probl ens
associated with power |ines) including protection against high voltage
condi ti ons. Thekecalasea a¢twerkynsetinefvnrk cable erofharprdissqiinkstaegns ehgepreprk. Each
i mpl ement aty Qi het@ork Rt WRE Kmdifl 10@ssGbifoDIVRNC) BlaBifH S8&& ok itdeface chrigw®s wher e
si gnal conditi oni ng IS og%i ane for horrel networkt skgn@ S gsp%r aédilang at data
rates of a PUSLHONINaGANEYIAhsJariaEREREC E IORST Ay TR AU CENE Bt HEP needs are
obt ai ned byacdelseoprobs esperaiing\aantding m halfidepla oafufldifiaEtemetd ANSYIGEE 8tehdirdr passi ng
hone net wor i . froner - pr E; m ses power
line. PCT/ L%%@/"g@%g@“‘w  ges D&E‘é&%%%g%’ %)‘Ifﬁpf%g’gg%/ US00/ 08889 Accor di ng
to one #spect oFfferparciupdeariy iasisvelo ap prFkitgure atspabies epagutess o b5 ekt REMSH e
net wor k si gR@k SontddtichalN@Sked FaPeph@k lifids @8k of tiGbIBhEIecal @ in& @6k pediesuc i ne
havi ng a po Ly Lin d a neutra ine d confj aur f suppl yi ng
power s gnaf'\lé‘vi(.5 B RSy s, s g S %y tléen%on}f%g%lﬁ%’e?ﬁ%‘ggﬁgg‘#hs??&each havi ng
an input t efHpitPAA) eradopantlandsid forimplementing wrhomgnetwpry usingielephpredipesgfigativobic ond
capaci t or s gonfii.Maued:, bk fisk bi AEkgAheliRCasRAWREL Skt gy fopERied@6le.at the i nput
term nal ends and passing to the output term nal ends the home network

signal s upB! i@ H?{EW upply line and the neutral |ine

respect !léel y." %lép#:l er a soloﬁnc! udes an inductor configured for
short-circui tingnLegh dlakor Wﬁge§l&rﬁﬁl§tlp§ovﬁgs oh BRI RAthol Bdghkd? BhplRElHg and
havi ng passed the capacitors) d

_ and a pr (%t ection circuit, co?lf i ﬁ)ﬁﬁg{g or
limiting enfdlog§ compuiehistoBIRhow g RefrsThagl comyeRtipiigt™orkaPaia iy 2 oA
prescri bed tlbphesehiat ledid. Mote.spdcieallpfthdrdiea jredfoeatarangeridt thatieables a fooe | i m ti ng
energy in the DOV i\m%iteﬁ&?éd% iRy xIerT@ chdudt $rkrﬁ§ Hahingnds ensures that
receiver circurtry \ N the NOME net wo transcelrver is protected from
transi ed vol t agbersjsplensed fepan aprengemiatibit ceshlotimelopeEPee 9 Heme TRBOE0VEE , the
i nduct or ensb@s-ptehitbs RWH lin@IhatlptatectdHRYVBYOblErhsGBsadiftednAMIpBer MRS Slhding

protection against high voltage conditions. There is also need for an arrangement that enables

implementation of a home network using customer-premises power, lines where signal conditioning is

optimized for home network signals operating at data rates of a least one megabit per second (1 Mb/s).
25 These and other needs are obtained by the present invention, where a filter is configured for

passing home network signals to a host computer from a customer-premises power line.
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wthe first and second capacitors are short circuited, while nalntalnlng t he
honme network signal. Hence, the inductor enables a near zero volt cohdilEr 3eDa

to be maintained at the output of the filter at the power 15 signal

frequencies) enabling a network interface to recover the hone network

signals fromthe filter. Another aspect of the present invention provides a

met hod of filLe[isg hone network signals froma customerpgygythees power

| i ne having a power supply line and a neutral |ine and configured for

suppl yi ng power signals. The nethod inctudes passing the signals supplied

by the custoner-prem ses power line through a protection circuit configured

for limiting en Bleaide, heRER 6 b dndoh s if Sebliceh| i e ROYETendl Onal

havi ng passed t rou e rotectlon circuit d second

series capdef bast @mp‘é?i PG GHsERrerRIpmifes PAVer ling @a‘t‘%é PBW/&H‘PP% ﬂl@er?aql S“GB‘FF‘ e power

supply i nehnaaﬁlﬁgulm f6@uHiplyailg pbweR Sgnals eIEhBﬁIEeTr inviedey flrsadﬂdsep@a Sdpagtofs eechhome

