WO 2006/ 017236 PCT/ US200S/ 024576 AMPLI FI ER FOR

UNSHI ELDED TW STED PAIR W RE SI GNALS Lui s Larzabal
Edward Paul Ponganis FIELD OF THE | NVENTI ON The

present invention pertains to analog anplifiers,
YOLHIFHEa¢ |y anplifiers for use with unshiel BEHUS2005/024576
twisted pair wres. BACKGROUND OF THE | NVENTI ON Users
of data comuni cations continue to denmand ever faster
service. Acoustical nodens are typically able to

del i veyip@r rImRXiFGHMU@SR fHIfDEY SwxsidOUsaRdwbRE SsRAIALS
second (kbps). Hi gher_ speed broadband connecti ons

have encouraged cont eRPLPriifizdéfs to provide services

that are not practigcalarat pgg§sggn§aﬁy%ds typically
requiring a mnimumof 1.50 kbps. Digital Subscriber

e " BDSL: speeds up to several negabits per
FI@@Q&%& HEN&B&§§£%§£ending upon di stance fromthe
te|1ﬂ&h@m6556tViﬁﬁbnﬂibﬂvbdfﬂaﬁhéafbtﬁﬂéldﬁfdmpilﬁ EIE) to
n1se EqU|p " CPE" .
DU S I FIRGHESE s oBay & pridn IR e L dvigrne pair
wirkst ances high speed DSL is not avai | abl e at any
reasonabl e price sinply because the technology is not

BA%D%;&)UH@ gg TP II%‘T‘%@{Q' y consuner speed DSL is not

ere Yy t he econmuni cati ons corrpanl es at
gr éscgs phate tbapmmnicaiias conpmtdheccCOen®hdsevde faster

SeISﬂF_L \é' CeA@ﬁ@@tfgalp&%}ﬁ!eggra?‘ré. Staglghiﬁ)grgyle tt%%@ﬂf@@f Of

nd their proximty to e This [imt
ma>t3hreirrr esufitff PSL thendord biftsi pekzaedord dikbrheé. ngher

sp@é&l %@oggbﬁxy&]s{ﬁrﬁle@%QOkw ﬁatxfed eﬂ@bﬁré P"o%t%%p f%wJeqrs to

net wor k been t emalnstayo thete
provifdeaserucees eatomrehect ineepireh of leomear ep«a¢ds,

tyéfﬂdﬁ@@oF¥qufﬂuﬁpﬁaﬂﬁﬁ%ﬁ fEUFEO|§b%§“H ng&t5§ éﬁgé%rlber

y every hone an busi ness by virtue of
Lingse (f'8FLchraffiarg sordilnaty elephonk raambdssi oas. ssﬂcond

Mkﬂilsﬁad QBéﬁtglen Q om8ﬁ§§ar§c!@tfrloﬁ\ {:ﬁ’e '\%le\f@l hesyéiﬁdc for

requency |gna In that the requenC| es
prcrve@@géarfyerfwalt RéEfdacaltGt'@ste the Customer Premises

Equipment (“CPE”) and the user’s willingness to pay a premium.
At certain distanges high speed DSL is not available at any |
reasonable price simply because the technology is not able to do
so. Typically consumer speed DSL is not offered by the
telecommunications companies at greater than about 2.5 miles
from the CO. Thus the service area of providers is limited by
the number of COs and their proximity to each other. This limit
is the result of DSL vendors’ utilization of the existing
unshielded twisted pair (“UTP”) cupper wire network that has
been the mainstay of the telephone infrastructure from the
inception of commercial telephony. BAn advantage of UTP is that
it is into virtually every home and business by virtue of its
use for carrying ordinary telephone connections. A disadvantage
of UTP is that it is not well suited for high frequency signals

in that the high frequencies necessary for the data rates
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op e@:her products of the rel evant art utilize the UTP
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signal, decode it using the pertinent protocol for error
detection and correction, then reformulate the data and
retransmit it with a rejuvenated signal. Such approaches are
very costly. Other products of the relevant art utilize the UTP
infrastructure but require the telecommunications companies to
install different equipment at the CO and CPE, which is
expensive.

The present invention provides for the extension of the DSL
service range via existing UTP lines with no change of equipment
or software at the CO or at the CPE, often with a higher data
rate than currently available. It is an objective of the present
invention to enable DSL service providers to economically extend

their market coverage, compete with broadband cable providers in

2



invention to enable DSL service providers to

econonical Iy extend their narket coverage, conpete

wi th broadband cable providers in 2 WD 2006/ 017236

PCT/ US2005/ 024576 terfls - "f'sl13d"dd ...... ~' nC tbb
worHse1Rem to rol | out coverage and servi cRCT/US2005/024576

terkIPL nggg@ég + SR @or Rkl EH'EH‘ tr @adbapdt cedlerage and

supp due to | ower ca al needs for
servnfe asmmameeltexmeﬂ%l Eor; of s LJthé‘(lilh ﬁéPé@?a‘P% HRRIE supehters

dueatgI L.b eftda%QQlalcgggggt fcpp 1r@§1a\é’%€cﬂc€uga gét@dnsion.
Sl I'ne Access Miultipl exer ("DSLAM boar d at

t hBSECiedede@SLlﬁDbléﬁ?—@tuR% ac S HBFL 8OPR BrfYEECTIon
betg?%éfae'ﬁ‘l 2 | esﬁ% cP0f £ &l Atd Q\@%‘s@ MEDBLpiSxe@ (“DSLAM")

dicated set of tw sted pair wres extends
boaftﬁom: atlsd r[g] em;doat DSbrmedren RSLANEt 6UERENBTST dHEF S aSsL

dem No other S%b}?g[%pe&lsﬂl SeFI‘ngq by, thai; sane set

h
T eﬁ? W rasS A $pl ° néar the prenises entry
aedgﬁg}'ﬂéd b e cters ttwhetfedega:emylm@txrt@ndasﬁ@me@ g 9keneort
| og voi ce n om t

o $38 9840 55 L R S e
is Bervéhepyaice siageakst oﬂ'hfa@& signallsthee asstgregr the

one or_mbre separ non-. ov i
oremofet T UpHTIRL CEONETds The (OO T, Ser BT e £
theOEnHDLE Wbeom@nampl fals ;ﬁf@mrﬂﬂc;frbalndsef ppectijgn dedicated

