-Fi | ter & rangenment applicable to ADSL splitters The -prgmg_i Qmp@a
rela;esto.afilter arrangenment to filter signals trangm{fe n {
#irst filter port and a second filter port, said arrangenent including
filter means adapted to filter predeterm ned frequency conponents of 5
said signals, and associ ated cl anpi ng neans adapted to limt the R
transm ssion of unwanted signals between said first filter port and said. -
second filter port. Such a filter arrangement is generally known ip the art
and is used to isolate the first filter port fromthe second filtgr port,
and thereby the circuitEltegauircagement ipplicablectmADSldspbittenese ports.
The signals may for ipstance be 10. provided by, a power supply qr may be

t el econmmuni cati on si gh2% STEWEE &BEniRR 'Tel?‘?*ﬁ%rtoé’r}{‘ﬁﬁbéffﬁﬁﬂeﬂbenﬂ He g sionas
separate diff IO r.a@s I icati l.i.ne but
I ntended to dﬁp %&gr%td app%?rsattaﬁg'%p}a{&éﬁegoﬁrshﬁé%gégifﬁf%g%rsﬁgﬁ/} P?nggersnﬂ‘?em

where two tel hwlieg Fitks niddmk adbigied o tRA Predeb@Rined Peqarty EMRBEEHRE of 0
the second filter port. Al so many teleconmmunication 1 5 nodul ati on

schemes usk Fseiduegnas,Rind aisoniakd clopiping mearskmigptedito firit e teansamseomr of
I's then needed to fi]ter the signals_.th an appayat.ys, co cted to the
first filter HBY"F,”I%ﬁ’le%QI%GI? Bﬁmqe%e”ﬁéfﬁilz@er pert e Sﬁ%‘ﬁdyﬂﬁﬁo?%r

i mportant application -l I heyfo '

roymmet i D1 gl tal Subady ier Bridoopfiad! ¢ BIERP IR PP Bl 1B8d 1o

derived ther efsotute sthe Hfiraisfilfdr potlFebm MWeDScorkl filteBoME ldndkiHareby L R cuits,
systens provide broadband services over a transm ssion |line constituted by

a cl assical ' Gf¥iseear gRPErAPs conpestedite dhesenpertsblheaasignels may fas ensttrcsebe
servi ces it hout .thg need to wait, for hav![)ng 2 fiber .cqnnec.t ed to itg
prem ses. ' & nPEOYHRT CXI T BREFE SUPENPS MY PR delgeeRgIynich oL FianelsdvheieRy HBRe
Service (POTSfiltaf @r@ing@nienfis ihdd &Re@Md! Bspdrare dﬁffér@ﬁpgg'r\@dscﬂ%h%iﬂ%@ on a
line, a "splitter” is necessary to separate the high fréquency ADSL

signal s, e.g. samegrbedmirrnicationlBie botietendedomm differdnbwepafatesuenitys the case
t el ephone signals, intended for a |ocal f?ghephone et. Such a splitter,,
obvi ousl y i nciife®&Y/'inge systerperhese wade PPeAeﬁisg‘ﬁf?)8§§W? fregsmissios ling,ng
in front of e n 0 feil b ef LS giLti I, Ny .
POTS interf ac%?&A;%?’? %ﬁgl Iqi/aﬁoe t e??ﬁ?r eﬁglﬁpenégh?,oﬂégf irﬁgr@ﬁ tneé]%&%@ghcﬁggn
filter art@ngensdilatieedscHeridsheassealFseqiendye Cidigidne Mikipldxid) afFDM).t e filter

apparatus connected a | ocal port, e.g. the first filter port, from the
transni ssion [Grigngestandds hengeded tedilter the gignakethss conappeiates, geonectedrid
this during e gest filter port, needs from the signals it doesn’t need. Another important
application of such a filter arrangement may be found in the Asymmetric Digital
Subscriber Line (ADSL) systems, as well as in systems derived therefrom such as
20 HDSL, YADSL, etc. As well known, these systems provide broadband services over
a transmission line constituted by a classical twisted bcir of copper wires,
whereby a user may use these services without the need to wait for having a fiber
‘connected to its premises. Since the telephone signals of the so-called Plain Old
Telephone Service (POTS) are also transmitted on the same telecommunication
25 line, a “splitter” is necessary to separate the high frequency ADSL signals, e.g.
intended for an ADSL modem, from the lower frequency telephone signals,
intended for a local telephone set. Such a splitter obviously includes a line filter
arrangement. A high-pass filter is sitting in front of each modem, and a low-pass
filter is sitting in front of each POTS interface. Additionally to this frequency
30 filtering, the line filter arrangement needs further also to be adapted for isolating

05 JUN 1999 the apparatus connected a local port, e.g. the first filter port, from the
9 g @ 2 transmission line connected a line port, e.g. the second filter port, and this during