B:ts\évg{:l k t ?III’ %&V]Pg %n mé)utf terrmriaf eng .!alrd%rlil E)l%)é_lllplg Yeng %l%s:eafclj‘ég d SQCO cla%aglltogs confsgureg %’ f‘le hO me

net wor k i gfriatng the Plawersiguals reqsivedoay the inpgy te@funzrl el @hslahssxpg)wehe ostpgmtusal ernis ures

that all highsye Lét@a@mgma@ﬁppﬁedw b §ov@:¥ apﬁy‘smfé Lhdth\RbEHd QPG RE, ieMe net wor k

si gnal s, enabllng he network i nterface device to recover the hone network

si gnal s safdleylso Mglyssiap pdycton eRpHBHe Jo shogpryeung arsidyabpawst gaalp st theQEPYt v ent i on
Wi || be setterininaldids and jpaing pdssed tha eapel@ss,rahdid praectivhdicilit doafi duivior liairith énergypar t

wi |l becone of the

fol |l ow ng or ﬁl%y eggéqafsgt tﬁagﬁgtemag%&ﬁgggrg%cn&ﬁgﬁ%s?ﬁ@ﬁﬂtl ggr%aomﬁgr%!eg@%nt ages of
t he 30 ilhveweider limayneisecrgydmine mr agiels e dPaidermipy! erds appyrephatiqqeiver

i nst runent adikditneeithdine: warhimek trma&waantrbtwudabinyramhtwtﬂage Quks thdd mbhe appended

cl ai nrs. BRI EF DESCRI PTI eren t he attached
o s EeY BT B Mo TR DS TP R AEL NG S Rt TRL: | o
represent | thkiiyst@hdsewnd gptcmr@&rgbmm:lrcam witile meintaining th2 h@neDE@oXOFE Wen®.1 111798

PCT/ USO0/ 0888Q4ucloftibiffes & nbad z&o A @&Hindh @98 AlthihihdaUshd Skl uR rhQGahe RVER
network i nplenented at a _custoner prem ses site using power |ines as

net wor k rediiggel feaisndfsrfgablipe aafﬁ“”@ﬂ‘ﬂb‘fffaﬁ"e‘ﬂfec%r ‘P‘}f@mﬁf“‘é‘ﬁ‘%f‘g‘iaﬁ\ffé’ﬁfhiegh‘” Fi gure 2
is a diagram il lansthéradpedaof thapretat aivdntibd@ovipieyenettiold BEfilferidgtheme mfwdrt Gpnile |

accordi ng nt the ] | AVE! L CARRYI NG
OUT THE | N\}Eﬁ% &%r%gg*e%“ P°?£s”§ép'§f‘ ‘%?’;ﬁg‘t Sf‘ppaf’nl?ﬁ%’ﬁ“e“t %? éED’E@'f "1 ocal
ar ea net wor $epridng mptreisealt ot method inpladeppasyingitheisnaysurnlisd yghecussansppremigaseni ses

power ||ne5p01'3r 1A6 mR%gH mot&cqomcﬁmaq;wa@m matmgtéﬂa ;naﬁa%ahbedwﬁrmﬂea@ Each of
t he custoner - rem se ?& pover | i ne are m@gl e- phase power

lines) Ebupferp sy mesidtt?rf"ﬁgme ‘ﬁ’febtﬁ’ﬂ °‘.’L"6“ thfcﬁ‘gl ﬁrﬁﬁvi FEUEEE in a

cust oner - pr@pacses canbpuneirflr filsing texpanqy sigyals DO the hevee upplp ieranguherdusat §nepover | i ne
12a has a pEWEkive! BRI Mssnk BE ndf n)ew@rk@%hs 1afd shbrt-BRuikif) amy aa@aﬁpo%%ﬁgs | i ne
(GN\D); custoner-premses_power |1ne has a power Su l'ine Vs2 a
neutral | i nEvipgpyassedihepugh tgfr%aﬁeﬁ LIORLSIERERRSiton ﬁ%&\ﬁé?mw@ﬁf@&alﬂn and a
power suppl phe Ismoﬁt&uh(&&g oaremultproakr sighal@nduld} thatan dlgﬁ-v@ﬂ'agblm{deﬂsig% a(eGND) As
&F??gp;ég d | 1?mr;[ap g’\ fr?né IEhb gome nel]Qvor f ] sggrp !rzlél lhg g&vé?rlé{ng' fface% ﬁ goejzcover thﬁﬁome
custorrer-pr@mosl@gngiomy line 12a, 12b and 15 12c serves as an indivi dual

shared network %@h&ﬂ)ad%ﬁa & lafhoG b Fre DS t@hﬂ&@io&@ﬂl%l& Sl foRY inpat QWRI | NY
net wor k. Each g serves. a corresgon i ng set of nodes 14

confi gured $e&FPLE ({Tich&qﬁ‘ﬁ%a“rdé%@ﬁﬂ“h‘&%ﬁﬁpaﬁ FPK “’gpeﬁh‘atf‘%m 8t exanpl e,

net wor k nodesmitdian afivak folkyigloemayoR fdaged eygrabiye oftbridvetidpn 2Thel adveazesuif g  home