"downl 1 nk" (tovvards he, CPE) direct
o PROVERE. | e NEUETT AD BT ot I'OHE AP TRBepindan (e Lenals-

Theeﬁgﬂ Ql@ﬁél@r‘eﬁ’ef |a@éﬂ1@§ed3d>1ﬁw|dlﬁl’x’t@(rldaslsyépajral’se imon-

di fferent dlrectlons thro &.58 g (E t
ovesARBPNGrE! LEBIPAAt BATH ?‘P%h‘db% VP ﬁé‘tk"m)i piarts e, £0)
dlr%@¥1glefvé19& ctrr@tor' %ok@sﬁéﬁecﬁiv@ﬂta\mlﬁlg{ hfeegﬁém:ﬁecsands for

itter and the CO DSLAM nust accommod Ee
ther adgwngllﬁ F’bmtr%@rrd@cth?ocﬁﬁbcfhﬁ?zct&ronmrg evﬁ?ﬁ%ﬁl{lowmg in

thesgg%g Pléjd’fﬁﬁlts' QRe WHEESenddHd eat icarh dtsérn@mmsﬁﬂemlng
end of the connection is the tr nsmtt

simyheaOPEus by, tivstuphi AkIfarerhe i3 ehé fa&%l*fe}h%)same

and_at
T Lo e i 1) R

ThuBSkng" ADBLYe HARGL ieanpagtehd clovas e BAPALPRE SR EEeT
ancfBhet DG 8T Adn S BBl 0518 43he) sandindyPFeh el dc
andar or transm ssion are for the
fo 1100 khz or more, without regaxrd to direction, where
wdirection” distinguishes at which end of the connection is the
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The Asymmetrical DSL (“ADSL”, ADSL meaning the downlink
data rate is not the same as the uplink data rate) and
Symmetrical DSL (“SDSL") standards for transmission are for the
voice, uplink, and downlink signals to be present on the UTP
simultaneously. This is in contrast to High Bit Rate DSL
(“HDSL”) wherein the downlink data is applied to one UTP set,
the uplink to another UTP set, and the voice data is not carried

at all by the system. The industry standard (described in ANSI

3



voi ce, uplink, and downlink signals to be present on
the UTP sinultaneously. This is in contrast to High

Bit Rate DSL ("HDSL") wherein the downlink data is
applied to one UTP set, the uplink to another UTP
WOr00s#ne3¢ he voice data is not carried at aP¢T/B§ROEYR4576

stem e i ustr andar d.
7L 3 6704 9 T FOSIBBRF Do s toh P aha o hary B
fre%ﬁ@ﬁ@ﬁa%£@?iaraggs Eategorles of data by frequency
range n e h
stéﬂd%?% 13G{erkdza génpﬁb ﬁh q%la%H9% f%y(§$§L4E%%%§Ekd
thekBZarBUSKESInd rBAe andli lﬂﬂity KHJ&S@nBlQﬁ ahz ADSkclphhyssi.cahe
wre line is called a

Ml ti-Tone o
sigha¢apsesFit | @&W&Pﬁgeahg?lqarﬁewelﬁ&r §/“8flsé. b ioital
Mulk b edYLaCYDMONeRcalile Bt9h§rc<fnfpﬁ:ql$%ﬁlcy>fbtlhkeé1$eﬂjy tdfe
signal suffer greater attenuation as

diffengoh fiertatsesonesnsefirtignen Ifréeﬁilaﬂ‘éif ‘??%’a@&esn O&e the

DMTb§9§§£§ §ﬁf¥eﬂ“§ﬂ@%&%g bPrdheivi @bialsi typt 9ieéfenid Viednyth
y data relative to those buckets of |ower

incteegaencyCorFsIURDSL Y / tﬁ%epEkQW§ﬁ1ﬂﬂeqpﬁgcﬁaﬁﬂﬁ§?ﬁﬁl%ﬁ
ham?@@égxiﬁm%ﬁ%ﬁ& QpihiE £ (bHE ket s Dt v 1 c&h%y(b@ﬁkefeﬂ@tﬂvﬁ to

eserved for the voice channel and other signaling.
thoFhebpoke¢forrflavee BAAEWFREN from approximately 34

khfo% U8 1R gnk9§ £V GRId A ni Sromsspedit@ely 0

Upstredm channel, thus conprising the next
Hz ZBublaekeﬂ)B t<As3CU'thva (packeinel ) ﬂ@ré@@@§V?ﬁ Fengtle voice

cha Ségﬁgyns LCke E arfhéi 1QnC Rk ¥ndab@ndwidth from
PE I?? n

I'n""a reduc pstrean1data rate. The
appﬁa&tm@ﬂew 34we<rban¢bwnc@Eh $ )r dm aEpr dkizndberiet 649 ki

bucket 3 t 100 khz (b 25 IS t
ﬁ@eédBﬂn€%? cHERNErS ah %@%S%%' ?%Efnégﬁﬁﬁgﬂggéfgm’“eXt
22 buekets. As UTITRiwder elhenenq:mﬂ@@seg Henpehgt fewgewmstrean

downstr ea ucket bl e t '
buckgtyg ?éﬂ f)r¥q ﬁ%&%&ﬁg??eaﬁ1 qgglnﬁétgagaﬁe&§§%%£¥g§é

upst¥ehROht atettdet ween the CO and the CPE. Beyond

R ol 9008k R A TT, o
(budlkkenygl edo Mdd khz (bucket 255) is assigned to the
downstream channel, thus comprising the upper 218 buckets. As
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Beyond approximately 18,000 feet of commonly used UTP phone
wire, most of the corresponding bandwidth is so attenuated, with
most downstream buckets rendered useless, that communication per
the ADSL standard ceases altogether.

In the general case, any number of non-overlapping
frequency bands may be assigned for uplink and downlink data,
presumably the two being interleaved. For example, FIG 1
illustrates a generalized assignment scheme for interleaved DSL.
FIG 2 illustrates the frequency band assignment standard for

ADSL, wherein only one band (34 khz to 125 khz) is assign to
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assigned frequency bands, are separated for separate signal
conditioning. The downlink signals, typically of a higher
frequency than the uplink signals, are separated, amplified,
filtered, equalized, amplified, and driven onto the UTP
connection to the CPE. The uplink signals are separated,
amplified, filtered, amplified, and driven onto the UTP
connection to the CO. In another embodiment the uplink signals
are separated, amplified, filtered, equalized, amplified, and
driven onto the UTP connection to the CO. Any voice signals are
passed bi-directionally, unmodified, around the active circuitry
by a low pass filter for connection with the uplink and downlink
siénals on the UTP. In another embodiment the uplink and

downlink signals do not share a common set of UTP wires and are

amplified without mixing or filtering.
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filtered, equalized, anplified, and driven onto the

UTP connection to the CPE. The uplink signals are
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FIG 13 is a set of SPICE simulations for AMP1.