840-9



-2- sev&e changés in voltage/ current fromone of the sides of the
arrangement . This may for instance be the case of spikes on the signals and
tthat have to be elimnated. A splitter including a filter arrangenent is
for instance described in the 5 article "ADSL and VADSL Splitter Design
and Tel ephony Performance” by J. Cook et al, published in the | EEE JOURNAL
ON SELECTED AREAS | N COMMUNI CATI ONS, VOL. 33, NO 9, DECEMBER 1995, pages
1634 to 1642. Therein is mentioned that splitters for ADSL, and nore

part e arly L Kbt LSS RIS oo PiE LS00 BB Shoginah

filters. The main reas ore |

provi sion isslieis aay feNkdfchce WY Hauegsd Hf‘@bi‘k@@'o'}‘\gfh'e%% Fmd?fhd?/%"‘ﬁrbe
failure. Passive filters are also able to cope nore e fyvvl | ar ge

si gnal s, bot helmincded and current, inherent in tel ephony si gnal i ng and
powering. Passive fil have | n?& behavi or as they nostly use
i nductors and capaci t %\‘HPF§ ingc@fiter priangesnant és E@pemﬁ@n@mdescatbpdumfbes

and 15 resis P I r rel atj vely Sy
because t?e ng{cgeceﬁtysgﬁs (yrAr?smas E'%‘%et \M%ﬁ(n ¢ %ﬁﬁ&P@@Qy ?nggffgoﬂgeedby Ilieq:‘éak

again, there és all opulsifshedt ahathee PEE | aOURNAL t Ree $QBCEED Hw@w ' IN

this easy desi is only valid if everything remains linear in al

condi ti ons. Q%NAWN&A'H@M&QLCI)BJ »Q H%,tDEﬁEM%Re] WE ;mgésoh@iéat to ilGdar .

Thi s means th coils 20 need to be

i and .t hus rel atj.vel Y
provided to t %feﬁgﬂse r‘??{'ﬁpnﬁaeﬂfl“’&éphﬁ?rs)s/&rugﬁgi GRHO‘B'I%? prrraEviany ribedilteny
to ADSL appl i 0 i.an 0 rapsnmitted from
e Do PR | RIS thish? QUObiLidy lodt ol Bkt MBed 308 e bieh

di st ur bandes fiecefoceds theatghey Yoviesd ahé tgbv&é?v@ﬁ&%iorpfssbéﬁi‘ dpat ERdure @ntiRYed
starting of %he ringjin Si gnal at the side of the 25

t el ecomuni catynsHoBKShEn G evamd/ofopower (ﬁ@ilweoﬁlssl‘{'ﬂ)(ﬁke@ gmlaisoatlbteh@ toser )

side of the tg] To protect ai t t he ve,effects t he
transi ent si gneﬂg hﬁ# g‘gﬁqalr?c'i %)pfﬁé‘ﬁiﬁ \}%oa*ﬁ g‘ﬂ .gnd f[" i ingp 'f‘l*P@BPQ”ér e
required as | signphsg ohd'ﬁcﬁﬁérmgs%gs&é @iﬁéiseW&veananEPBEhﬁ\gSF cg%é)ﬁmosﬂy use

over-vol tage signals could, although not nentioned Iint above known” pri1 or
art, also be UCf%bsQﬂd)e“dlpbylfm‘sarv&lisg autize sfiltars husas ogerio ndil oﬂap!lﬁé}ap&ﬁw

to elini evol ad/ r _current ver problemw th these
Kknown cl 2%. ne fﬁ% s P @, ec(rrﬁggpreﬁgﬁ gﬁ?%ﬂ'@n gﬂgﬁg@%@y easy because the
S Lc,plc:ce-trcnsforms and network technology can be used. Here again, there is a
lot of literature available on these topics. However, this easy design is only valid. if
everything remains linear in all conditions. In practice however, coils that saturate
are no longer linear. This means that big, and thus relatively expensive, coils
20 need to be provided to fake care that they do not saturate.

- 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.



