;ije3e JL(tw 002 Filter arrangenent applicable to ADSL
splatters Thgmmmmmmm ention relates to a filter arrangenent tlb3f0CTe002
_signal s transmtt@()glé%)etmeen a first filter port and a second filter port,
said arrangenent including filter neans adapted to filter predeterm ned
frequency comjﬂmmﬂmmulmmﬁ said signals, and associ ated cl anpi ng neans
adapted to i sm ssion of unwanted signals between said first
filter port and sRiggh-Second filter port. -Such a filter arrangenment is
generally known in the art and is used to isolate the first filter port

fromthe second filter pitpi araiithéfifitipblieabid f&/HOSL gieps OF appar at us
connected to these porfTs. € signals nay tor 1ns rovided by a
power supply or may Bbetprbendimaritiont redatesitgnalfifenoeralgntdre tbifilteersignals
arrangenment is then Eed to sEparﬁte different signals transr_ﬁjtted on a

t

same tel ecomgRP@AtachReMERB Diitst fiEERQEIIRD Adsscraf diller gshrsatdi§rroagement s

the case in & 'tparty.line' syste rq, two tel ephone; sets share a sane
transm ssi on 'Tﬁhﬁcgpéeﬂ”ge,r %%Gnnﬁe%%ﬁewgtﬂgrsoe(gggtarrgﬂepeffe%%erqcy c&ng%or}%ﬁ%,of

t el econmmugi cakjdogigAdls NarlbsolRife ERAEIR g asaky GIURBE Yo Phii HledhuMiitdidd 8Xi ng
(FDM. Afilter arrangenent is then neeged to filter the signals that an
appar atus, connectetsigoals tretéanstaid ifirstditteppptt,ambedd sécam filhe sonal s it
doesn't need. Anot heggi np rltant application of such a filter arrangenent
may be found in the tlier arisngerant & ggeFIBEkNPrREN(TRBSLT 08¢t Ehtd fas
well as in s A , |1
known, t hese){gl/(grtg?rl?geirp‘)'jrS %\ﬁﬁﬁéggﬁgﬁ%@g}rﬁuggﬁ%@cﬁ%gggb’ EM?%E%%&(EO@?%é
constituted kigvidesbaspipaadtut wosheddedad thede popREThantigas!s Wﬁgrfsb%smntéehse may
use these services without the need to wait for having a fiber connected to
its prem@esprovided byre postes sHBRl @i gy Be d¢le@¢réwww@glp|neﬁgmbimh@eby the

Tel h Seryi POTS . I t 1tt th t el i ti
25 | e a » S eraraeiendg Bun ot OB B Bl AP SRFP ke BuenE ot "
signal's, e.gsqieteREE/HMHMHicRdANRE-LIPHEAd Braitent a¥BErdih € WENEYhe case

tel ephone signals, intended for a |local telephone set. Such a splatter
obvi ousl y i neh adesiriy lineheystértvdreratwartglepbane sétsishgte passd irbbemissiensdingt i ng

in front of each m)der'p8 apd &\Iow—ga S .itilter is sitticg_%inlfront aof each
POTS interfaéed- ATANEFEAalT y o APt flGLeRRY: 30591 MR niglecpREMyRIRRion
filter arsangesmibiidieesshetidst hRe @Pécﬂ;érﬂb@iﬁﬁéﬁt %IfiBIVexiinﬁm(FDiM}g I\Pﬁiger

apparatus connected a | ocal port, e.g. e first filter port, from
t ransm ssi on driomgecEmhécthed reedieddopdter the signatshibas eoamebdriotuse copmeded snd

his duri ~.p,Ct 2002 - h i | / f

of the si des i MG rmatheRsne. ol doampneey i ericeogs ARGsadERaront
the i des %% ! : i isteacRete Aheleadensrian

spi kes on tgcali@nRloRAAN S RloNaMEnk 8P FAORSR irfMRPALh Reyleoloie] no

afilter arr enent Is for instance~describ arti "ADSE and
VADSL Splitt SubfeiiegiirenhDH) apiemy, Bemadr amnceystdmys deriGabkhertfram such as

publ i shed in JOURNAL SELECTED AREAS I N | NI CATI ONS, VOL. 13,
N 9, I%&EN@E&SELISF@E)ELp@QeéS HERArE s e TREMS: Riovde RineHEAR SPHies over
splitters for : mL.e 1 eyl gyl ft iaclu 8lifks are
preferably bgs@gﬁ(%wl%a%g‘s%% (f-cﬁaswedrtg& eancg?%'{déa@édlﬁhe%%?g&{s "that

t hey obvi at e wHeeelpowesepmnay iusé desessendsesanidheutshe aeedmd wtieldr fhantig @fibag i n
the event of power failure. Passive filters are also able to cope nore
easily with kapgected ¢mis sremisen Yiore My taerhang sienels of thesenalied Rlenegkbny
signaling an oyering. .Passi iliers ve..a linear behavior :
ety use | naUe Bre SriCE IRR gt SRR PR B i P p0 P 2Rl e oma
anplifiezs amdeld TsREHGY Qf hecs¥d6h fo kép@rite ARPMAACHeHBEES ADSLAesA) e.g.