FIG 14 is a table of values for certain components as a

function of distance from the CO and CPE.

DETAILED DESCRIPTION OF THE INVEWNTION

In one embodiment of the present invention an analog
circuit is inserted in a UTP line at an appropriate distance
between the CO and the CPE. It is an apparatus which separates
the three or more freguency bands (assigned to voice if present,
uplink(s), and déwnlink(s)). The present invention passes any
voice signals through unmodified, filters and amplifies the
uplink and downlink signals, then recombines any voice signal
with uplink or downlink data signals as appropriate. Thus the
telephone at the uéer’s premises will continue to operate
unchanged if the inserted device should fail for a power failure
or the like. This satisfies the industry requirement that
connectivity with the emergency number 911 not be compromised.

FIG 3 illustrates one embodiment of the present invention,
6



DETAI LED DESCRI PTION OF THE | NVENTI ON I n one

enbodi nent of the present invention an analog circuit
is inserted in a UTP line at an appropriate distance
between the CO and the CPE. It is an apparatus which
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[ustrated in FIG 1. The UTP lines fromthe CO are
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exaw&k f aanﬁkagfbgeﬂ%pt %oghomngﬁﬁiF?tgﬁ?l are shown
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processed, but |nstead%§ass actlve
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connected with the CO at one end via differential signals on
lines 420 and 422 and the CPE at the other end via differential
signals on UTP lines 452 and 454. Looking first at the end
connected with the CO, the first element 1s MIXER1 400 which has
three purposes: 1) block the voice signals on lines 420 and 422
from entering PREAMP1 402, 2) split out the uplink signals on
lines 456 and 458. from the downlink signals on lines 420 and
422, 3) mix in the uplink signals from AMP2 ‘416 on lines 456 and
458 with the voice signals on lines 464 and 466. Thus MIXER1 400
is a blocker, a splitter, or a mixer, depending upon frequency
band and to which port of MIXER1 400 each signal is applied.
Six db of the downlink signal is lost through MIXER1 400.

For the downlink direction the next stage is PREAMP1 402,
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in FIG7. Apreanplifier and a filter are needed for

the uplink and for the downlink frequency bands pl us

a low pass filter for the voice band. An inserted
device, terned a Bi-directional D fferenti al

BORAHMT36 Equal i zi ng Anplifier 100 (" BDBEA") PCT/ES2005/024576
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t he next stage is PREAMPI 402, 7 WO 20061017236
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of e uare,kﬂmnﬁugm 'Srﬁa%%t reanee! | £d % M %Egknhéas@tf{ﬂ?er

out put of PREAMPI 402 the vo tage evel
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28 db to 46 db of gain, depending upon frequency.

Equalization is the increase or decrease of signal strength
at a certain “set frequency” with less effect at other
frequencies. A peak equalizer amplifies at the designed-for set
frequency and a range of frequencies close to the set frequency.
The Q of the design sets the width of the band of frequencies
that will be amplified; it affects the range of frequencies
around the set fregquency that will have an approximately similar
amount of amplification. Equalization affects the data carrying
ability of the buckets because it changes the strength
relationship of the fundamental and harmonic frequencies.

Since the BDBEA 100 is placed between the CO and CPE, the

peak equalizer’'s set frequency and Q for the downstream signals

8



FILTERI 404 the only signal remaining is the downlink

signal, the uplink signal now being approximtely

70db bel ow the downlink signal. The output of FILTERI

404 is connected with the input to AMP]. 406 by |ines
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In one embodiment for an ADSL application the uplink path
through the BDBEA 100 is nearly identical to that of the ,
downlink path. The differences are that AMP2 416 is not an
equalization amplifier and there is no driver stage between AMP2
416 and MIXER1 400. An equalization amplifier is not necessary
in an ADSL system for the uplink direction because the lower
frequency spectrum assignment causes the uplink signals to not
experience as much signal loss as do the downlink signals.
Also, FILTERZ 414 is different from FILTER1 404 in that FILTER2
414 is a low pass filter, filtering out any downlink signal that
is still present on lines 444 and 446. The final stage in the
uplink direction is AMP2 416, providing approximately 6 db to 26
db of gain before being mixed by MIXER1 400 and subsequently
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signals are assigned to a nuch higher frequency range
than the wuplink signals, equalization and
pre-conpensation are utilized only on the downstream
signals. In another enbodi nent equalization and
ﬁKémwﬂﬂﬁ@ﬁsation are used on nost or all upl PAKUSHARA24576

downl i
crgulol s, HROUEIRY Bords. WIERE S popaecte it bibihene
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11 @MW 5€Enk$ NOtcNOCRSSBKY theBe ami ARSL sy isemctons fdwgner
uplink direction because the | ower ! enc spectrum
sl SAENCY 4322SS

50 agisiogReAt teausess ke ep AR §hgnly

eff?gy?UeQQCSléékguﬁhengﬁ@|BboﬁﬁzaﬁoihbtdﬂﬁndawnlInk the same
Ignal s Also, FILTER2 414 is dlfferent from FI

it lional AaBOP R TERD AGPER A5CaPTRRFHS B 4E35C Lines

456!c ntderz;'sﬁgaQ% A0, doW hBkesi gR@tn t}m}heﬁ E"e;h%hl the
resent on |ines ‘444 and 446, The final stage in th
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efgpe [ E
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thd:é%'lékbﬁﬂ@@g/ OPAS 76" & rtaaswitOrBgr t ®5 tIRENCOYo A NETROV R hisk
i f I
sidf aniohest S Iem Urooonts pYGuEE T Akl ok NeS

traigfeutines. ad XERL by 0he sa@pphéw@d Um idee silnagfercpep and
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re 0 S £R%; SO0, ADNE DL I e/t 001 0hences
to tHaNshoemBEe 1 B0kt o ltataes ot heh€ Qi greales yf A6/ phes, an
1n£§§?%§ éggndggg al%ﬁls is accomplished by 50 ohm resistors
Rtcon 502 and Rtcop 504 in series with what the uplink signal
considers the primary side of transformer 500. A capacitor
Ccoac 506 blocks any dc component from going through the primary
side of transformer 500.

