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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 cther. This limit
is the result of DSL vendors’ utilization of the existing
unshielded twisted pair (“UTP”) copper wire network that has
been the mainstay of the telephone infrastructure from the
iﬁception of commercial telephony. An 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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data rate that is competitive with broadband cable. The prior
art has been largely based upon repeaters which receive the DSL
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
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“direction” distinguishes at which end of the connection is the
transmitter (at the CPE for the uplink, at the CO for the
downlink) and at which end is the receiver (at the CPE for the
downlink, at the CO for the uplink).

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
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downstream channel, thus comprising the upper 218 buckets. As
UTP wire line increases in length, fewer downstream buckets are
able to carry data, resulting in a reduction in downstream data
rate. The data rate is negotiated between the CO and the CPE.

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 ADSIL 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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an unshi el ded tw sted pair DSL connection. The
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signals, typically of a higher frequency than the |
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conditioning. The downlink signals, typically of a higher
frequency than the uplink signals, are separated, amplified,
filtered, egualized, amplified, and driven ontc the UTP
connection to the CPE. The uplink signals are separated,
amplified, filtered, amplified, and driven onto the UTP
connection to the CO. 1In 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
signals 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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connection to the CO In another enbodi nent the uplink
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schenatlcggf&e%u%l |zat|fon anplifier AMPI. FIG9 is a
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is a aFAtU&Twhi ch separ at es
FIG 12 is a schematic of amplifier AMP2.

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 INVENTION

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 frequency 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
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voi ce signhals are not grocessed but instead passed
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fi ter ar.e needed for, the upli nd for the
and £ dhd SRRSO DS A [ isd M1 ter for
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Bi-directional Differential Broadband Equali zi ng
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connecg{?ec?%t\ﬂ acl”fg fd‘dar qptdr?é esﬁcgw > R¥frerential 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 i1s 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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to th&ﬂé@ﬂlﬁﬁlaéndlmﬂfl@d) MyXAM’E’ﬁ Hé 6uphipik nsd @Ii&jr&lflr@i]nce all
16 on I|n .456 nd 458 with the v0|ce S|gna
of th PPtdd a84TERg. 60 ot is NEXERE Bo0 e R biockdn, Tae

outpspl iolft ®REAGIP18 42X €he §8DRAGIENT HRAN i @AUEREY,RRRY p1ink
and to which port of M XER 400 each signal is
signgdpiisedlosif igengt vt hé gdewnltirak $hgmalfi $hleostowririokglsignal .

0 K 0] n the.next sta
e Mo 08B Rt HOLRE S SRS el
upllahdsdgﬁalPREANBb #Q2TERAVides iappeexenntel ¥il2eaboof the
[ and to the residual

.gain.to the. d |
o118 P el (b AWPS §55) TARLFRR SPURMLT KerRgesall of

t bacURhbOk éfg@ﬁtTEﬁln@b4C§§C§bhﬁgc9¥dwk¥gﬁlt%e oﬁkput of
t he out put of PREAMPI 402 the voltage | eve

PREAMB%@ﬁ@édbMpﬂﬂﬂRSsﬂ@ﬁaﬁnds4éDgnlTheaaugyahsgheslghad the

0 ey mnl k The k s
frquQRE r£3égr|p9 e ?B i agﬂgbﬂy E%ngpFFntﬂglﬁﬁan Tﬁﬁ§d and
therEIthRho4@ﬂgh§1Be§Q§ﬁgh@dfé'f@éq@éﬁc&hﬁaﬂﬂlhﬂ?hékgﬂﬁgt that

avi ng_the desired downlink signal. The inpu
of tep gemRnlipk P%néonnEEPédF%%?ﬁpihéoéutﬁu@ bigPREAWPIfllter

whoséogu9¥fk'ﬁ ﬂggﬁe ngs4ﬁ93t Q§%§%QP§ figsi gngd %Fln%utput of

freq uency ow the downl i nk 'S the up
FILTE&hd4&ﬁdthheo&lgrelgna$|g@masnaﬁglgﬁeﬂha floequenkysignal,
band higher that that of the down|ink band. Thus
the BT eR 2h6he | o et Gt ot LB LS Codni bp v the

downfI€RUENENAI S | TiBE @@&@M\tl@@ Khzre®d ihe Pé‘tpp&gné’éTed with
FILTER ~404 the only signal remaining is the
the kpppgl totMEPLpt P mkoSi fhegs b beidg! 3bpr okpreeelya7otp 6 db