rel atively easy because the Laplace-transforns and network technol ogy can
be used. Her éntagdéd fot her ADY mddsm offrdn tbeatowree fasqidrap| elaphonkesignals,
topi cs. However, this eas sign is o valid,if everything, rengins.
linear in al INEBAR (97 9%'&55? B¢ 3e” bV rbTies S sk Mities gt Braeno

| onger i near i A 1k m-g%hks; L& &tdovel ensiVe o5 lhks 20
need to be pr%@;%g?ﬁ'a{lg[g}e gélsrstejml%;a{get hey' do nodtaF ésa\glﬁur?qgtsé&’%ﬁgtf{e% Er obl em
relating to ABSL iappingat ifesrs 6f ebioh aROTEH ihfeafage e Ndditiagirall Stot ehibdrequency
transmtted fromthe POIS to the ADSL side, and vice versa. Transient
signal s I e ditetivgbhadies fieoaureagemeny needy fyBleamisoytor gy edsgtedoforispdating
battery or by _starting of e.[ingi i I he si f th

t el ecommuni cﬁt‘? o ek e asmécé%]peécrfl%, (gr %ﬁoﬁ&?’ oe?é'- t”ﬁeoofl'(rsgﬁ'glj%él goﬁt Zf?%né mﬁser)
side of the tRILRNANM IFRLconFRcRU BRE pRERINSIhE BecdRORMId o refdREths ddriddne
transient signals, |large and expensive high (e.g. 7'") order filters are
required as |low pass filters. Such transient and other over-current or
over-vol tage signals could, although not nentioned in the above known prior

o o o ”~ o o o o o o — o o o .



1n this way, the disturbances caused by transient or unwanted signals ar
progressively, and no | onger abruptly, annihilated by the clanpin§j Ws%ﬂ“z
10 Tests have proved that the worst transient signals are best attenuated
by cl anping neans acting on the current variation or on the voltage
variation of the signals rather than on the absolute val ue of these
paraneters. A conbined limtation on the current/ voltage variations is
also efficient. In nore detail, the preser‘&-i nvention is characterized in
that said filter 15 nmeans includes at | east one reactive device having a
first end conmesmeechargesandodegendufrentt onpont aintheasides aidhenatraugphed. t o
said first fhjhter port .via a main path of g(gid active devi Cf means whi ch
further has d SoMFolor 1R1ARGwaPe dori5PeRl of SPksr ®1F Nestgrmla wic thal dFedet b e
device. In this,wayy no power supply is required for the active device. 20
The present invention is further characterized in that said arrangenment is
a lowpass filter adapisaet dcfidingt filicglirfdrR@uentys RNMPABRES deahribetidnahs
transmtted between said apparatus and said transm ssion line, in that said
reactive 8eviccticle SARSLianduerdIL, SelitteriBesigraond detbpdory Yerfdevioes”i by & Cook
transistor. It can be, proved. that, | a DSL. signgldng, t

requi renent s e&)n 035 PHQH?heﬁt el s”&(ﬁcf j&["g{'\l@ut Iqrﬁe Wpeq[}&ﬁé); IN
conmponent s of, i iinjeasgythe Ni 4 4 ‘
mich T ess sever Y P RS Sy O SpR; PaPRCERRR Pl MR Le34 14 gle.
order filter Theyeinow rentised tmstsditteat fdrhaD8bpwednewiré geticAatly ahdefilters

filter for obtéigi ngt the same results. Mreover, the inductor used in the
present 2"d ordeded ithe@in.ngie meeteraply ebosashert wassiyerfilieros &fe omaimeegseror

30 art begau j i | te. owi.n he Limt current | t age
of the s?gnaﬁ%%}’forg '3 f@?ﬁ%&@%ﬂigﬁﬁeaﬁ%&%}c é&rVFes' "ertboa %&ﬁit f%%uﬁ% Jf))rn ﬁg%él’l
invention is f@mﬂdwq Ghaka el eftl gegolvar tHhiires ®atsivg filBGeaRNb|soSaBlel RWcHFSS
filter adapted to filter high frmemquenc conponents of signals transmtted
bet ween sai d M¢reseadilyl wigh Igraetsignms chotharoltede pred cargnh isbetand in delgphony
termnal to which said, apparat IS nnect ed, .and ai.d second fi|ter
por T ahi ch WEnang itk PEREEE Soia RRe e et il RaPr PeRGHPE RS dapamosty Bhe
transni ssi on jhdi@orst BAY dhRitdUblKitsM d@de! filRgs Ut 6pBRRIIRH. ahpliidiatakpi d
filter means conprises a first inductor and a second inductor as reactive
devi ce ahl t hasistoes. Buabtd lieewregpprarbamskentipr degiga relatiselyt eaayshercose dml a
second transistor, in that said first line termnal is nnected to the
Frret end of LCRFerToROTIEE GEMarkdeg i SReOR GR5e- ST daeby MRARIGE or
bei ng coupl eqof & 15&ictlrkidvallabie fhteléfé mf;n@é. _Hédvfev@h%maay RREIYNAE o hiidiif St