net wor Kk ,5i glnahéonmnaésmaamat%tﬁy R 8P lmam DAL ahd {gl,ﬁlb&&%ns Simlarly,
nodes 20 l4c, 14d, " and 14e are configured for sending honme network signals
to each ot h@F“CW%V%W&dEHﬂ%WPcnﬁ?déFﬁr@es power |ine 12b. Nodes 14f and 14g
are configured for sending and receiving honme network signals to each other
vi a t he poweRIEF DRECRIPTHONAY THEIRAWRGE in the art, each node may be

i npl emented as a conmputer workstation, a printer, a conputer having

hi gh- speed | nt erR§&fensedyinade to thgpttacheddrawings, whatpip glemonssibpangshe samgelsiaeeof t he
nodes 14 rra;wnaﬂasdas@ﬁudnmbﬁfmmcedexaﬁtsamoulgmenhwm consuner electronics 25
devi ce, for exanple a video cantorder, a digital video disc (DvVD) player,
and the like within a given data rate. Each node 14 includes a filter 20
configured for passing Hone PNA-type network signals, and filtering the
power signals supplied on the correspondi ng power |ine 12) described bel ow
The honme network signals are supplied to a physical |ayer (PHY) transceiver
22 configured for sending and 30 receiving home network signals according
to the Home Phoneline Networking Alliance (HonmePNA) Specification 1.0. The
horre PHY 22 ‘recovers t he d| gltal packet data fromthe hone netvvork si gnal s)
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.2 3 DEC 2003 WO 01111798 PCT/ USO0/ 08889 4 As descri bed above, there Q?[@CZM&
need for an alternative arrangenent that enables the physical |ayer

transcei ver 22 to be connected using its RJ- 11 type connector to the power

i nes 12. Connecting an RJ-11 type connection to a main power |ine,

however, introduces concerns of dangerous high voltages that are typically

present on tWsopewer lines 12. In addition, the power | ircgasqipsssfe not 5

configured for sending and receiving data, hence are subject to

el ectromagnetic interference at the fréquenci es associated with the network

signals. Hence, the power line 12 may have noi se voltages with different

spectral densi tFigge Oid&blbék dagnatEeengdipdal m&&&orkﬁrﬁlﬂen&)(tadm b eus@ingiTer S,

notors, etc.

ansi ent s
st cal 1 &k afe 03 SREFar REER Phieor B TRk EIERR MR (e
filter 20 i s spéigird1isalipgraniidigstrgingdn tte@lle:t@mweetmlfg}tml@l‘fgwbt@For‘bu&to tthe power

signal s erdeDﬁem'B@m@ ENA ineter k signals, as well as any vol tage spi kes or
transi ent S|gna S t aF may be present at the spectral range of the power

S|gnals %gj.{:ﬁ AQJR% ]\H#&t]ratlng in detail the filter 20

of Fi gure accor |ng 0 an e the present invention. The filter

20 is inpl e”entﬁglr@-ﬁs@dlfdér%&f' aﬁﬁﬂetﬁl@'ﬁﬂiﬁ@ﬁh 35’1&'@hr@ﬁ]etdoﬁ&@ﬁmﬂlénﬁﬂ@@iﬂ'aver 22 of
each node 14 In addition, the filter d within the coupling

15 net wor k N8 PYrmEEHt iins cresrPé“hHFf@S% B‘e%t"res é%y 6@??54% tt 't‘j’ Theest BB ng
power 1|ine uikré’xﬂrpn E24b of e cul@ﬂertp&nﬁk&ﬁ&@ﬁnlﬁesﬂei WEir, tmdSE@unerm@;e -phs paleohives, | N
Figure 2, J ek I di ode
circuit 30 §le£l i n% d%glsgt% b&j%r %{tw"‘"f S’esdsédh% ﬁ.rstgngr ansi tﬁ%fwg eﬁ%?{!@%t 30,
capaci t¥rs “@JE“WT E?mseaﬂ%i”ealﬂtfﬁéq(‘@s t Bayer SupRiviRe O Bputatiine Wappdeistostds C 1 and
gZ e?c hI ha\neeh@mm QMmeE-@rExﬁilsdB @tweemt 1351haa|¢ov&nsuwt nmtvszt £feicd) e (8] ehd20 3|6 |
imlarly, e.re e oupled to
the vol t ag érograﬁ)lwla ?ldlfﬂg) gﬁ)gtomar P CF"PSCS pﬁ and a é)u{ver S ppfy hﬁe {’sNa neuéraﬁmc ([I\g’,ve y
Resi st or s FRRtousdiohe FENI| Agedognized ath@UItMOWeﬂdppb'deﬁl adl V.Y ,mdhavedifferﬁhe
resistors %Lasénﬂr eﬁgm}ﬁyfﬁ) ﬁéklree Is?fﬁpatﬁontljﬂeﬂc éal:ﬁ &Etoxggepreﬂtﬂgs pQQ@rﬁf% £aa5b, aHﬁes