-3- An -object of the present invention is to provide a filter arrangenent
of the above known type but which is adapted to filter transient signals in
a nmore efficient way while being sinpler and cheaper than the one known
fromthe prior art. 5 According to the invention, this object is
achieved due to the fact that said clanping nmeans include active device
nmeans adapted to limt variations of prede?grnined paraneters of said
signals. In this way, the disturbances caused by transient or unwanted
siqgnal s are progressively,. an? no | onger abruptly, annjhilated by the
clanpi ng means. 10 ABgibiedi o the pessent rgptiomds (Ropsrider ailiee AIrasg§mant obr e

best attenuat i ns. i CML vari.at i gn:or he
vol tage vari aﬁ-ﬁe O(EM?)\?4 ? ﬁ%\lg%Fgfswgfchegg?%%égﬁotﬂ%rzlgjtsng ez'}’r eS?é/Aaqq_ﬂler?gf 9{[6 krléese
parameters. AefiRiE WRY Whild béthy QimPlRr bRE cHEJRAHarY el e kN@VhFdrANBe bfior
also efficient. In nore detail,; the present invention is characterized in

that said filtet 15 means i ncludes at | east one reactive device having a
first end connected tq said second filter port and a second, end coupled to
said first3filter por A\CERTIng ioathe ipyeMIQs, 1B QIG5 ASh eeR Ve ioale TRt &W*

further has asganubAlois LAY na8uRl.etd acdRbdobhiebagBladl ARl eashl vg

device. In this way s required for active

The present i pydete@ninkd poddmbRirs ghgfiacgt%{d[g,ed in that said arrangenent is
a -lowpass filter adapted to filter high frequency conponents of signals

transnitted between sén thiapoear Heudistunblosedsdcausad S ensient pmenwiantedhaignelai d
reactive device is an i.nductor, and in that  said.acti device is a

{ransi stor. | O SROBESHITNCaN 19 ONGRT SEEAPE. AEROIPE by TeySlapiping means.
requir emefys qBsZohavd ifiobbd ifibt TREFolP tHihdighr Alindidrl BBsif BAGHEARY by
conponents of the signals are, In case the present® arrangenent Is used,
much | ess sevelempirannidwrseading be thei auirrant vaeiafind droonahemadtage 8gaatibh

order filter y now be used inét ead of the above mentigned 7[err] order
filter for obtodifengorms satherridsn o8, *%ﬂéwiwfa Yawe pldbese Rwemetarshd

present 2 er gty T T4, 8 P ah e g B o
vol tage of the In more detail, the present invention is characterized in that said filter
15 means includes at least one reactive device having a first end connected to said
second filter port and a second end coupled to said first filier port via a main
path of said active device means which further has a control terminal coupled to
said first end of said reactive device.
In this way, no power supply is required for the active device.

20 . The present invention is further characterized in that said arrangement
is a -low-pass filter adapted to filter high frequency components of signals
transmitted between said apparatus ohd said transmission line, in that said
reactive device is 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: @ 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.



si gnal s. -4- In a _preferred enbodinent, the present invention is
further characterized in that said arrangenent is a | owpass filter adapted
to filter high frequency conponents of signals transmitted between said
first filter port, which has a first and a second |local termnal to which
said apparatus is connected, and 5 said second filter port, which has a
first and a second line termnal to which said transmssion line, that is a
double-wired line, is connected, in that s4id filter means conprises a
first inductor and a second i{nduct or as reactive device and that saigl
active device neans cBhpfi Sselgredr amMbediRend; othanareserlecEMBNtPANS stwtheri n
that said fir Lpe. L ermgmnal | . ed.tao the fir e sai ISt
i nduct or, theéﬁ%JcC%Z'éégﬁ@nﬂg% .o ag'gc{?%%ﬁ efngt'g ionf?l‘fé'PSFs ﬁfé fn‘gg%@f&& @dﬂ{% H;@ﬂd

first local tgegiédly MpbRentsRf Bigilidirahseiddl befwdent Jid Sirgttfiifer FoHl Wilieh
control termnal of said first transistor being coupled to said first end

of said firsthanddostoand arsdcomd tdral tesaiinalstecenidh shitbappumituvsals domnectedeated
to the first end of said second, i nductor, the second,end of said second .
nductor boi el (ﬁ?ﬁ%g ﬁf*sr gartdw @ dicet| anch prieRand ing 1eimingh i which sidt h
of said secon | St . Q). ter-nl nal ' e d...q ¢

t ransi st or beﬂﬁé&@%ip‘)}ﬁegﬁ?bﬁ%ﬁi'%rl}eicir%g)pﬁééﬁjge@f Lﬁ%’i 5@5:%% dlj’n%‘u@?%rsmﬁnﬁl_{eﬁi S

way, the arrapgRieidorhgridaptied ih@udtbfahdeh tsResnd asd ddive ad teatiR@adéNE and
spi kes of the transmtted signals, and it operates in a fully bidirectional

way. 20 that said aglimendevicsh enesios eomisef @ dirsirieansisterheng resenand Meesistoon
I's that said ac}iye device neans further copprise.a third transistor and a
fourth transi 5t 1ot SekCisCipalerting! 3 foiahacathionine et eohRbas I mabneREcr e
end of sald fLbaind BAICH Shidhid: IMIBRR HIRALBUBIedTR! dhid st fodd| 305hRkPlia e
control termnal of said third transistor® beirhg coupled to said second end

of said first maidysithrof saindl firdratarstat, aedoihe tddteol 2brminbebfiisaid firs transistor
connected to &Jh_e first gnd of said second inductor via the main path of
sai d fourth t PEHE Gunled tosaihiinst end oz saichirst indudierd anguntthat painssespad line

e 10 ouP o iR | AR R AL PERRRS BT Bl e BoERET e e
connect ed t hesgidosecond inductor being coupled to said second local terminal via the main

15  path of said second transistor, and the control terminal of said second transistor
being coupled to said first end of said second inductor.