transistor, and the control term nal of sai Irst tranSistor being coupled

to said firsteverythio§ remicdhsflinest in adluobditionand proctidedioveaied, selschdt daturate

termnal is connecﬁed tq.the }L.rst end of Bai ds ﬁ@nd indugvt or, the second
end of said SERJRIITHRICIEA bENRJNEBTDIRY P uicaMlectsif™ebe arPeHRr f8I" vi a
the mainpdS pALR 18TheSHotide8 GO Rkd ERBSNSE REY dBbtLARGRNt ol term nal  of
sai d second transistor
Another problem relating to ADSL applications is to avoid transient
signals to be transmitted from the POTS to the ADSL side, and vice versa.
Transient signals are disturbances produced, e.g., by polarity reversal of the
battery or by starting of the ringing signal at the side of the
25 telecommunication exchange, and/ or by on-/ off- hook signals at the (user)
side of the telephone set. To protect against the negative effects of the transient
signals, large and expensive high (e.g. 7™) order filters are required as
low-pass filters. Such transient and other over-current or over-voltage signals
could, although not mentioned in the above known prior art, also be
30 absorbed by clamping means such as Zener diodes adapted to eliminate

voltage and/ or current spikes. However, a problem with these known clamping

means is that they operate in an abrupt way



.being coupled to said first end of said second inductor. In this way, the
arrangenment is adapted to limt either positive and negative spi kg GCTt 2802
transmitted signals, and it operates in a fully bi-directional way. 20

Anot her characterized feature of the present invention is that said active
device nmeans further conprise a third transistor and a fourth transistor,
that said first line termnal is connected to the first end of said first

i nductor via the main path of said third-t3ansistor, the control term nal
of said third transistor being coupled to said second end of said first
inductor, and that saindolseeastdhd ighgsed® idv@NbARA td BrEANETHRY o @ingBmeht bet
end of said second inductor via the main path of said fourth transistor,
the control the abpat¢ kobwsatyde fhotimthich rsandoptedr tobliangramigitetigads smiocdmeee ond
end of said second indugctor.. The present arrangenent then sho bal anced
charact er | stie?gc'%prvr@Eﬁ)%fewsosmﬁ&rdvé\ﬁ ERRARSH AT iSO hEPEYD. gD Thpgrior

pr esent inver& jon is further also characterized in that said first and
second line termnals are coupled via the series connected main paths of a
pair 0 8 OOT 2002 pzcéfdifd antHesioeatioh, 1y Ehietihie dzhnived! ddeefonihaalust e
connected to the first ends of said first and second inductors

respecti vel y saithdaowing meearisi inchudd dsjive evidel meensrednpteantd méivarassoeicht ed

cl anmpi ng nmeans are then derived through this pair of transistors so that
the present ﬂr?$%?r%'”53r%aaﬁgﬁﬁf oPé‘Fﬂa?ﬁﬁnqﬁFansparent for the device
connected thereto. Fuyy Ttm?'w_oﬁhﬁ{@eisﬁfrbéﬁéé‘s E&%&Hr&ﬁqﬁﬁsiéﬁ%mﬁ@@ﬂﬁedfﬁ A

arrangenent are nentioned in the appended cl ai ns. e above and ot he

obj ects and feeatpogeessifelyhend meehtrigen akirLptlygemorikilated ebyafheacientpiamdnddrs.
invention_ itself will be b(;s&1 understood by referring to the 10 foll ow ng
descripti8n desnhevdairredtihehikes warst drplsiert sonalt e renkedcetbemedior ney