Speci fi cal | gcr he resistors , having a resistance val ue of about
0. 47 OhhSB) 1 %’VF%P’E‘H@Ht“@EFh%{%d @@P&‘V“WE‘S‘?"%T‘%’F&““?? phpsg foupledbytacowplingpen
circuit conméiwbikon in an overload condition, elimnating fire concerns. Each
resistor is rated, for h eeding 1
watt causes theEaChg?wsef gnlr%gylg-?rv%s W%E@%lﬁgsetggﬁﬁeéﬁ‘?%ﬁt“@ ed?% eq‘gmg%%gtors R1 and
R2 al so bi agseivinghameaepyprk sighasclipr example, c!‘é%’é‘ikln%éll“lﬁelllddw arggopfiguged fr ge8distur rent to

enabl e transd &ccﬁrﬁﬁgﬁb&h@ne&%rkts%nﬂpﬂrfoﬁésﬁeaw Jﬂm Rerdsd Be M@x&ﬁaﬁ meslmmd@@rnaaasng range.
The transit ci ecially

cur
dosi gnof t P a PR SRR ssove R as Batf APy R ATr ed f o
limting t rpaamsepmtveremetznyddes 3pand i14g monrfm\ueagne&ndlhgnnadchntmgdlnwe teverk r ansi t
di ode circy alageteﬁah&vﬁmt@é?tmc%t Yis ke ﬁ@dﬂﬁlﬁ‘uh bRRER nddd Hay £0 iR} rt%@é
distortion NA net wor k g*t"‘ perating above 1 ahertz
(MH). The ahb‘f?é‘PF’NN‘t‘héta\h%‘rW@iegha‘rmﬁ‘% r%‘grh Pl {tamet 1FES: pARSrikei ne 12, for
exanpl e at Mmﬁatlvlslg any @8 6Ethe foB& 18 mayBdotbe thipleireitedbis hn i3@ligdnEdtRGmEd R cttonBNS| ent
energy Lnt he . (0] il Qf.6Ct i ng
t he physs?ca “fe %rexa'?g ?\?‘gehg%elg\(}ge)r’ra m#v&gd&c‘)\,\gB?éﬁ §n%theq k‘%%‘“ 2003 The
filter 20 airusetq ncl udes capacitors C |1 and C2 that are configured for

filtering the pexghodiignRahds il becohfikel fctrezrsmmdmew psﬂetaa@srgﬁﬁsanmg to
the output term nal ends 36 % rl}erre net(ﬁo gzg ﬁSL gpll d by the
power suppleTEE POACr SERRISSHRR ISl 1 SPFROR g(ﬁﬁ)”“ “f‘h ‘1218 °“%Fnd c2
each are XZetwprieigodyraciuppbiedsto b hlaysica tager (B drafscivep22wenfigsredfopdeydingabdy vol t ages.
I n addi 44 onzcﬁgh&%m@:%&q s iedordlihe @O SRR EARAEANI BRI BRAND) 22

nanof ar ads causin és capacitors to reject n power

si gnal , andPprafseiondd He quﬁw}éﬁevrsﬁﬁ?@“ﬁmﬁkﬁ‘ld@‘ﬁﬁ% the RpmestvOlksiseds | y are
above 1 MHznd #hdshiepadrettdhe vie appdi nddpendest nﬁdaﬁcemmuoldt HﬂEEHﬂlBicoﬁ)fahahhﬁbldﬁo 60I :—iz
mai n power t {04} . ;Y sha
current of a§{1gqﬁdt'%her3ﬂﬁ?%eﬁlréry n sr%gndg%d%ée% bl patcﬁ% il f“é?o I%‘Jé %dé al so

i ncl ude a drRsecel é@wtfﬁﬁdﬁﬁét"%’rpaé@ts @d?ﬁqueﬁnedysfew(o@)ﬁéPftthft\r‘?fbmlm g the

resi dual power signals at the output termnal ends 36 that passed the
capacitors Cl and C2. In particular) the choke-type inductor 32 has a first
wi ndi ng 50 and a second wi nding 52. Each w nding 50 and 52 has a fast

term nal end connected to the output termnal 36 of a correspondi ng one of
the capacitors Cl and C2. The second tern-final ends of the w ndings 50 and
52 are connected to ground, and each wi nding 50 and 52 has an 15 i nductance
of about 260 m crohenries (uHH). Hence, the inductor 32 short circuits the
resi dual power si gnal at the 50 60 Hz frequency range, and provides a