Transformer 500 outputs 508 and 510 are connected with an
R/2R hybrid coupler 512, comprised of resistors Rlcop 514, Rlcon
516, R2con 518 and R2cop 520. Hybrid coupler 512 causes an
approximately 6 db reduction in signal strength of the unwanted
uplink signal of the mixed signal presented to PREAMP1 402 on
lines 424 and 426. The values of resistors 514, 516, 518, and
520 are not critical, only their ratio of 2:1. Nominal values
are suggested in FIG 5.

Refer now to FIG 6, detailing broadband PREAMP1 402.
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effectively blocks the do to 30 Khz voice signals. At
the sane tine signals Acpep and Acpen are presented

by AMP2 416 on lines 456 and 458 at a very high

| evel , much higher than the downstream signal com ng
wogngstmesout put of transformer 500. The | ef t PI/HE20$Y024576
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1nﬁﬁéioﬂqéﬁﬁﬂl§%§r§n§bézgﬂﬁa6@§OreE%@£t£ké¥prl@%e5§gln of the

causes an approxi mately 6 db reduction in signa
angshirfdipgish 16f copbrahvithtoed Tegpbpak segrrilorst Rmepnﬁszéd Rcoin

[ S e n nd 4
08, 08 FBEESPE £ ok EPEAEL 407 £ 1SR 08500 {oPumce
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O PR sana PREAVPL 207 > 15+ F0bb 01 7ge PrERvRt 409 Lo
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s RS ML el o TR DS LSS
dlﬂﬁerEREANEZodﬂ@nf riametshid@8descd i 930 crxe Boanechpdtwioh high
pass EAgPeS Qf}#é’r\;} h4 signals on lines 424 and 426, the
u f . At this point the signal

comt[a.mmaltmzi dowtdwak iai gegkiplifs FNONY .r eTRi 8h8gembodiment
FILHgﬁlnﬁoi gnalIuﬁhh}%&dggagfllptlcal filter. One skilled in
the art would know of other suitable high pass filters. The
implementation of FILTER1 404 is not critical, only that one use
a high pass filter providing strong attenuation of signals below
164 khz with little or no attenuation above 164 khz. Resistors
Rbpp 700, Rbpn 702, Pbpsp 704 , and Pbpsn 706 are for impedance
matching. FILTER1 404 is connected with PREAMP1 402 via lines
428 and 430. The output of FILTER1 404 is on lines 432 and 434,
connecting with AMP1l 406.

DMP1l 406 is a peaking equalization amplifier. Referring to

FIG 8, the input signals from FILTER1 404 via lines 432 and 434
are connected with a video difference amplifier 800. The gain
of video difference amplifier 800 is controlled by the voltage

on line 804. Line 802 is connected with ground. The gain is
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FILTERI 404 will renove the remaining uplink signal,

but needs good signal strength to work with, thus the
need for anplification by PREAWPI 402. PREAWMPI 402 is
a differential anplifier. The phase rel ati onshi

WO 28he signals on lines 424 and 426 isP%?/Egi’@?Wtme
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thesdd lilsedebn 1éde ardn Woulktekoppe ofbiddass  suhtahl erdi ghsigned
. pass filters, The inplementation of FILTERL 404 is,
ni i S P EhF e omB ARG TBNE. (i Do hidat i LearpTEssin one
emdIQYediNgs S SO NbraihaRuBkLen ofe SiigNalst Fekguend$lokhzne
wth little or no attenuati on above 164 khz. Resistors

dovsgernoPaibpn 702, Popsp 704 , and Pbpsn 706 are for

| npedangep oY RY1cEl bIER a8 hd F50RReshed Mbhonent
PREAMPL1 402 via lines 428 and 430. The out put of

valpesTERPLUOZR TS done FAEE aB2RGH Y34 of d8nABES: nglMmi Kl 13A

caBVB13400r APRAPS 1518 PRAKI NPLAURLI2aE 508 805 Kkhz and
anplifier. Referring to FIG 8, the’li ngut signals from
thermprERpm AQRETY 18 143n€E - 43BY amtPUBAT &EBbcBARet? etl’ WK tve see

: [ j Pfi T ' f.yigdeo
in 378, 498 0! METpeaRTBh) BT IR 00 o
witgnlithke 80mnds de 8021ingm cpnimect €dnwerhedy ourlthndivey Rdbb

8103%”5@11&51 (\(}Qt%o%{aglgg%%%th)./ ,U%Ogéfgo%ﬁ%gs 13C that fhe
etermned per the relatibnship Z(Rctc Inso0 =+
freguency stays at 805 khz and the gain is increased to 48 db.
The roll off of gain at the peak is sharper for Rdbb = 5 ohms
than for Rdbb = 10 ohms.

The output from AMP1l 406 is a single-ended signal on line
407. This signal is presented to toroidal.coil 807 of DRIVERL
408 through a current limiting resistor Rdse 809. The purpose
of toroidal coil 807 is to once again have differential signals.
The secondary of toroidal coil 807 presents differential signals
to amplifiers 816 and 818 on lines 815 and 817.

Amplifiers 816 and 818 are the drivers for UTP lines 452
and 454, with coupling provided by MIXER2 410.

The optimum value for the overall gain of AMP1l 406 and
DRIVER1 408 depends upon both the distance from the CO and the
distance from the CPE. Additionally, there is an interplay
between the gain of AMP1l 406, DRIVER1l 408, the maximum power
that industry standards will permit on UTP lines 452 and 454,
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Z ( Rdbb ,Cribb ) The peak gain frequency of the video
difference anplifier 800 is strongly controlled by
capaci tor Cdbb 808. The peak gain frequency goes down
as the value of Cdbb 808 goes up. The DSLAM at the CO
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chan ng Rdbb 810 to ohns éMAth Cobb at 33 nF), we
U H a8 i adiO o D BRUERCHOSE oyfs aroudn Lkhss

vaxamlst ke s@ahBed SridcreasedpER 48008 tnhe ol lerehf 30600 feet
in at the peak is sharper for Rdbb = 5 ohns  t han
to %ér Oﬁ&béeetio Ehheeacthelistiepae Pron AdsL o6 rirgsponding

valsidN¢o8- QﬁggdeQSHHﬂCdyﬁmh'Beanéogdd%;gfﬁ Si9pah Whi hese
presented to toroidal coil 807 of I VERI 408 throug

valgesubpgat bee 49 inyriesds epp 1 Régel B09.comvd dguipeskhe of rade
ofd 0 once again have differential
g@ggggg 9Qie seconghﬁy of toroidal coil 807 presents
dlﬂﬂéﬁéﬁtﬂ%@ %ﬁgﬁﬂﬂﬂ?ctﬁd aiphi PREFERIZ IO Bandag8l8nen 436 and