{1 1er oarr anGRRId AreanspSe Tty BAGE, At b 28Rk 3 T R tidion

basi ¢ circui tofiReOkighald Irbfierathoaneaneid dH3blutbPlot 6 theg phrapidedlsi ;3
is a practical inplenentation LP' of the filter arrangenent LP of Fig. 2.
Al t hough not cbimfined liritalign parthecwreant/ veltapeofarigiops thelspigficentar r angenent
of the present invention is, partjcularly.applicable to,a.spl.atter f.gr..an 20
hsymmet ric b gital Sibereialihe brésel iARRE sBoldhucti?R Ahg s g

known, amns5 ADShed¥ssiheRides @ létish bRk Irasictbsd@mes HEVIng S fildblend\pPlected-to said S
adapted to transmt voice and higher frequency signals over a classical

copper twi st édegal filterepeghortk ol $asendirendicoepled tenshidffirshiiltermpert ety gamain

t I SSi | i TP jis | i ded | at h t t he high
(1 cquency ADBELPGRAFLSTPE Aerine TauT vBistchel S5 BoBERin ol de Tangpomied o
Servi ce POTS GRS fiNdPESE DT ShidNBh&iveldevider e detail, at the customer prem ses

side CP a splatter SP1 has a line port LIl that connects an end of the
transm ssion |ine TPlbdtihwop, @o power kiMiplgfis eequired|foAibSL actveetavisBSLcp and t o

a | ocal rt LA of user subscrj.ber sef, PQIS, 1Ll st t he central
o1 co sfle 00 anot haheGErsent Ereas’ lriner G BirEeE 12 T L GHAESEE T he
other end of ¢ he |39.4ds3NGIErSabeBtelll R filRr PRGA H8qBeRY LokorRhtsd of i
ADSL nodem A[')SLco arf%l Sto a Ioca’?t port LO2 OP a Pﬂblrﬁég S\(/)vi tching Sl '
Tel ecommuni catdremitNet \wehked?SThid Tppbhitss emnl soitk tspisatission SPel inntHatidesd a
hi gh-pass filter HP 1 that i_néerconngc,ts the,é)orts . ,
reactive device i1s an inductor, and in that said active device is a transistor.
It can be proved that, in case of ADSL signaling, the requirements on
25  the filter means to filter-out the high frequency components of the signals are, in
case the present arrangement is used, much less severe than those of the prior
art: a 2™ (or at most a 3) order filter may now be used instead of the above
mentioned 7" order filter for obtaining the same results. Moreover, the inductor
used in the present 2™ order filter may be smaller than that (or those) of the prior
30 art because it will saturate less owing to the limited current/ voltage of the

signals.



~~0CT?2002 -6 LIl and LM, and a |lowpass filter LP1l that interconneﬁﬁf
the ports LI1 and LOL. Simlarly, the splitter SP2 includes a hi Btﬂﬁskz
filter HP2 that interconnects the ports L12 and LM2, and a | ow pass filter
LP2 that interconnects the ports L12 and LO2. 5 The present invention
concerns an inproved version of the |ow pass filter LP1 or LP2, hereafter
nore generally called LP as shown at Fig. 2. This line filter arrangenent
LP is located between a first filter port. 40 and a second filter port LI,
whi ch respectively correspond to the above | ocal ports LOL / LO2 and line
ports LI1/ L12. The pyrposgre®drrddi€eiibodfhehf itBet @résepl alrvehfiont WO RIS
during 10 severe changes in voltage/ current at one of these sides. As wll
be expl ai ned dberaverizedi in thet doidearbyngamenti ingr dow goasrpltenathetedutor Bier high
variation dl/dt, where | is the current flow ng through the filter. .

ALt hough not [(REPREEAMRERENTS| Sl 4nele MRS THIRD PEIEPaTaR ot ks Rtk i ,
or limting t Y varilapi \/) i i.0 I
these par anetars st 878 5 BisehpR Hisihobid WElch R SPPRISRRL 08P oREieR bt
the |attep prsaid siopldifofel Ipod, edtctehéd 6ifast an@suddcond Tie tBhinalto ehhidhhgiid
filter LP has two line termnals Lla and LI b, whilst the port LO has two

| ocal ternm ndtesh@GsiemdineOthatTisea | dauble-evirdchaineLlis comn eict bt wwid filier st
end of an inductor or coil ;fl of which the second ggcg is cou leddto t he

| ocal term ndl®¥BaCYMREFea s ©EVESr @G S§-¢8”adP Pfis peEHIvEr deyigs pag
FET 20 transifbOloid bcidi8elicdeddidiabridd @ firdahdiis LR o Ldthdddh ol he
coil L1, is further also connecteci to the gate g or control term nal o? t he
transi stor Tln this seid firsk iosmerntihe iv abheeted wethd fist end bf bdidifesipndpaot,itbaal

to the variation dl/dt of the current I flow pg therethrough. This vol{age
appear s 10 gaeeQ Gf‘g@f\FSIC{ g@é' o heing CPHRIS rfarﬁﬂﬁ'bﬁ*?qcp'é%nmﬁhémf e
det er m nes . 2 esd st . i r. T . f: rain _d
and source \éméjﬁdé?%n%jr%‘%ﬁqqgﬁe%%%'%%éc%aﬁl %i %%@fag?%'{’ QF%‘(‘E%{% T'Eé%ﬁé’gs{ar
i nduced Vgs isitdiesepled 8o akshfisiBhl Ardid fisheedddier, ohdrnaithtpsaidleksndfing he