. A LA




“Wile this invention has been described in connection with what is 93 DEC 2003
presently considered to be the nost practical and preferred enbodi nent’s, {
is to be understood that the invention is not limted to the disclosed

enbodi nents, but, on the contrary, is intended to cover various

nodi fications and equi val ent arrangenents included within scope of the

appended cl avoev11OEQ(! 14 Amended Page 5.1b ri a:: "~6! ~ RET/USBO0888% : ' g
"h~ o, ~~ 1% i ' ~t ~~r~rTgix x4 g ~~" 2 3 DEC 2003 6 ~ ~ 08.
~OF~? CLAIMS ~i 00 1. Afilter for passing home network signals to a host

conputer froma customer prem ses power |ine having a power supply line and
a neutral |ine Anscdzdibayeltted if oredorsu pipkmaiivegrrp@eusnt tsit gnblesthe ghipgrall i | t er

bei ng. char ek L8R 4 ldofitbieatiitls RIGONyk BRALIE Bl shirckind3). (BRELRAVI NG an
input term hal end and an. output term nal e I'rst an secohd

capaci t or s @i Hype srprscHen e mpip povrer linedioppgr: wamﬁesg?rﬁm%dmwm at the
i nput ter rrw]agesmd&tmdup@asm B@thé pb“tehenemtmuadutoartmpaa&r negds ath@ home
net wor Kk SI |.i ed by the e neut l'i ne,
Fespect Peerored HRRaE s Hosb e oISl Bl SRR BT Pesi dua
pover si gnébaensies !Smm@dm;ﬂu@e negwyomi mhls dhaets, thetpowér hh%lkZeTlapa%edsechl@g@apam tors;
a protecti Qfip @ffér%kﬂectfa%&&@@tfe't(gmgteg @Ehalnéegnf(;ﬂeﬂiglpﬁ@ﬁlﬁlg:ys ok, RR., Rower
signals at the input termnal ends to IHIgrescrl bed threshold limt. 15 2.

The filter Y6 as&‘lgBF‘fﬂg! trasigpts hamay 6ses 1Be Myt pyer s 28t or  (R3) coupl ed
across the i npusccordingrionizldiselngld ershredimen thd fitr 20ds shaificallysiedigedyo ngnpitelyr ed ener gy

in the fi rfﬁﬁer%{fl%e ﬁ&é?%gna?s%eﬁﬁ!hth%éf»l@&‘ﬁm&?@sx%n[}lg‘A?&Z«Qif mh&%f?a%@%ﬂ%e 10 a loss

of the povver Sl g ter protection
circuit mé‘i"lﬁ’d’éé‘gnaé? that BpyShetPregantry e greqtial firee PR PoReRtiEPYr ed for |imting
transi ent ener gmglﬁmzitshaowhg.rammx@mh@nBaaupﬁeermexrzob,eslgawi aoa@asgtoa;he transit

10

of the hong" reS|s
connect ed ilamersrensveesr iﬁ@f welenpdc h‘elnl armm ttwefﬁlm fﬁ)ahay émﬂgedoﬁlthtnhbe Cbmhs& and second

capaci t@r s n@Rskk 148 isBRMRe hSHHRIWor sigh8s @ Bl cdREpoR B o@dr 1ihd 198) 125, 65PeRt 1 Vel y,
the second and third resistors generating a bias current in the transit

di ode ci r cAEIEEATVIF Y THg a power | evel across each said second and third
resistors to a fvsesarin Bigdre 2 hitedBtardi0dhcludOwd residibre Ri hddtRer a tehsicdiak oircdif 30nher ei n

eac h Of t hgrc§1§8rq{§qn eaggle]t»\mh ttg: t]ral%gldﬁ)h x{brEmJ 3% Calﬁg%%é%é% (?3 6@] a clg(:l)kgl *yP gs fb ...

con ured as a
saf et y r esingpesr 3%/ Rhg Caﬁ’ﬁéfﬁs @i 3nd (7 eash haye andrpyiiprainat q9d fhaad proguenut papmelend n t he
cor r espNdB# GiniikSy, Gk QkisteX RE @kl 2Gaiche mp&t@es:ﬁml bﬂcbstcwp@& I%Qiled/oltaée su‘lﬁ;hysmfei | ler of

claim 4, Wk'le cftp g‘mltc%%ggrh\?\i rrés?&:gvh' {{esxsgrs R‘iian% 2 gfsl?aﬁ/ nsouggut cg%c&gpl > Vatt. 6.

The fil ter power Sl g B about
110- 240 VA@de% 60 Hz, the transit d| ode circuit clanping the transient

energy to about Tt%@glst\’!rs R Ghd R2 ol ifohid theiePdo, b @ﬁemteﬁas fmeip@élﬂaﬁ}h fe hONE

net wor k si gnal s _have a frequency of at |east
esistors R1 and R2, having a resistarice value of about 0.47 ohms are 1mp1emented as safety resistors

25  that create an open circuit condition in an overload condition, eliminating fire concerns. Each resistor
is rated for about 1 watt, such that a power surge exceeding 1 watt causes the resistors R1 and R2 to
open circuit. The resistors R1 and R2 also bias the transil circuit 30 described below, with a bias
current to enable transil circuit 32 to operate within its prescribed operating range.