[in 18 a t
4?8dr|gz§§§$ Shes éb§£§dﬁééﬁﬁﬂgl%h§8og$r ﬂgres 452
andpﬂé#ldBMbee$Meﬂ§QZO4IDe EHE pmmmuﬁﬁa W@ﬂuEtécr the addition,
er. |n f. 06 DRI VERI 408 epends on .
voi R phats & e el PR A B R e wie
theth@PCPEhe#KHﬁZlammaMEy ath@hEslpbﬂﬂtl (oespbayof hetxwren 410),
ai n_of 408,

hupnar SPRALELT 6 SHAPGE T (P RC GAmUTD TPRES aals
betandndbde AR and the CPE. MIXER2 410 is designed and
functions identically to MIXER1 2, though obviously the downlink
signal is now the unwanted signal and the uplink signal is the
desired signal to present to PREAMP2 412. MIXER2 410 is
connected with PREAMP2 412 via lines 440 and 442.

As stated, PREAMPZ 412 is architecturally identical to
PREAMP1 402. The gain of the two preamplifiers may be
different, each being set to provide as much gain as possible
without clipping. PREAMP2 412 is connected with FILTER2 414 via
lines 444 and 446.

FILTER2 414 is not the same as FILTER1 404. FILTER2 414 is
a low pass filter, whose cutoff frequency is just above 125 khz.
The result is the passing of the uplink signals while
attenuating the downlink signals. The design shown in FIG 9 is

a ninth order elliptical filter, though as with FILTER1 404
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WD 20061017236 PCT/ U52005/ 024576 and how effectively
the R2/ R hybrid coupler in MXER2 410 can reduce the
unwant ed downlink signals such that FILTER2 414 can
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band pass filter for the assigned band. Each filter output is
connected with an amplifier whose gain and peak gain frequency .
is tuned for the frequency band of interest. FIG 11 illustrates
how each amplifier is configured. Opamp 1110 receives signals
on lines 1100 and 1102 from FILTER1.1-1 304. As described for
the ADSL embodiment of AMP1 406, Rdbb.l 1120 and Cdbb.l 1122 are
determined for optimum frequency and gain for the assigned band.
Opamp 1112 receives signals on lines 1i04 and 1106 from
FILTER1.2. Because opamp 1112 is presented with signals of a
different frequency band than those of opamp 1110, the optimum
values for Rdbb.2 1106 and Cdbb.2 1108 are different than for
the corresponding components for opamp 1110. The resulting

outputs (following current limiting resistors) of these two
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attenuating the downlink signals. The design shown in
FIG9 is a ninth order elliptical filter, though as
with FILTERI 404 13 WD 2006/ 017236 PCT/ US2005/ 024576
there are many alternative designs of a | ow pass
VO 200/013@  skilled in the art mght chose. gﬁﬂﬁ@@?'\é"é“%
t I d re tars
L R T R T R i A i
Coﬁﬁﬁéﬁpﬁng¢ﬂlFH§Q2d¢14CPSl gohriectt®d VRRELN4ARP2 416 vi a
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ISEII E?g%sﬁ%4lé<ﬂ%%u%$\gnt§gg xﬁ l dbh Ertslagﬁgluu?fg éjltrangement may

beappt oxiedt et wn7@r@btbermvmmrﬁiEm|@Iﬁ nblsngnahd ANR2 dblb, L ink
1G 1 [ £ aI|z tion I|f|er
e ERh N 3 ey Sl A R LETIRE R
as26gded of ﬂﬁﬁqMGQEWMbendtmeIﬂmyﬂBlSIghat81®nhigHKEho$@& to
d 450 égg%bf%u%put flgnals lines 456 and 4
T e are ‘connelred®with ™ “#60° A&@ﬁ?d%%ﬂ
eqeabug&ngﬁﬁmpk&&dbrbhateauﬂmiveﬂnsbagehes effteddineededhese

e sane _concerns detail d in overal
1B o ARBT oA ShIC I VERI A6, (ABSLAS ot ATe 3] bo
comhed es a1 enefdb re pier heah | §reAgRIdy aefseran@g/t@r Rre WMsthlke to
theq&@ di stance to the CPE listed in Colum A there is

comended val ue of Rudg 950 (FIG 12). In one
enbndidmtembbaﬁméystwmcesm@nais% B8 MDYeS the UTP
wherein there IS5 a plurali of uplink and / or
LingiwitS tiechaks, €O 289 ISt Cg?érd ah" abpt$ 15387 iss leovRaed

fifwsr eaglrehandis Rﬁ&@gés& Rhe @gghalgoaféﬁé tHeDacR1§¥St em
with two downlink bands( 2) _one_ enbodi nent

LI E irde §Ta the L FREER 1100 an&“aeFPEH¥§U9@_E¥L3§%§h4é8 band

ilpassdtddt eh Foe the @xvignedebanpd 1 &ach fipld %&towipytmow
is connected with an anplifier whose gain and peak

of RVt PreglbnEyetivey kayphedspof i ker fdemiudsey band of
| ntef @3he HbG é}sﬂén{su%tn akes OP%@%] A Ellbﬁggé%i%

configured. Qpa 1110 receives si on |
dowgrd nk]1 @29 p b mh@rlssgmmémje@masbe@ fledicabhed to

upyﬂaiLsgghgﬁé”E”fhéﬁe‘A¥P%o gg??ﬁ%ﬁ%ﬁz%d%l%%l%gd gggglé Since

122 a determ ned for requency an
thef gwlihé andi mdllbémslgn@an@rmﬂ@arr@ct@dveseswgpmsle:m need