o e R L Tl B TRk 5 R o] HER: 295

aﬂde4ﬁélmaﬂppﬁ@xcﬁdsmtleiryk Gsinof idhearglowntisk StoRd1yShHy a
| ost through FILTER .  404. The renalnlng downl i nk

peak%ﬁ%rﬁﬁu?%ﬁ%ﬁﬁﬂ?q|%ﬁP%&#%ﬁﬁﬂ%MQﬂ/ 6, providing approximately
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 frequency 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 BbBEA 100 is placed between the CO and CPE, the

peak equalizer's set frequency and Q for the downstream signals
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peaki ng equalization anplifier AVWPl 406, providing
approximately 2 8 db to 46 db of gain, dependi ng upon
wo c@gloensy. Equalization is the i ncrease or dePCBESHODO24576

si gnal strerﬁeh at a certain "set frequency” with | ess

in opff EEPO8t CARERFERGiSe S O TA SgEaR leqddisrz@t ion already
caus%@plgf% 2 %&i%k% d%&'%ﬂ%@ EQ%eS% g&%qggg%yt%ndc%%he 6he

rang frequen0|es close to the quency
BDBEGf 1tile desl giresetompiehe awiedt [foaf thike abandighted signal

fre uenC|es that wll be anplified; it _affects the
atteP&ﬁgéo8f L el ﬁc@§§e§F§UH§ Wﬁéeséﬂnﬁréﬁﬁéﬁ@yfﬁﬁﬁtthe BDBEA

100 Wol khRaveran @BH%O%bG%E%|¥h%'@bhﬂﬁlﬁ@oﬂﬁg nals to arrive
anplification. Equalization affects the dat arrylng

at tai CPEymoflephgrisuekeesd ibecause it changes the strength
f d t al
( PERLSREEOLP oF) AbBT, HURGRRER Boo T JRacedste: meeirc pad mot

frequenc
stro6 anduGREf ot baeqaakeegualrmer UgpsetnbeeqeeneydandsQ so

. for_the downstream si gnal sin one enbodi nent
llnec%ﬂﬁeﬁ§a?8§nﬁ8Fe§|@ﬁé Qgggﬁﬁétﬂ@ﬁfaWPéﬁByl€§€§é§e§ySlgnal

stre%%BEz§§@Cb§095d@%r§ birechengt b fégghgﬁetgnhﬁgE%Be4lo on

00, and pre- conpensates e antic
lineéi@ﬁélaaﬂtéﬁaatlon fromthe effects of wire I|ne

I th f 100 1he E. Thjs_cause
o PRk REP A P BRare=: 87 e PFhoSuE ERe EPEZRofofhe dovnlink
signple- eg@ahsgegneaheooatﬁuth051§®@% 408q08nkiN@aAQL tBan the

singl e ended and not strong enough to adequately drive
upLiyrpS|gness 45998Ad 1 28410802 hflner 407onBeBBARGC e i thilized

es and
onty BRVERL dhnopoiel Logresscs.sl onslstigmulity .,
equalBgatndn438d pneenemeabsdt ent ateruaad ABGLnSYSt €M all uplink
Ee downl i nk si?nals are assigned to a nuch
and %m%%§+n¥r HEEREYCY angedt han the uplink signals,
eqtiatbkzal i ONc3Ade PE §- GOAREASAL &9 gﬁn%yﬁéklgﬁé oMb ¥eQBent 1y

the downstream signals. In another enpbodi ne
the %&@aD$ham®©ﬁma@m Pre- tompensal | ond at @4 usethos hiostiotoming

coun E-CRL 4T, 0 dgaLi ok Iy equeney bands, M X2 410
retr&ﬁ&hiﬁiedﬁwﬁﬁnﬁmbLﬂT?JIimﬁhé5ﬂr@ﬂdtﬁé4voﬂ@@ssi&ﬁbls from
llneé 460 5%% 462.