depletion type, the resistance of its nmain path, i.e. between d and s, is
smal | (about terndna) isssahneicteld techedirstrans of gmicdf sasand linductere the sasond epd Pt

can then just be seen, as; apn 30.inter-cgnnect.i,on and the filter operates as
S or el bl acSRLsPeTL Al Paihg cBpafeAr e F e BAg 5 rgrmicel RS M
port LI, 16 sasathidi@akléd@nl thadistdr, ianelr Bas@ntidl tédhifiaVel $A8 S eebivd §rRinkiStor
relatively fast, the Vgs w |l increase _raplé:l_rlhg'and the 0 3 OCT 2002

resi stance béairgnowblaado saig finst endof sdideecamd éndustarease of the main path

resi stance of the transjstor Tl has the effect ,of, decreasing the current I,
t her eby counteracti ngn tsrh'é Y4pi %‘ecﬂﬁﬂﬁ%emﬁn{ 5 ?ngPegsm F"‘i”se'ﬂ?%{t Pesitive and

feedback mechaniesie bpikks of iHETREhahd sigiuly adhdit Qerahes 6 O]l b derdEfil |
to a predeterm™ned value. 5 OMng to this control on the variation dl/dt,

the current Iway.ll however reach its sanme final value but much sl ower than
wi t hout e FET transjstor Tl. The, above described filter arrange t LP

i ncl udi nggt he i nduct (ﬁ'”‘ﬂli‘?ra_ﬁ crtcﬁt@r‘tz?grf§P§{r8rO{I'ih%é).trw_é‘& 'PYF'_é"“ﬂ”I ?Sel%go?‘i'é LI
and LO i s sufddicl falickOmbbfl fuferClPri& bl fitid ¥aRLAbE AR LIFLRR Raistor,
direction between these ports. However, in 10 order to limt current

vari ati ons i nhthsit vistdiimee tdrivimsl iardnhected dbhthpdssti i opesicdt finse irathattor via
negati ve spi kes of the signals.f]owing thfough the filter, the series.
connection offﬁa @%Ed?ﬂihcﬁfisp'ia“'%tﬂ%% Bhdg‘?rc&ﬁ‘é’i"éf‘?ﬁ“”l@,ﬁaﬁ%&ﬁ@é‘gTri“ﬁ‘s'éfoéane
way and respgcti My Qe rQyi t he
line term nale&ﬁlﬁ‘%gé%%lgph%ésﬁ@c% ob greir?lhrag%ﬁ #ﬁﬁ&gﬁgﬁﬁg?g&n@ 1?\%‘{]%&;3”5%%? e;ﬁH? o]
ensure tRg 15esyimaRlsrdbndkctedaoahs dngerenf.saidgecarid isdidonnia the raae pdtarof
magnetically coupled as shown in Fig. 2. The Fig. 3 shows a nore practical

i npl enent at i owid Purtf trohestor | thercoatrohtegenealt of fiid Agerth irenaisioy hevng weupled
conponents nenti Oo[Fsied agov% ifn r.(gl ation git,rh LP, the filter LP" includes a
third transi .sfPéP' G AHICH N SEE 'BEPHC50 connect s the line terninal
Lia to the first endgf Eh%eﬁp'cxlrrdnsgen%ql Reh 04 bhRIRESt Harktiedihiah
the main path connects the line termnal LIb to the first end of the coil
L2. The arrangepento te déviess doasetiat aineretb.characteristics with respect to

t he devices connected thereto and the negative effect of possible .
common- m8fe si gnal s dMe RIGS@Ntiianiieads t4lee chermciesred e thgerd fith oae

the filter, the e qr 25 control i hal s of _t .SLO I2..T3
and T4 are conteds aors TRs ol bo Rt L B ehle ok LB T A I R g
resistor R, R2, R3 and R4 respectively. In case of an ADSL system as shown
in Fig. 1, a 7" h order lowpass filter is generally needed to filter-out
the transients of the signals. It has however been proved that by limting
the variation dl/dt of the current | as by the present 30 arrangenent, the

a v o ~ o o o -



. $ local termnals LOa and LOb. A 2"d order filter should al so be
acceptable but then with less efficient results. The filter LP i 3r 0CT n002
prot ected agai nst over-current and over-voltage by neans of Zener di odes
Z1l, Z2, Z3 and Z4 connected between the gate and 5 the source el ectrodes of
the transistors Tl , T2, T3 and T4. Finally, a pair of series connected
transistors TS and T6 is provided between the local termnals LOa and LOb.
The gate or control terminal of TS is connécted to the gate of T1, whil st
the gate of T6 is connected to that of T2. Contrarily to the transistors T1
to T4, that abftramsstofs dfhvehideetdmroltypeinalsheekdnheataditstios SrsTendndf T6idar e
of the enhanced type. These transistors operate in a conplenentary way with
respect to t Herst pamspeanst edvatfororespectivelyot her wor ds, when the current flow

through the transistofs T1-T e current ,fl ow thro

transi stors T5-T6 mgﬁeea%wée 47? {fﬁa@e Eera{Ee?rPF O%W%nfjgsqc'qtig?éjnmw ik
-T4 are deri vedgh9wrs disenl dedfad MKy Hafhnst&ﬁr P hic@Rlst b %Hﬂhagflf%OEFéTehpﬂHérs
15 transparent for the devices connect ed to the present filter arrangenent.