The transil circuit 30 is implemented as a pair of diodes especially designed to dissipate high

30  peak power, and especially configured for limiting transient energy to specified voltages. In addition,
the transil diode circuit 30 has a substantially low capacitance that minimizes distortion of the home
PNA network signal operating above 1 Megahertz (MHz). The home PNA network signal is
transmitted on the power line 12, for example at 7.5 MHz. Hence, the transil diocircuit 30 clamps the
transient energy in the 110-240 volts AC power line to about 250 volts, protecting the physical layer

35  transceiver 22 from power surges.



8. The filter of claim®6, wherein the honme network signals have a freguenc
of 15 about 7.5 MA 9. The filter of claimb5, wherein the second Gh@EE #0dd .
resistors each have a resistance of about 0.47 ohms. 20 10. The Fil telzpfy De
claim2, wherein the first resistor has a resistance of about 1 Megaohns. G
11. The filter of claim 10, wherein the first and second capacitors eaica

_are XZtype cHpébir2dnlse lh@ludengpmlma@amdt@nmmf:mﬂbﬁwfoQtﬂteﬁaglﬂif: psvads and *thdd, 200
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power §ig§3ﬁ%ﬂ’%¥’h%w epopefsepplydine wipod the 1602De WHCTheSibaGibrd- € andizledche hone

net wor Krewgﬁﬂ |c§3a&lﬁké@ha@arfe Fa?eqlﬁﬁ B&Ver |1:2 pﬁftmeﬁmﬁ&gesl nga%mw m[e)zEc(z:l);Qa%’ftlo]r'SS 08. 0 1

Cnirn

. ~g- %1\9‘1‘? c2 h‘“’%a GPP“C“%“C%“BEE‘ @%@fw (ﬂfhéallsmz thepapeffltocsltaremtlhe 5M=ﬁé)r ein the
first ahehangoendigtAPaChishshgRsinadteon PRXRBEERARE bty AV

capaci ce of about 22 nanofarads and t he inductor “has an 1n uct ance of
about “m crohenries between each output term nal end and ground
potential . Suthdugh THaeaphiilots@l amafC2Gilter mdsilo? the 8066 B Raih REw S, ﬁﬂeg ¢S have a

range 60Hz t he home nefwork 5| s have a

f regue%{’: dof? P&z‘i%% gfyﬁﬁz m%gﬁmf%t of the ﬂ‘glfﬁ%tagcd?a"f fgnelsy Hengp, Fi‘S err’?@t wor Kk

si ghal 315‘7 m@vﬁea Cm&mﬁmm Hrviogfigsrep Gonetrort lcircviting Iavésidgal o Wighialsddpel v | i ne and
a neut ea{,uttehﬁsmemsemﬂagwtﬁ&aﬁa%mﬂgmk& Ggy&ﬁg; a%%'h nal.s 8{435 g‘;t hod bei ng

characteri sed J)asm n Sg em ses
power F‘i‘sr‘f@”[‘m‘"ﬂﬁéﬁ apd 3 sespnedyinding 1Ea€hwldlez)ﬁﬁangé2maﬁhnttehmmltend\g energy to a

pr escr idn@étteli tothd dutphd thrizbiiai ek BiftredpoNMig ofid %‘ capalitrd A uh{16 RAS SGehat N ough the

protectio i rcuit throu flrst and sec series capaci ors (d, C2)
confi gffpbﬁ“af%‘f“ ?L’l*qetwé‘fdf%@g}%‘g SHBheannesied ipgrasndy and eaeh wadies S0ang 52 yaSIanne and the
nﬁdﬁ  alindbdtane: of A@BYI6T taicrshbryies @HﬂHﬂﬁﬁﬂeﬂﬂiﬂ&F&thﬁUﬂﬁu&ﬁkmﬁ&aﬁM%ﬂ@é 1 aﬂd f
short QWVEY. al s ed through the first
and seshbitleshdo ALK S8, ofl NGl oot b nEBG Bime g 6. 20 16.
The mePRoaige above) W&Sﬂabmxéheehome PN& netvork sigmalsrte be shfelyGupplieito ihac I udes: :
CONNEChiyRial wérl&uﬁsc&aafi@ »ﬂiho&tlaﬁlgéﬂoir&kw(ﬂﬁgé rgé‘ﬂtég&@i B fRdhoniEd €S capacitors
n In

to first, ter nal ends of first and seco respec |ver, of a

choke- IS/ g Fesistancs of %h@%@?ﬂ?@%@&ﬂdﬂ@&emlcu@meawssm first and
ﬁemndumtmmgmdsmgmmﬂmme&nﬁwfd}disﬂﬂrgﬁfgsiokbﬂeﬂéa mb)é%ﬁc&toﬁgucltor 16,
avi ng . enr.i.es met hod of claim