noe b@%%léé04xﬁﬂﬁn4%ﬂﬁfﬁﬁ%gks, 81mply an equalization amplifier

in each UTP set, with DSL transformers for coupling if desired.
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FILTERL. 2. Because opanp 1112 is presented with
signals of a different frequency band than those of
opanp 1110, the optinmum values for Rdbb.2 1106 and
Cdbb. 2 1108 are different than for the correspondi ng
conmponents for opanp 1110. The resulting outputs
(following current limtinggr8sistors) of these two 14
WD 2006/ 017236 PCT/ US2005/ 024576 anplifiers are
connecte"d with Iine 407, which is further connected
Wth toroidal coil 807 in DRIVERL 408. One skilled in
Claimpe art will understand this arrangement may be
extended to an arbitrary nunber of uplink and / or
dotwnl iATk eletctrenisesicepitbeeniprising: one enbodi nent t he
uplink signals are assigned a frequency band for
sifystbiglirebiddnal seimigalsemaligdcdnd bidmestioreb peradnalblbeth for signals
. . signal loss, thus one or nore peaking equalizing
in firgtgd secang differand dgaueRcyaBeHEYMEnbodi ment t hese
signals are given another gain stage (DRIVER2 328, FIG .
3)a fitst misaperiied thbrtherféstﬁwglﬁe@tm@h&myn@léé%r RAdNg sigpals in

., t.he dist nmbodi t [
said JAF AR ey shERrMsPR® [Toos et veen L he 0O
d_the CPE. | t hi filt FI LTER3
Z%Sﬁb%ége é‘gg'?ﬁ@g'gri‘%‘lﬁ%f’ gvéhi‘?tg%rﬁﬁgt\tlvwg(aesit i vle ilr rcuitry of
t he BDBEA 10Q00. An | f FILTER3 418 .1 ]
. 1QREoF mosR TSt ﬁﬁ?@eﬁwﬁ%ﬁwﬁdh% ey amaliier for passing the

Wi kL Kk - : feni
sugn%}% é+ 8nl?%ftnﬁé%m:fﬂecﬁluh?éHé%ﬁ’lﬁobﬂ\ﬁ’g?ﬁé U%gn'a_ié Rsaid second

L systens one set wires is

frequmdycspeettutny  downl i nk signal s and anot her set of UTP

wires is dedicated to wuplink signals. There is no

preng ot mioré secord amplifigrsatannestent withtthe onpl drmkorerfitst filters for

downl i nk signals are separated the anplifier need not
ampliyipg; signals i gaid iyt ‘?‘?‘ﬂ‘t’ Y SREHMWY an equal i zati on

anplifier in each UTP set, with DSL transfornmers for

caupesany mixerder mixing amplifigd signglaimgaidfirstdpequency spectrum

and SHRSERYaR SLEHY freq DY o di¥m;
a third amplifier connected with the second mixer;

one or more second filters connected with the third amplifier for passing the
signals in said second frequency spectrum and for blocking the signals in said first
frequency spectrum; and '

one or more fourth amplifiers connected with said one or more second filters
and with the first mixer for amplifying the signals in said second frequency spectrum

from said one or more second filters and for providing said amplified signals to said

first mixer.
2. The electronic circuit of Claim 1, further comprising a driver connected
between the one or more fourth amplifiers and the first mixer.

3. The electronic circuit of Claim 1, wherein the first mixer further

comprises:



first bidirectional termnals and second bidirectional
termnals both for signals in first and second
different frequency spectrums; a first mxer coupled
with the first bidirectional7ternmnals for mxing
signals in said first and second frequency spectruns;
a first anplifier connected with the first m xer; one
or fi [ S ; ' | i i
T3 fnsfcainel colrEBirERRiRehyandsboidey bj Krminals, said
primarnessireemirsieconnaoted dithdhe irstdidinggtionel termingls and said

sai d second. frequency  spectr ne .qr nore _secopd
secoaipry eolklesminain eepaeLtisl Mt # RoVR NbrilsouPler b With a one or
' anplifying signals in said first
mor%tdwt}rﬁi;%rg ﬁ.’1“i,e|oréctrum a second m xer for m xing
anplifi sianal s i.n. sal i ISt d fcmar
2 si ghte Blationk PRl 3 Wi H IS K RRF R comprises:
anplifier connected with the second, m xer; r e
S o4 GRASTOIMEE COMPBRISRTETA0; 7 SREoRdaTY 0L IR inqlEy s rimary
coil t@?@ﬁifdl@c hfected WAl the sk coAd HidiRcHBHaf teafiaRCind paict savondary
an or blocking the signals in said first frequency
coil tepairtalsioconredied mithan RB/R hybldcuRles! i fi ers connect ed
with said one or nore second filters and with the
first mxer,for a A ' j ' :
f requenty elnedprfptotintdaif, feaanng frst nipifes e

diffefdritib€ampiifier. f or providing said anplified signals to
said first mxer. 2. The electronic circuit of Claim

1, further conprisi.ng.a driver. connected,. bet n .

or® or -ﬁB‘?@'?C%Ff%c'ﬁi%&qufé@m?a‘ﬁgemhﬁ ﬁ_"g?r \f\f)%g?r-nbgﬁer 1S
furtheP So:%'pﬁ&‘:é@ Bf L Girst é%é}hﬁoﬂél aﬂ;@iﬂ@r IyithNRERGh-Mvditing inpsit

m xer "turther conprises: 1 a first transforner o
conneetedt withragfinst differsntiah thpes eoddasgcans pperatianalanplifiggwith its

non BBk T SRS LAy i g he mverng
inpui{M 8 tﬁb%&%ﬁ&ﬁﬁ&%l%ﬁﬂﬂeh iBoMmPsdted With slfictterhdnalaofd feedback

a one or nore fourth anplifier. 4. Thg . .
resistdreand the inveitingunpulosf tae serpnd opeeatianal eRplierispnnected with

_ eiting! il emelides ‘
a seQuAlastfA A fesdhobk SRS orTmry ™ coi | 1 orm nal

connected with the second bidirectional termnals and
saj.d seThadrRicroniotitcuitesfrilainh st , eveneinttbe onetdr raaresKfilters

comgﬂw@s;g p%SH gagrﬁ ,fgt[gr Qgsziﬁgf%{ ggéébo%%incsiarig H}stt fr%fqugng\} gbélctrum.

8. The electronic circuit of Claim 1, wherein the one or more second filters

comprises a band pass filter having a passband in said second frequency spectrum.