Al t hough the cartno:v@erﬁestnenpinns)hohwarbeefmrnmjdevme honesped theretoa | ow pass

filter arrangenent, ss filte arrangfegv[afgt may gl so be designed on

the same principle, ‘&Pr?"e"ﬁf'ﬁ(ﬁ ER‘?W'P% pﬁ@senb@'féra@émwn tviel e

the principl €368 Lon&? H m\éed}asde?ﬂegac\l'oerﬂtgeen descri bed above in 20 connection
e

w th specific devices, It arly understood that this description

is made only by way ofheeeﬂam EnhBtherWbjasds an&ilféﬁtb?ésl&r}h@nmlel’nﬁoﬁ@ﬂl?fbe%mfehe
invention, as defined in the appended cl ai ns. CT 2002 g CLAIM 1.

Fi Lter ar r angeeeh opporent londrthe iioyraitiontitsal syil tbeé@bsbenvlerefpca:l by referririg tcethe
port (LO and secon fil aid ar angerrent i.ncl.udi n ter
means (L1720 L2 5%66' fioh 87 apea%%%?m 191U ey 0bsSRENt ot e
signals, 5 an@cmﬁxgegr(m ﬁgpwﬁgraﬁans (T1; T2) adapted to limt the
transm ssion of unwanted signals between said first filter port and said

second filter port, cfigr#hdt eniozediew of hatARBS sistdranmiludjngeafilter arcdngement

active device (T1 T2 dV adapted to limt variations ( dt , dt )
of predeterm@eﬁgz"éﬁﬁ'fdé?% Tﬁ!‘e yediosai d si gnals. 10 2. Filter

arrangement accor di ng; 02%'h§W§‘tPne Wgﬁ%ﬁ LEed r?nlf%P%?ra?%‘ ﬁw&?{tr@’ﬁgﬁ’. “51‘ s

aline filter arrange nt of which sai Irst f| ter port ocal
port conréct efigt b, andapparatus (POTS/ PSTN) and said second filter port

(LI') is aline port connected to a trapnsm ssion Ljne (TF 15 3. Filter

ar r angenment accordl ngfi80° d§ alprfPi“COéH?ﬂPE'&‘%“r teheny '—Fno‘?*rli‘&tﬁgélodrqriget”e?” trkEals

i ncl udes at ﬁg one reactive device (L1; L2) having a first end connected
to said second®filter port (LI) and a second end coupled to said first
filter port (LO via Altaigh paith liediteslaitd aclyi pairtieNacefigi@ans (3¢,; 1Fre?) fibdtri ch

further 20 has a control term nal coupled to said first d of Sf"
reactive devuerécngtemﬁm@éhea*emewaw'oadwemcr«f& YOGF?FHE:G eafond splitgidog an
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reactive device is an inductor (L1; L2), and
transmit voice and higher frequency signals over a classical copper twisted-pair
telephone line TP. At each end of the twisted-pair transmission line TP is provided
a splitter that separates the high frequency ADSL signals from the low frequency
25  Plain Old Telephone Service POTS (or voice) signals. In more detail, at the
customer premises side CP a splitter SP1 has a line port LI1 that connects an end
of the transmission line TP both to a port LM1 of a local ADSL modem ADSLcp
and to a local port LO1 of a user subscriber set POTS, whilst at the central office
side CO another splitter SP2 has a line port LI2 that connects the other end of the
30 transmission line TP both to a port LM2 of a central ADSL modem ADSlco and to
a local port LO?2 of a Public Switching Telecommunication Network PSTN. To this

end, the sphtter SP1 includes a high-pass filter HP1 that interconnects the ports



in that said active device is a transistor (T1;, T2). 5. Filter arrangenent
according to claim4, characterized in that said apparatus (POTS/[]ISS IQ)T 2802
_connected to a first (LOa) and a second (LOb) local 30 terminal of said

| ocal port (LO, 0 ~cCc~cCc T zooz -10 in that said transmssion line (TP)
is a double-wired |line connected to a first (Lla) and a second (LIb) line
termnal of said |ine port (LI), and in that said first line termnal (LIa)
is connected to the first end of said indéctor (L1 ), the second end of
sai d i nductor being coupled to said first local 5 termnal (LCa) via the

nmai n path of Lsabfd thaNsiret @lovw-Pas) filt@noP t fieatGafkéinetRriAk irtsafl 1 $aiddLO1 .
transi stor being coupled to said first end of said inductor. 6. Filter
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whi ch has a 'gst (LCa) and a second (LQh) local termnal to which said
apparatus (POTS/ PSTN) is connected, and said second filter port (LI),

which hassa first (Llbg prestndiseadsd ddddind anenipeevadnaérsion vhitedh|saipdss
transm ssion |ine, that is a double wired line, is connected, 15 in that
said filter fieme’ compP?skereaften mere graacaltyreolled WP asnehawrs et Gigl 2. Ak