wher ei ﬁq?ﬁi e&?a:ﬂg Eh[%'fh% e 95%3‘ (t)%ﬁ d vmgglftetggr%’ébg’éﬁ ¥ He ?@é@ﬁ‘aésrf@we Rf5E®apaci t or s
havi ng1% Thisprsetes safay dor dife usgbout 22 nanof arads. 30 18. The nethod of claim 17,

further conprising discharging the first and second capacitors and the
choke-type inductor using a reS|stor connected across input ends of DL0O014
15-05- 01 O 5rREmpnip! tegig usis the aove described filter 2phave shown srocgssfieperagomsing
transmitting home PNA-type network signals between two network nodes coupled to main power lines
25 12 having a range of 10-20 meters for a 1 Mb/s network.

According to the disclosed embodiment, a power line filter filters power line signals in the 50
60 Hz range, while passing home PNA-type network signals on the order of 1 MHz, enabling safe and
reliable reception of home PNA signals via main power lines. In addition, the filter 20 protects the
physical layer transceiver 20 from spurious noise and voltage spikes that may occur on the power line

30 12,

While this invention has been described in connection with what is presently considered to be
the most practical and preferred embodiments, it is to be understood that the invention is not limited to
the disclosed embodiments, but, on the contrary, is intended to cover various modifications and

equivalent arrangements included within scope of the appended claims.
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~the first and second capacitors, based on a |oss of the power signal g3 g 2003
The nmethod of claim 17, wherein the protection circuit includes a transit
diode circuit (30) configured for limting transient on the power
signals to prescribed S voltages, the trangit diode Eﬁz‘gu% %aw ng a
substantially | ow capacitance for mnimal distortion of the hone network
signals; and second. and third resistors (R, R2) coﬂ]ﬁeﬁﬁ,gmﬂ n series
between the input term nal ends of the first and second capacitors and the
power supply |i geAam® the neutral |ine, respectively, j second and third
resistors generating a bias current in the transit 10 de circuit and
limting a power |evel across each said second and third resistors to a
prescribed threshol da g2@r fof @ssm%h&ﬂdna{voﬁdﬁgzmswah&?% ng&extﬂ?&n%‘ﬁ%m%fgna' S
have a range of about 10024 , network st gnal s
have a fr equenc?r egHisen POerAine havingsa ppwer supplyding anda wmmn@m. cmnﬁgtirbd far-

,f : . ~IWG . o
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] C;]_ E;]_ E;;]_ C;]> Cg‘i Qing% &1 c&i’{sugp].(lge%] é’ ]th ]pge'l;rc glllpp?] a¢]3 Ca?l]dct%]ecr?e]ugra ﬁr?e]: ca] ca
a] ca] ca] cajoca] cakpaliedy;ca] ca] cal ca] ca! EQETElI EyEzEFhFGGs GG@HHC! | FJ™ J~JJJJJKK
LdLLMBMVDN |

a] ca] ca] Ca;l%%\éé}@g?%é](gé Jé’&?&‘ﬁ?‘t&? %&ﬂ%}h‘g@?’]&% Ca]@%@%%g&%%mtﬁugﬂvﬁ
VhVi Vj VkVI VWqV&Hth\éﬁ}(s WMWhWe gsse g ka;ah%ﬁrs .U/ caV] ca

W] caV]ca]caUca]c"alca]c"a ca] cal ca] c"a] cal ca] ca] ca] ca] ca] ca] ca]
c alc a protection circuit (;0) configured for hmJtmg energy in the power signals at the

a] ca] ca] ca] ca] c%g&%%qﬁ@%@%%gﬂ\{% VKVI Vg VsVt VUVXV~WW} wr | e_
X{vql gb] X] UVJ ca

WV] caV] ca]¥aU ca] c"aU] ca] ¢" a] cal] ca] cal] ca] ca] ¢"a] cal] ca] ca] ca] ca] ca] ca] ca]

“EIoM & () LSLLBA & -18&9%&§k1' (yfifﬁb% ETEEBAE [l BN PR () - o

\ i K-f)10% & () inpuiwsnging] pngsia disghdrping stbGhediergy imthe first and

10% & () - 10% &

af 1o%§ 3& ()-! 10(%‘:“&9‘%%9&83/% %ﬁgﬂ ‘Fd)‘%g’ﬁk‘%f‘%")"ﬁelt(?%l%?s CfbgaovpnigEly 1
20 3. The filter of claim 2, wherein the protection circuit includes:

a transil diode circuit (30) configured for limiting transient energy on the power
signals to prescribed voltages, the transil diode circuit having a substantially low

capacitance for minimal distortion of the home network signals; and

.25 second and third resistors (R1, R2) connected in series between the input terminal
ends of the first and second capacito;s and the power supply line and the neutral line,
respectively, the second and third resistors generating a bias current in the transil
diode circuit and limiting a power level across each said second and third resistors to
a prescribed threshold, |