9. The electronic circuit of Claim 1, wherein the one or more second

amplifiers further comprises:

a video difference amplifier connected with a first one or more filter;

a gain-setting feedback circuit for the video difference amplifier comprising a
first resistor connected between the output of the video difference amplifier and its
gain setting input, said gain setting input further connected in parallel with said first
resistor to a virtual ground reference comprised of a second resistor and a first

capacitor in series to ground;



differential anmplifier. 6. The electronic circuit of
Claim5 wherein the differential anplifier is further
conprised of a first operational anplifier with its
non-inverting input connected with a first
differential input and a sekt®n® operational anplifier
wWth its non-inverting input connected with a second
di tial ] , - . .
r14 ffrEndling RAORURR firt Remiifificrrigied RV I bufpteot the
vided differerade arhplifidresdbas&cond tratinal comietteel a firsk ptimagy coil
. Input of the second operational anplifier is connected
termwiai)ﬁfag)@@@bﬁgll;taé}dm nal of the feedback resistor. 7.
The electronic circuit of Claim1l, wherein the one or.
movherein the toraidalosil fudher craprigingmeeganspimarygoil terminal, a

havi b : T ¢ .
first R0 ranEr SRR abfl £ G forsé Rionea LS e i Sgand
‘prim&Yy douterminaPeshriddtédiegroume; sarisfirst Sesthdaas soif tertnénal

havi ng a passband in said second frequency spect er .
conngctethuitie thechominveriing it obp festanarationg aéniliver gad sgid second
secaffiplid BEAER oA Rt AnE USRS eRARRpIES s Sotdiee

operatigreal binglifies; amdgai n-setting feedback circuit for the
video difference anplifier conprising a first

r et ah@eeshE dpbritivrl akipifier aret corinetcterl a¢ detifferential

difference anplifier and its gain setting input, Vﬂglakd
amplifier.wherein agesiainis cennerted bohteen the invepigdnpel offherdirst
operfifh hiffey B9 Y5 BtgH AelnblL bt e SERHPRRSR Sl

in series to ground; 18 a current limting resistor )

wifith a Ter electreniiciralit 06 Qaiot ¢ dustherhcarnprising plowdgiassHiter with

a cutglsedueney 8 e Sriep Pl aghe Smneci e BT isegpnal
termif8is! ancdPiifé YBhEi BiditdRiohal Rirdhals ¢ bfaf’él!'el Wh tee firstiraixagand

a second primary coil termnal, a i rst secondary
the secomd tréxeri nal and a second secondary coil termnal,
said second primary coil term nal connected to

r,qund hd L kst 4 ' I . .

oA oS Bt RRESTBh P b WFER S BT hor o0
nintharaét &llipticafilesai d second secondary coil terninal
connected with the non-inverting input of a second

operational anplifier; .sajd first an econd ,. .

o2 at T6 Hods Frarbot Bt olhatadinId et Rt difereptia
filter anplifier, wherein a resistor is connected between the

‘inverting input of the first operational anplifier

and the inverting input of the second operational

artpl i f The elearonitheirailitcef Claimct, ovhergin theffirel apgrsecond frequency

spectfrlﬁjrhts rc]a%%hcc%ﬁ%r%ssei g %luara!it?\%f%%%%\fléﬁatp%ﬁnd"}r%auency bands, and
wherein the plurality of frequency bands of the first frequency spectrum are
interleaved with the plurality of frequency bands of the second frequency spectrum.

14. The electronic circuit of Claim 13, wherein said one or more second
amplifiers comprise peaking equalization amplifiers connected to corresponding
ones of said one or more filters, wherein each of said peaking equalization amplifiers
has a peak gain at a predetermined frequency within a corresponding frequency

band of the first frequency spectrum



a cutoff frequency of the order of 34 khz connected
with the first bidirectional termnals and the second
bidirectional termnals in parallel with the first

m xer and the second m xer. 11. The electronic
circuit of aim7 or 8, whéPein said band pass filter
is a ninth-order elliptical filter. 12. The .
electronic circuit of Claim1l1l, wherein said filter is
a dbf f eThatelatronid ¢itait of iGairHd, elheozindiné peak gain of exich

Claim1, wherein.the first.and seco f requepc
peakiidh eiaiaten ARl el of Fegh JEIHEHEB DaNY BasedgPon
the il?:?)%@l'élﬁ@ébf E@iﬂg%ou?[&wo\’@_@rfﬁé ififrEctiInal &dridival8fand the impedance
equency bands of the first frequency spectrum are

of ariather lireacwmpled tdrthehseqoindrizdiregtiosfal faragualacy bands of
the second frequency spectrum 14. The el ectronic

2P BTGt aa e Bf R RREREh erminate
and $RERTNAbidife GRNALRPAINKHIS Gre ga@ﬁ celipfditd PRdsted paX lthe, and

NS
filters, wherein each of said peaking equalization )
whergimpthief signals df fhe firsh fslaugacy spectiumprooprisendemalink data signals

freguency .w thin r espondi [ ! . .
and e g or e G R PR e CERRR LRI R B Liogals.

circuit of Caim114, wherein the peak gain of each

perki ng healattrarit ichouiaop Cidinet, wiserddrt thenfinstrhitarrcomamises a

frequency band based upon. the i nFe,dag;e g{ aline . .
transfQfiaTaving pR@arY aad sscandany:Gadsiminglsyisaid RNEAY ¢eikterminals

- o . . t .

vein PRASCEA 1940t kR S SeEontry cof
termiGhks beihg cohaeeted witteahiR/2R hyhdid emtplemal term nal s

and the second bidirectional termnals are each

cogl eda elextronicsdieiitpgompriising: and wherein the

signals of the first frequency spectrum conprise

dawed bidkeéidral drefigdls; and the signals of the second
frequency spectrum conprise uplink data. signals. 17.