L2 i devi h id i dewi i f.i
rans,ator - ( ies olfiegReBL b Brafd ReBRop ST Hies RiT 1S Proseond fler *
termnal (LIgahnig, Qﬂﬂ%}?%s‘?}@cﬁ\%l} BSrrEidstd 9 dhOTabaRk dofdir sbrid ML D2 (dek ) -

the second end of said first inductor being coupled to said first 20 | ocal
term nal (LOhpe \dcatst ié/ bid. Thpatdrpote sdithe ffiltestLPtis dnssatiter it{ To )sjdeandurire

control rmnal of said.first transistor being, coupled to said first end
of said ﬁe r sPeYeRBIFECHRES imdolRoehGirent @ oBE AldhErhedesr AF i gaeesyf%v%ef

connected to fii fr Sai iy : e nd. of
coid Second PR hish JSRE HIARNE GROBRMINGTHE Lol o ohPa AL Mik-ES
via the mai ntjatbrreft favhgstkesngh thafifest Athdub?) nondescribedclearier dmitirey thenal

of said second transistor being coupled to s%i d first end of said seﬁond
i nduct or. 7. aPpoluts valpe fideerentreatk erdimiingathe valtage vaeirtipa et #eavalincs hat

sai d combinations of all these parameters is also possible. However, practical tests
15  show that the latter provide slightly less efficient results.

The port LI of the filter LP has two line terminals Lla and Lib, whilst the
port LO has two local terminals LOa and LOb. The line terminal Lla is connected
to a first end of an inductor or coil L1 of which the second end is coupled to the
local terminal LOa via the source-to-drain s-d (or main) path of a first FET

20  transistor T1. The line terminal Lla, and thus the first end of the coil L1, is further
also connected to the gate g or control terminal of the transistor T1.

As well known, the voltage over the coil L1 is proportional to the
variation dl/dt of the current | flowing therethrough. This voltage appears as
gate-source voltage Vgs across the transistor T1 and thus determines what

25  resistance the transistor T1 shows between its drain d and source s.

Under normal operation conditions, dI/dt is small. The induced Vgs is
therefore also small and, since the transistor T1 is of the depletion type, the
resistance of its main path, i.e. between d and s, is small (about 3 Ohm) and will
not change significantly. The transistor T1 can then just be seen as an

30 inter-connection and the filter operates as a normal classical inductance filter.
If the voltage, e.g. at the filter port LI, rises, the current | will increase.

If this voltage change is relatively fast, the Vgs will increase rapidly and the



.30 first (LI) and said second (L2) inductors are magnetically coupl ed.

~0C ~ 200z 8 Filter arrangenent according to claim®6, character|z§%f 2 0
that said active device means further conprise a third transistor() gp
a fourth transistor (T4), in that said first line termnal (Lla) is
connected to the first end of said 5 first inductor (L1 ) via the main path
of said third transistor (T3), the control termnal of said third

transi stor being coupled to said second end- of said first inductor, and in
that said second line termnal (LIb) is connected to the first end of said
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T4 of which the main path connects the line terminal LIb to the first end of the
coil L2. The arrangement LP’ then has balanced characteristics with respect to the
devices connected thereto and the negative effect of possible common-mode
signals are so eliminated.To better control the operation of the filter, the gate or

25  control terminals of the transistors T1, T2, T3 and T4 are connected to the
opposite end of their associated coil via a resistor R1, R2, R3 and R4 respectively.

In case of an ADSL system as shown in Fig. 1, a 7™ order low-pass

filter is generally needed to filter-out the transients of the signals. It has however

been proved that by limiting the variation dl/dt of the current | as by the present

30 arrangement, the filter may be reduced to a 3 order filter while providing the
same results. Such a 3 order filter is obtained by inserting a capacitor C1

between the line terminals Lla and Lib and a second capacitor C2 between the
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by means of Zener diodes Z1, Z2, Z3 and Z4 connected between the gate and

5  the source electrodes of the transistors T1, T2, T3 and T4.