30

4, The filter of claim 3, wherein each of the second and third resistors is
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.10\ 10\ 10\9%$;10% & ()-!9@0% & ()-8 10% & ()-!* 109%& ()- !* 10%\& ()-
'6] dESH=f)10 10F 10% & ()-10% & ()-1 z10% & ()-L!s-10% & () - 23 DEC 2003
10% & ()-(10% & ()-]

ZX9SH=f ) 110% & ()-,!! 109\ & ()-:!!1109%\ & ()-:!!110% (& ()-!!10%\& ()-
10% & () -G % ~=SH=f)

108 & ()-&)!10% & ()--1)!1109%5& ()--(10% & ()-9' 10% & ()-'$
109XX&' () - %@EaB7= 10\ 810% & ()- |1 710% & ()-510% & ()-s310% & () -

109& ()-& , 10%chifighiedds s jsidaty teHshkQRAt &pdn)citchits ih@8¢ponse & thepbwer 1eve1mth

100/ & 89100/ & 0% & O\ " 10% &' "10% & () F
o () Seuon &l il L ST Tow e () 1

10! 11 109R22& () - 0Z10% & ()-Y . 10%&'()-|&"1ocy@() 71 & "10% ; & ()-Z%

10% & () -" $$$$$$%=8uS1! 0%|&")-l 10% & () - S&10% & ()-Y(10% & ()- 1022
1022 1022! 11 10922& ( Theddier of slaim wsin the pregay) gﬁ(*yresholsﬂ@mmec)stoaboutl

10% 1 & ()-ls 1o%v€gtt_&'()-lv@1ov & ()-1d@

1090D&' ()-*7+,t, 8-..zX6uSL!|-110%, a, & ()-! (1 10%f& ()-!(!10%a& ()-!"!10%
a& ()-1"110% & ()-L!10% & ()-.>1?1@AIN1OL1x2uS4! Sy (109%& ()-! 0Sy |

(10%& () - (&10% & 0) 'M%f' &fél)uin jl;Qx;h\erein the power signals have a range of about 110-240
VAC, 50-60 Hz, the transil diode circuit clamping the transient energy to about 250 -
V.
10

7. The filter of claim 6, wherein the home network signals have a frequency of at
least 1 MHz.

8. The filter of claim 6, wherein the home network signals have a frequency of
15 about 7.5 MHz.

9.  The filter of claim 5, wherein the second and third resistors each have a
resistance of about 0.47 ohms.

20 10.  The filter of claim 2, wherein the first resistor has a resistance of about 1
Megaohms.

11.  The filter of claim 10, wherein the ﬁrst and second capacitors each are X2-
type capacitors having a capacitance of about 22 nanofarads and the inductor has an

25 inductance of about 260 microhenry between each output terminal end and ground
potential.

12.  The filter of claim 11, wherein the power signals have a range of about 100-

240 VAC, 50-60 Hz, and the home network signals have a frequency of at least 1
30 MHz.
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14. ~ The filter of claim 13, wherein the power signals have a range of about 100-

240 VAC, 50-60Hz, and the home network signals have a frequency of at least 1
MHz.

10 15. A method of filtering home network signals from a customer-premises poWer
line, having a power supply line and a neutral line and configured for supplying
power signals, the method being characterised by:
passing the signals supplied by the customer-premises power line through a prdtection
circuit configured for limiting energy to a prescribed limit; filtering the power signals

15 having passed through the protection circuit through first and second series capacitors,
(C1, C2) configured for filtering the power signals on the power supply line and the
neutral line, respectively, and passing the home network signals; and shori-circuiting
any residual power signals having passed through the first and second series
capacitors and passing the home network signals.

20
16,  The method of claim 15, wherein the short-circuiting step includes:
connecting output ends of the first (50) and second (52) series capacitors to first
terminal ends of first and second windings, respectively, of a choke-type inductor,
(32) connecting second terminal ends of the first and second windings to ground, each
25 winding of the choke-type inductor having an inductance of about 260 microhenries,

17.  The method of claim 16, wherein the first and second series capacitors each

are X2-type capacitors having a capacitance of about 22 nanofarads.

30 18.  The method of claim 17, further comprising discharging the first and second

capacitors and the choke-type inductor using a resistor, connected across input ends of
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second. and third resistors (R1, R2) connected in series between the input terminal

ends of the first and second capacitors and the power supply line and the neutral line,
respectively, the second and third resistors generaiirig a bias current in the transil

10 diode circuit and limiting a power level across each said second and third resistors to
a prescribed threshold.

20.  The method of claim 19, wherein the power signals have a range of about 100-
240 VAC, 50-60 Hz, and the home network signals have a frequency of at least 1
15 MHz.
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