In this way, the arrangement is adapted to limit either positive and
negative spikes of the transmitted signals, and it operates in a fully bi-directional
way.

20 ) Another characterized feature of the present invention is that said
active ;levice means further comprise a third transistor and a fourth transistor,
that said first line terminal is connected to the first end of said first inductor via
the main path of said third transistor, the control terminal of said third transistor
being coupled to said second end of said first inductor, and that said second line

25 terminal is connected to the first end of said second inductor via the main path of
said fourth transistor, the control terminal of said fourth transistor being coupled
to said second end of said second inductor. |

The present crrangemlen’r then shows balanced characteristics with
respect to the devices connected thereto.

30 | " The present invention is further also characterized in that said first and

second line terminals are coupled via the series connected main paths of a pair



o

30 ... The present invention is further also characterized in that
said.first and second line termnals are coupled via the series connected
‘mai n paths of a pair -5- of transistors of which the control termnals
are connected to the first ends of said first and second inductors
respectively. The currents limted by the filter nmeans and their associ ated
cl anpi ng neans are then derived through th%§ pair of transistors so that
the present filter 5 arrangenment renmai ns“transparent for the device

T angenent | aPLTRBEPEHEG N IRE CAperBEa N AP Coretesh i Beaiy et soid
obj ects and fgﬁ?g\r?mglssleg%%a E.gjs%cgb\fgpégﬁgﬁyg)l,_l becone nore apparent and the

i nvention itse understood by referring to the 10 fol |l owi ng

description of an eflhedurrents linsikthby ithe €RB) Haehs &vd thelitudsbeiatst dapgyivg ng
drawi ngs wherein: Fig. 1 is an overview of an ADSL systemincluding a
filter arrangemans aRlthenrierived dhetiugh this poir ohivensistors, sathat thespresentthilter

basic circuit LP of a filt t LP1, LP2 of 15  Fig. 1, and Fig.
315 a pr et CERORPIASERT A GroreRar Y For Berde icE R ERRGEREIRO LR of Fig. 2.

Al though not limted ﬁceﬁﬂ@rycﬁéfau&g}i@rffai&w o?ffhg%?pesérnemé# bftngefRAs et
of the present invention Is particularly applicabl'e to a splitter for an 20
Asymretri c Di ghdritionBdlischié bppendatbclaASL” system as shown in Fig. 1. As
known, an ADSL system_- or a simlar sg_stem such as HDSL,  VADSL, - is

adapted to transmt vdhe&bene ondgiber ebiegtscand festurrsof the nwention a6l begome

copper twi sted:pair telephong |ine TP. .Al e nd of ;the tw sted-pair
transm ssi on ?’i‘%% qusﬁﬁ?%‘é/ e‘(ﬁwgmé?)rl‘ f*f?lg}"ﬂf H%?’egte‘b%qe_é%@?dmereg?réﬁg fo the
f requency] @DSkoikdvlRg! ekédm ot Oyh T eRIIRINIGENEStakeR! 8h N cBhflinkRERPRRIRE the
Service POIS (or vorce) signals. In nore detail, at the custonmer prem ses
side CP a spl iactemp8Rfingabawingsnehereirt: LI 1 t hat connects an end of the

transm ssion line TP t&ot fo a port L of | ocal ADSL,.modem ADSLcp and to
a local port LOL of a'ifser STV IHEL OlseR A\%FS‘,YS"\%H uding arfilter grpgngement

office LP1, LP2 according to the invention,
Fig. 2 shows the basic circuit LP of a filter arrangement LP1, LP2 of
15  Fig. 1, and
- Fig. 3 is a practical implementation LP* of the filter crfcngemenf LP of
~ Fig. 2.
lAlthough not limited to any particular field of use, the filter
arrangement of the present invention is particularly applicable to a splitter for an
20  Asymmetric Digital Subscriber Line "ADSL" system as shown in Fig. 1. As known,
an ADSL system - or a similar system such as HDSL, VADSL, ... - is adapted to
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 LIT 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? of a Public Switching Telecommunication Network PSTN. To this
end, the splitter SP1 includes a high-pass filter HP1 that interconnects the ports



side CO another splitter SP2 has a line port L12 that connects the ot her
end of the 30 transmssion line TP both to a port LM2 of a central ADSL
«nmodem ADSLco and to a local port LO2 of a Public Sw tching
Tel econmmuni cati on Network PSTN. To this end, the splitter SP] includes a - =
hi gh-pass filter HP1 that interconnects the ports -6- LI1 and LML, and a
| ow-pass filter LP1l that interconnects the ports LI1 and LOL. Simlarly,
the splitter SP2 includes a high-pass fi |1®r HP2 that interconnects the
ports L12 and LM, and a |owpass filter LP2 that interconnects the ports
L12 and L02. Wl and LM1, and aTlpe-pesssfdier LiPdvibat indercooneds the aars bt 60dd-O1.