Finally, a pair of series connected transistors T5 and Té is provided
between the local terminals LOa and LOb. The gate or control terminal of T5 is
connected to the gate of T1, whilst the gate of Té is connected to that of T2,
Contrarily to the transistors T1 to T4, that all are of the depletion type, the

10 transistors T5 and T6 are of the enhanced type. These transistors operate in a
complementary way with respect to the transistors T1 to T4. In other words, when
the current flow through the transistors T1-T4 decreases, the current flow through
the transistors T5-Té increases. It can be seen as the currents limited by T1-T4
are derived towards T5-Té, and that the current clamping operation is

15  transparent for the devices connected to the present filter arrangement.

Although the above description has been made with respect to a
low-pass filter arrangement, a high-pass filter arrangement may also be
designed on the same principle, mainly by replacing the inductors by capacitors.

While the principles of the invention have been described above in

20  connection with specific devices, it is to be clearly understood that this description

is made only by way of example and not as a limitation on the scope of the

invention, as defined in the appended claims.
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adapted to limit variations (a?, & ——) of predetermined parameters (I; V) of said

signals.
10
2. Filter arrangement according to claim 1, characterized in that said
arrangement is a line filter arrangement of which said first filter port (LO) is a
local port connected to an apparatus (POTS/ PSTN) and said second filter port
(L) is a line port connected to a transmission line (TP).
15
3. Filter arrangement according to claim 1, characterized in that said
filter means includes at least one reactive device (L1; L2) having a first end
connected to said second filter port (LI) and a second end coupled to said first
filter port (LO) via a main path of said active device means (T1; T2) which further

20  has a control terminal coupled to said first end of said reactive device.

4. Filter arrangement according to the claims 2 and 3, characterized
in that said arrangement is a low-pass filter adapted to filter high frequency
components of signals transmitted between said apparatus (POTS/ PSTN) and

25  said transmission line (TP), in that said reactive device is an inductor (L1; L2), and

in that said active device is a transistor (T1; T2).

5. Filter arrangement according to claim 4, characterized in that said
apparatus (POTS/ PSTN) is connected to a first (LOa) and a second (LOb) local
30  terminal of said local port (LO),
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:ﬁgégg 8 ) \glﬂémxg(éEh%%%&éﬁﬁ%g%@gg#r%?@@%dg) is connected to the first end of said
inductor (L1), the second end of said inductor being coupled to said first local
5 terminal (LOa) via the main path of said transistor (T1), and the control terminal

of said transistor being coupled to said first end of said inductor.

é. Filter arrangement according to the claims 2 and 3, characterized
in that said arrangement is a low-pass filter adapted to filter high frequency

10 components of signals transmitted between said first filter port (LO), which has a
first (LOa) and a second (LOb) local terminal to which said apparatus
(POTS/ PSTN) is connected, and said second filter port (LI), which has a first (Lla)
and a second (LIb) line terminal to which said transmission line, that is a double-
wired line, is connected,

15 in that said filter means comprises a first inductor (L1) and a second
inductor (L2) as reactive device and that said active device means comprise a first
transistor (T1) and a second transistor (T2),

in that said first line terminal (Lla) is connected to the first end of said
first inductor (L1), the second end of said first inductor being coupled to said first

20  local terminal (LOa) via the main path of said first transistor (T1), and the control
terminal of said first transistor being coupled to said first end of said first
inductor, and

in that said second line terminal (LIb) is connected to the first end of
said second inductor (L2), the second end of said second inductor being coupled

25  to said second local terminal (LOb) via the main path of said second transistor
(T2), and the control terminal of said second transistor being coupled to said first

end of said second inductor.

7. Filter arrangement according to claim 4, characterized in that said

30 first (L1) and said second (L2} inductors are magnetically coupled.
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5 first inductor (L1) via the main path of said third transistor (T3), the control
terminal of said third transistor being coupled to said second end of said first
inductor, and
in that said second line terminal (LIb) is connected to the first end of
said second inductor (L2) via the main path of said fourth transistor (T4), the
10 control terminal of said fourth transistor being coupled to said second end of

said second inductor.

9. Filter arrangement according to claim 6, characterized in that said
first (LOa) and second (LOb) line terminals are coupled via the series connected
15  main paths of a pair of transistors (T5, T6) of which the control terminals are

connected to the first ends of said first (L1) and second (L2) inductors respectively.

10. Filter arrangement according to claim 6, characterized in that said
clamping means further include over-voltage protection means (Z1; Z2) coupled

20 across said first (L1) and second (L2) inductors respectively.

11. Filter according to claim 2, characterized in that the signals
transmitted on said transmission line (TP) are of an Asymmetric Digital Subscriber
Line (ADSL) type.
25
12. Filter according to claim 6, characterized in that said first (LOa)
and said second (LOb) local terminals are shunted by a first capacitor (C1), and
in that said first (Lla) and said second (Lib) line terminals are shunted by a

second capacitor (C2).