TherniRt fikérrinettddPWith t9é fifdt HidirebtioWaPle@inihdisie first
m xer conprises a transforner having primry and
. {nake. : . 1  nal
el it BbIfch Lot R B BRERLY, ot ' Ferm nal s
d id il .1 j I NGOl ted

e ARSI et ML RS Rt ee e
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termnals; a first amplifier connected vvith.ft he first
niadirst driver connected with the one or more second amplifiers;

a second mixer connected with the first driver;

second bidirectional terminals connected with the second mixer;
a third amplifier connected with the second mixer;

one or more second filters connected with the third amplifier; and

one or more fourth amplifiers connected with the one or more second filters
and, wherein the first mixer comprises a transformer having primary and secondary
coil terminals, said primary coil terminals being connected with the first bidirectional
terminals and said secondary coil terminals being connected with an R2/R hybrid

coupler and with a one or more fourth amplifier.



one or nore first filters connected with the first
anplifier; one or nore second anplifiers connected
with the one or nore first fiIters; a first driver
connected with the one or second anplifiers; a
second m xer connected WltﬁOt e first driver; second
bidirectional termnals connected with the second
mxer; a third anplifier connected with the second
m ¥&r ; Asreleciromigrcrcyéconprising ers connected with the
third anplifier; and one or nore fourth amplifiers
ccﬁrs'ebidifdct%rtdhteﬂ'rénalse or nore second filters and,
wherein the first mxer conprises a transforner having

pra fiest ynirérCesifeetstiwith thefitstibidirdotiahal tesmirshlgr i mary
coil termnals being connected wth the first -

b'éjffs%rffe? Rtial dnSIfeP 8bAndAEd SAtrPthestengiiet; coi |

term na ei ng connected with an R2/R hybrid coupler

eI ane %N&rJII Bofe ﬁ&? fi ﬁéE%ﬁJc9% thH?Iﬂsft a‘?{‘)p] .20 19. An

onifc circ I SI ng rst rectl onal

termnals: afir e t [ .
b1 6 BEiRis Spodrd hrrifiets CatihRRR Wit st drihore fiters
ifier connecte the first mx or nore
frg)éis‘tfjf'}’?re?@ wib e one andts $adoid ampifers! Toc
nore second anplifiers copnnected with the first one
ora seeend mpes connegted; with the fiskdr@anect ed with t he
one or nore second anplifiers; a second m xer
c @ecend didivdationahierminals canneeted wWbcibesasomdraberonal
term nals connected with the second mxer: a third
arq)tﬁirﬁiampldfmrwunedtediwihhthmse@‘mﬂmixﬁmer; one or nore
second filters connected with the third anplifier; one
oronoEembmusédorahtiitars iconaeciadneith d thindnarnpbfiene or
nmore second filters and further connected with the

f igrie omin®dRS fourthesrdplifiéreeohnesteddiitit tHeeohé ar naove! sdcoad filters
conprises a first operational anplifier wthits

and fagher aorneated Withghe ftehme®ed with a first
differential input and a second operational anplifier
wivitreretrsthedinst ditferaritia amplifier compdsesa figst epefatieedamplifier

with % R Ryingsf Rdbne 8RS WA e BRRaT LA BPUE fcon

oper&tieiaahphaer Wifﬁ|lﬂsfncﬁf-lrﬂéﬂl@mpnt/e@ﬁnmed witht a sbcom differential
second operational anplifier. 20. An electronic

inputcand whereipra faedbpek desisiof iceprnadGteh PrEveen an Iaygting input of the
first (i)%?é’t{}gncﬁl S ;ﬁﬂe?%nﬁ 'aglniﬂk/?ﬂi?\ghﬁ?wnoﬁhg's@cbﬁﬁadﬁ@?ﬁgotr}]al amplifier.

ephone Irst si
20.  An electronic circuit for independently conditioning first and second

parallel signal paths in a bidirectional twisted pair telephone line, the first signal path
for first signals in a first frequency spectrum and the second signal path for second

signals in a second non-overlapping frequency spectrum, comprising:

in a first signal path, a first mixer connected to said line and to the second
signal path for mixing first signals from the line and said second signals from said

second path;
a first amplifier coupled to an output of the first mixer;

a first filter coupled to the first amplifier for passing the first signals and for

blocking the second signals;



for first signals in a first frequency spectrum and

the second signal path for second signals in a second
non- over |l appi ng frequency spectrum conprising: in a
first signal path, a first nix®r connected to said

line and to the second signal path for m xing first
signals fromthe |ine and said second signals from

said second path; a first anplifier coupled to an
ouasecond ampdifier ceuple te the filter fos amplifitieg therfist slgnals:
the first anplifier for passing the first signals and

f oand iin theksewpridhsigsalqmaib, 3 sgoand mier @hnectastiorsaid line for

.amplifjer couple othe filter for,a ifying .th
mixipg @@np@ﬁa£§$f§9n§ﬁ3fqmmn1%ﬁf3§é@m PaihgriiH SeeqrRT signas from the
line-second ni xer connected to said line for mxing
‘anplified first signals fromthe first signal path and

connish 2 Rr sl 0 fin AR ORAGSLLORIRICT B g

filt | ed t he.third 4 . j

se5eaof JRar Colrle 6 g1 KRt prfind TRt Gomals
and FSHBI6&ki a fils®ki )led to the second filter and to

the first mxer for providing said anplified signals

L 0g b gﬁ-ﬁ)tlifigf* a%lgﬁ'ﬂ%ﬁ:ﬁ%@édﬁﬁ filey 5 thifir&mixer for

connected I'n par the first and second signal
provjuhind saidoamplifieddsighgisdbghe first mixiegeartd equency spectrum

said first and second m xers blocking said third

si gttt ldw passfilter donreictexhih paratieldvith theafirspatd secand signal
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bnocgig'g%avd){rﬁr% éagﬁgleerw s%&egﬁﬁi WAH 3RdoRe kRMal pats. fi 1 st

guency spectrum 22. e electronic circuit of
G ai m 20, wherein said second anplifier., conprises a
pe2ki nheeelestroniat dimuitaftiain 20, whereip said second frequency

freqguency- dependent. gaj i . '
speqshBAOHPHERE AL BtisR AP el yBicBTE o BRc] sEkefum and below
saidﬁpﬁ(ftéqu@ncggpeaﬁ@nﬁl ectronic circuit of Caim 20,

wherein said first and second signals respectively

conprise downlink and, uplink L signals., 24. The ..
el -terece'@pVenmc'@u'teeé?'ﬁmgﬁ WheFen saicksepqng amplifier

i- ri . i (3 . . oAt . .
com@ B poERARILT Iz N aRIANE! havea A elpyicentgain vt
a pealegﬁimlat & prpdstepainkd fregyenicyén said fistfrequency gpedtrum.
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23. The electronic circuit of Claim 20, wherein said first and second signals

respectively comprise downlink and uplink DSL signals.

24. The electronic circuit of Claim 23, wherein said DSL signals comprise

ADSL signals.

25.  The electronic circuit of Claim 20, wherein said first and said second

signal paths comprise differential signal paths.