version of t l.ow pass filter LPl or LP2, hereaf.ter eneral | al,l ed
LP as shown at™ipgY: g‘.e st ﬁ”ﬁe'“FMdFérO i\"i’}é’r‘?ﬁéﬁé’hﬁ f@lr gwcﬁolgge[rgcan%eé:f a
first filterpq.gi ' - BNl tdyel
correspond to t Steugb%o@;g}/\gbgﬁagﬂﬁ%%%ﬂ'ltﬁgg%%tI'Pi{\{%lg"a&g;e? %prﬁlﬁﬁd{'ﬁl%Z O‘Pﬁe
purpose of thHeO®jlter LPis to isolate its two sides during 10 severe

changes in voltage/ current at_one_ of these sides. As will be expl ai ned
bel ow, thPs is done bihe Praseninigvenrtien saprergstam inpraved: versionael B¢ pw-aess

wh I ist t i th h the,fil Al th h t i bed
horec 1im ti T e i St anate orieraly calied 17 S sHabl of Blp-hd Mt fisage
variation dV/ m¥er%?raﬁém&§ PoEEAREH Yriwebn A first hﬁéreptPﬁrL@%rﬁ{ 8 §e§o§<ﬂ $iRer

possi bl e. However, practical tests 15 show that the latter provid
slightly | esspeffliciwbith respedtively ddreespaind tdl thed abhee floddleportd LRXK tQB dndhe

termnals Lla.,and LlIb, whilst the port LO has | ocal, termnals, L and
Lob. The I i ndineparindi 14t The aymnesa e&%*_e%?' 3t LP 3t teepiate. B WA RASRUrghO

coil L1 gfy whj opd 5., | gd ogcal..t arnj ma '

t he sour?eo-tog-e%rgg% Eﬁgﬁ@&s( Q‘r vﬁla?c?%%/ cﬁ’gtper%o %}'?ioﬁgﬁ e%—EE%ﬁfa' ﬁ\stmrv @nts)??t%‘rc\{&]%
The |ine ternb&laly, ihig.is 868 bpuinitilg dri di@inpaigl e clléntoririatidn di/dt, fwtidrBaris
al so connected to the gate g or control termnal of the transistor T1l. As

wel | known, tihe wwrentdloviugrthtaughctiia filtar. iAthaughonel desaribed hers, Jianitiag itom
ot of the eureal d LLVh 00, herelinousn, 1Ly vel Uane ABOSPER 3.
25 resi st angSmbhfitiche H A Mest loddpSeRELVGED pdsSiblE. aHBwEYE!) hréefiddl Gedts
Under nornal operation conditions, dl/dt is smal'l. The induced Vgs is

15 show that the latter provide slightly less efficient results.

The port LI of the filter LP has two line terminals Lla and Uib, 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 c.o;nected 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 di/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

e 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



therefore also small and, since the transistor Tl is of the depletion type,
the resistance of its main path, i.e. between d and s, is snmall (about 3
*Chm) and will not change significantly. The transistor Tl can then just be
seen as an 30 i nter-connection and the filter operates as a nornal

cl assical inductance filter. If the voltage, e.g. at the filter port L1,
rises, the current | wll increase. If thi§ vol tage change is relatively
fast, the Vgs will increase rapidly and the’ -7- resistance between d and
s will also rise. This increase of th in path resistance_ of the.

transi stor Tfeﬂsajgnf?\eg%ff“ﬁéet o?”@-e%r“éﬁsgﬁa 'R Shfsr girease Qfiethgpynain path
counteracting,.t: | |.Nrql r ' t,pLs. f a
mechani sm | i %e%lggP%@éﬁgggﬁ&g%#énvap?gw %r?@%f*l/ é{ H%r‘é?ﬂéggﬂlﬂc&f&?qi %iééeby

predet er m nectovateibctiry thédrgld dhangBiia ICTRBIRLUION fH® tigfbadb@tk FHecHEmisihe
current I will however reach its same final value but much slower than

wi t hout the Rty iramediately tihe vatibtioatstiidi ofether tureentfli fot @ rpradetenyerashralue.

i ncl udi ng .t he~i nductqr. L1 the t i stor . T1 bet the filt ts L1
U et Qs o 18, R 8 TobeL vl LAE LI Ler Dot
direction betyeRnshERSALEBUI fruchNRY: rﬂaahr\‘/viﬁ%u‘r 1oL F'ET trbRsistoffith . cur r ent

variations in the two directions and for bo possi bl e positive and

negative spi kes of theheshboad defdribadniiltdrhaaupleineat LP lihdudinghthes gidwesor L1
connection of a second coil_L2 and second transistor T2, arranged in a sane
way and respend the yrassistarall betweerathe filter pedsid! tamdobOpisosuftieanbita igdinor he
i ne term nal lle and t,‘he lqcal .z e‘f.lm nal LGJF Pr. e erabh{, and ig_lorder to
ensure the 15°9MERHEETYYYIaNORS Gy 5@5@%? iqrh Peesns Mese ™S 21QYE & hih
magneti calg y &Adp!Bdliad eDQBR Variftichs fn tRBCWE HiredtiShO Whd2 ISP B RT GEkibt!

I npl ementation LP of the filter arrangenent LP. Additionally to the
conponent s nepesitivecdnd begative spieatafoheviigmals Flowihg thiduglr thePfiltemdhedeses
third transistor T3 of .which éhe_ngin athéo con ts the |ine term nal
Lia to the fi5neshion of o seeordicpil L2 anghspconadiansister hiqreanaedry 8isoms waY

the main pat hcﬁ%%ﬁf{cﬁyélpﬁséﬁhﬁle 1d ?_rlnjzlqéllﬂl‘,l peéc?s tJ'%ef érirogfsde\%n?ﬁmeeﬁwh%ecm\é

L2. The arrange as bal anced ‘characterrs respect to
the devices clennanilddb i) fieoloasdterithdlad@bi Peefefdie taref irpesdéiceensure the

ChaTTl T3 Chenmatne abfhs arrangament, ihe coils L1 and L3 are fhen magneically Soupled
as shown in Fig. 2. |

The Fig. 3 shows a more practical implementation LP’ of the filter

arrangement LP. Additionally to the components mentioned above in relation

with LP, the filter LP’ includes a l'rhird transistor T3 of which the main path

20  connects the line terminal Lia to fhé first end of the coil L1, and a fourth transistor

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 redﬁced to a 3" order filter while providing the

same results. Such a 3™ order filter is obtained by inserting o capacitor C1

between the line terminals Lla and Lib and a second capacitor C2 between the



25 control termnals .of the transistors T1, T2, T3 and T4 are connected
to the opposite end of their associated coil via a resistor Rl, R2, R3 and
R4 respectively. In case of an ADSL systemas shown in Fig. 1, a 7th order
| ow-pass 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 filter may be reduced
to a 3rd order filter while providing the <8me results. Such a 3rd order
filter is obtained by inserting a capacitor Cl between the line terminals
Lla and LI b argcel isevmneads ¢@maand iOE2ALRY wereler thilier should- alsodsd ateeprabke but
LCa and LOb. 2nd rlderqéhl lter spoul d al so be acceptable but then with
| ess effici ent heR iih less fficienf rasgifs is further _protected agai nst
over-current and over I b [ des Z1

THe ﬁl?eg‘iP }:%fl]ﬁﬁglsppgfeégg% cun Brsgurren t%réozg §%vo|£qqﬁs

connected between the gate a e"source Si

T1, T2, T3 ancbil'éheoﬁlsrbﬁﬁeherfd:&@ésrzpfZEGZBQﬁ\d?Qﬂné‘&ﬁr%QfeHr@é}We%hf’rhé dore @MY
T6 is provided between the |ocal termnals LOa and LOb. The gate or control

term nal of Tothesoumersleatratleswftihetrgasistoos TT1T2 WIS bt Téhe gate of T6 is
connected to that of T ntrarll to the transistors T that all
are of the depletion t)}'b%'Fot%chfW ‘?"%%ﬁs‘?%'t’@rcﬁeoﬁ'ycaﬁéf%%é %ﬁdét [feprovided
enhanced type. hJdigeR iihd Rﬂ:’%‘lf{é .ﬁa@gﬁf%d‘ 8. §R ﬁé’%ﬁ: Eﬁ PR FI5 is
1 , en ﬁ ? ow

respect to the transistors er Wor e curren

t hrough the trcomsiestedrio fhe gdte 6BT paddlst tHehgafdiof aat isf danmetiaidons thathef T2.
~transi stors T5-T6 increases. It can _be seen as the currents I[imted by TI

-T4 are deri vegonkoplyde e fgnsisiess (THato (e tbat rathoreidnbendeplgtiont iypa, ithe

15 trans en 0 deV| s co cte ot sent, fi

arr angerreﬁ?j ,tr?,fﬁ%%%%hﬁ] eoraeogqﬁf’p?qqlﬂ? Q%Bgeﬁh?&d*éoﬁ'?ﬁrsr 8RpEHE P a
| ow-pass filt edforﬂbl%ﬂﬂﬁﬂfﬁmay @lth'r%&fiﬁﬁfhfe' trd&distafs PNESTEN SR¥r @Jo?&s Bhen
designed on the sanme principle, mainly by replacing the inductors
capacitors. Wnihlee:urneef ﬂowﬁbr@g&sthsftrdmstmns\ﬁe’lnﬂ alechsnses, thenudest flbbetdthr@.h:give _

in 20 connec on WI ic devices, it istob clearly under st ood
that this desc ‘i’@ﬁgg IBRTSPSEY '0\/&9”(}?3 éi%ﬂrﬂséﬁﬁrﬂﬂ’"r?@is %"f&g by T1-T4

limtation on Grtée 0%9998 RlwdddE TBYRAL AR tAGH ARE BHeh! d8& HRPEBRE tion is

cl ai ns.
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 capccifors.

While the principles of the invention have been described above in

20 'conne_q’rion with specific devices, it is to be clearly understood that this description
is made only by way of excrfnple and not as d limitation on the scope of the

invention, as defined in the appended claims.



9 CLAIM5S 1. Filter arrangement to filter signals transmtted between a
first filter port (LO and a second filter port (LI), said arrangenent
‘including filter means (L1; L2) adapted to filter predeterm ned frequency

conmponents of said signals, 5 and associated cl anping nmeans (T1; T2
adapted to limt the transmission of unwanted signal 1[‘ Imﬂ““ﬂﬂ“mnf st
filter port and said second filter port, characteriz

cl anpi ng nmeans include active device nears” (T1l;, T2) adaptcest o"litith

variations ([err]) of predeterm ned paraneters (I; V) of said signals. 10
2. Filter arrangement according to clai @MIMaracterized in that said

arrangenent is a lineg filter arrangenent, of .whi said first filteg t
(LO is a local porte'C(fH#é&ré‘%PQ%“gW tz?p{y ra?'ﬁgcl(ég@l@l“'ﬁ%‘#@e 1ok §a‘di;rafogllé%rond
filter port ( i i i ¢ t ﬁg@ﬂ]&. | e TR 5
3. Filter ar r%o]nr)g&Ln(%)ntangcdgg?%?ﬁgm?%n@?gi(Fnﬁi’l%agﬁ%r&gc e“éi:g\(lllbr# l}t@g‘th(‘a;srani)‘ %Icnk
filter means (Lhcl2dedapted! ioafitferofrederasinatt frdevuensy tbihpohdntshelvidig sigmdls st
end connected to said second filter port (L1) and a second end coupled to
said firsP fionckossrniated (dymping memisn(TJatTR)otdapied tactimitethgelrpoemissignsof
(T1, T2) which further 2 as- a cont ol rmnal cqupled to said firs
end of said #Hh”é‘i'?*ﬁ% ‘H%S’/%Eebgﬁ'.eeﬁ! P! r!i'faﬁf rﬁ'ﬁﬂeﬁ@ﬁt °88cg?' i 1T .tfﬂf rc’f’%’i%m
2 and 3, chara{d-gfbaaa innihhh%idsabﬁwr%ﬁ%%%rﬁ?ﬂkldo% é‘?l\@vﬂmn‘féo'n%e{ﬁ; T2)
adapted to filter high frequency co g ents of signals.transmtted between
sai d apparatus, (POTS/ ,PSTN) .and 25l d¥id transnmissiopn line (TP), .in.tha
sai d reactiveoq@f%@ihg"*a'}':gﬁ“ﬁmﬂ?tgr( ) @ﬁcegsmnweﬁ Rararesteds Ui pé said
device is a transistor (T1l;, T2). Filter arrangenent according to claim

4, characterisgealsn that said apparatus (POTS/ PSTN) is connected to a
first (L%) and a second (LQb) l|ocal 30 term nal of said |local port (LO),

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
(LI} 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 fo said second filter port (L) and a second end coupled to said first
filter port (LO) via @ main path of said active device means (T1; T2) which further

20  has a control terminal coupled fo 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),



- 10 - in that said transnission line (TP) is a double-wired |ine connected
to a first (Lla) and a second (L1b) line termnal of said line port (L1),

‘and in that said first line termnal (Lla) is connecum mummm,ﬁ" end of
said inductor (L1), the second end of said inductor U ,sai d
first local 5 terminal (LOa) via the main path of said trandistfor*(T1),
and the control termnal of said transi stqr being coupled to said first end
of said inductor. 6. Filter arrangenent éccoo'rdi ng to the clainms 2 and 3,

characterized in that. said arrangenpent is | ow pass, filter. adapted to
filter high f requency‘”ig‘“ S%Hﬁ&ﬁ@ﬁﬁ?’b‘f”%ﬁghﬁl%dPPEWSYﬂr? daeserneeisddaiod

first filt ' first : LOb) | ocal
term nal to v ST o 88 AR Berbl bl R i 8 At "o o second
filter port (L1), whiiahhBpsaid firétlfle fekrhtnal 30d) & sGGRiebd lolihe fidshend &f BLRpl

to which said transnmission line, that is a double- wired line, is

connect ed, 15inductor (L1}, the isecartthend adfdsdid linductoe deing ooppledets snidlifirstt local

i nduct or 1), and cond jnductor (L2) as reactive_ devi and that sai
active devl celefR (ﬁﬁﬂgwps*bea“me@&gfa%?ﬁéw'storﬂ? 1hind thscesitee! fermina
transistor (T ] [ ' L ne: 4t ] 1a) oyl onnected to the
first end of égslcdé!?ﬁotrng?ﬁrn%%h& %élyr?%i;ks Q‘?’ﬁﬁéﬂ%ﬁéf géﬁéa})&?uégfd first

i nductor being coupled to said first 20 | ocal termnal (LOCa) via the main
path of said first transistor (T1l), and the control terninal of said first
transi stor being coupfefilteoagangetensaceording te dhel cldimst2 pndubt dharagiedzed
that said secon lti nedterm' nal (L1b li S conn‘g@t ed to thg}cf.hrs%\.wg of said
second i nduct 8 "2 (HERECEHY 8nd 'BYV-EA&d™ %rC8H8P‘eﬁ!d filer ¥'hd" EBEpFEd
25 to s@d é&ﬁﬁﬂﬂeﬁ@%lsiéﬂﬂreﬁém%%ele@n S8R ARt nn&:abégrrfgto?,amacﬁ%r@

transistor (T2), and the control termnal of said second nsi'st or bei ng

coupl ed to safidtf{Lx) end of seaddd s@ind localuderoninal7 toFiwhieh suid angeaeatts
SEAUARE ), RSB N IE FE M I WIS
according to BkéidQernS*l%?ﬁR@ﬁérﬁﬁﬂqi & VAR S Fansmission 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 {LOq) via the main path of said first transistor (T1), and the control
’rerminc;] of said first transistor being coupled 4o 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 beingmcoupled to said first

end of said second inductor.

7. Filter arrangement. according to claim 6, characterized in that said

30 first (L1) and said second (L2) inductors are magnetically coupled.



active device neans further conprise a third transi stﬁr (I3)_and a fourth
transistor (T4), in that said first line termn Um@connected to

first end of said 5 first inductor (L1) via the msu n lml Hw”'llrd

transistor (T3), the control termnal of said third tr
coupled to said second end of said first inductor, and in that salé sécond
line termnal (LIb) is connected to the fiyst end of said second inductor
(L2) via the main path of said fourth transistor (T4), the 10 cont rol
term nal of said fourth éran3|stor bei ng coupled to said second end of said
second i nduct or . F- Eilter afrﬂaggeﬁehﬂc%émgﬂmg i & conegerizeth it spickd

In that said t L.Oa) and I ne, rm na couled Vi
the series co &rt"e'%tg V'gh 5 MEHET nf%ﬁtﬁ ')ésepaq rfhb'{a t"lggﬁ'?%ét {;&g tES r%f
whi ch the conframdistbermmnal s are connect ed to the first ends of sa| d first
(L1) and second (L2)'inductors respectively. 10. Filter arrangenent
accordi ng to clai m 6, icHataatdfiisy bde terntihal (Lia)iid cohaemeahgo e fisst fendt dfesaid
i ncl ude over - éolta e protection nmeans 2) . coupled 20 across said

first (L1)® antrsk l’( toh) yYiRdihet Brain r%ﬁbe@ésvé yh'fciircflslsm"eﬁ?dcéb‘? dioRgot o

I 2 h ' h I id
[ine (1P) ar ot s b it P Rab sy RBaoLE sBrpdend, BESaRE AR ™"
Filter accor dindgclop, @ﬂ,@l m 6, characterized in that said f| rst (LCa) and

sai d second (LOb) |'ocal terminals are shunted by a first capacitor (Cl),
and in that said firstn thateoidusecora ling éeromdal (L) is| doneettedniortaksfirat end of

shunted by a gc%gosregoﬁg eﬁﬁbétgﬁ (Eﬁzwc 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 (TS5, 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 (LOaq)
and said second (LOb) local terminals are shonted by a first capacitor (C1), and
in that said first {Lla) and said second (LIb) line terminals are shunted by a -

second capacitor (C2).