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, FILTER2 414 is different from FILTERL1 404 in that FILTER?
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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downl i nk signal has been cleaned up, anplified,- and
retransnmtted via the UTP, along with the voice
wae@gnalz3i¢ rom | i nes 460 and 462. I n one enbodi PENUS1005/024576

~an ADSL application the uplink path th h t BDB
tfan&@DtF%dnE%rFQei@%n@?c%TPtgl$%%tE%@ ?%%rggaml?ﬂgn%aYE%h the

voicdNEi GhL{erencas: phesthal AWP24446 1s not an
equafization anplifier and there is no driver stage
bet yeRh AMP2a4d 6MENERM XER a490idant boadl ¢aciohs. MIXERL

amplifier is not necessary in an ADSL s emfor.the
400 h%lfﬁ?lﬂ??% t+83n9Bkth Seo¥%es%bg%?gf%%q%§%c§répg%%?um
reco@SSL@NPROt c6AHSESohALn Y PHEPKL BE ONal SMERERDL 4BFper i ence

as nuch signal |loss as do the downlink signals. Also

FRe TERRIA AL P SFERT ber bhe Peont FYETERE B693F#vehatonals COp
LTER2. 414 i | s filt filterhng :
and Giiarink &7kt O Y PEZorrTT Breehts anl Pnobtad¥hng @
11004k4z6sigdhe fiEnabrsiagebynthdee upinek. di ReBElohragsformer

oo EE41E prong abbr o el VR 1852, ol
effegggégg?eﬂig¥kéaﬂﬁgjB&egot9OFQEZC§B$BeLgf§hEE§S 420 8Rd same

ong wth the voice signals from!lines 464 and
time466gnM XEREpdp0anddAMPXER2 4 10T asentdeénby cAMPEi f&hi 8. Lines

M XERL _400 is explained.in detaijl. ' La_th
456 gpd 5%?IaFe%o§ﬁF§egf%§ %%Y?éép%%é?n§9§%§g:#éggotﬂe °
downM XERR 419naRetenthggftomFtkeSoutphie postranefamder 500.

negative signals COp and COn on |ines 420 and 4 C
The i?gh1§h@e ] Wﬁénéﬁ?FW%rdEOQo(iioﬁl?N%dS?QnEFGi5% Fepresents

| y seclin rans 500 i
e SREELAEDY L0558l Lneaan GrBhoh {gusiet, SO0 sokaten
signelf ecBuvely blecksephesduotsotBO Khimgoyceidegnéls. At

CoanARRET A3 Bro P R A58 Al Hb0L AT UGF§hi GhOIGVSI obve and

AcpefUChThi ghet thanqhhe dewnstreamsioral 400mhng fIrRARLhe10;
out put of transfornmer 500. The |left side of

bothtiapstoanérQBDQutasthee“@gyiﬁeﬁi@jgiynr@ﬁrggeﬁggepﬁéonality.
It iggaﬁggﬁﬁggfbﬂgﬁgfgﬁ?tEﬁgé Qﬁggro?stégﬁgf?%mEPeSOOr§resented

ut | al SO represen € prinm

to tBkdeooftlastlanshecnethas s€enhbyCOhengaapli LDedphms, an

. upl i nk signals Acpep and
industry stan

ard. This 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 PREAMPI 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.

10



Acpen. This is the dual nature of M XER 400 and _
M XER2 410; both input and output, the very definition
wW@Roobio1TB86 ectionality . It is inportant that tPEI/US2005/024576

i@pedance of transformer 500 presented to the CO

PREAMEIS Q7 rpace P REFAEE 04 h e me0 2 il ar tios Idhnsi dent ical but
iHdustd; andard.; Jthis d | she .

may'resisf%¥g§%&con dﬁggndcg%éggegg%k%§D§g¥gi§§%i8ﬂn%%at

undetrfed aypl ithle sisgnalf GREAMES g IChef roni iy siederdfption.  The

. transfor 500,, A capaci t.or oac 506 bl ocks any dc
tnput, Cbﬁgﬁgﬁﬁpoﬁﬁﬁbﬁﬁb Sﬁéﬂwﬁﬁ%cﬁ¥i éﬁ&eEHFy426' the
outphrcanrst ormyeR1500.0 . Tr anshorienhoa0Q eulPulisnt08 e A1) the

are connected with an R/ 2R hybrid coupl ér 512, _

downddpr isdedadf Plesi sodes IRINGep 1504 UPRliadn s31821R2cdH 158 stage
op,:5230. i 0 r. cayses an

FILT?%grg@%n&ﬁgﬁyIgﬁﬁg%rgg%c#%%%lpg éi&ﬁaﬁngiPéQG@&’oPth@eeds
goodumviamizéd stpleingk hsitgnalo raf wiiké , mrxed shenalepr esent ed

to PREAVPI 402 on |ines 424 and 426. The val ues of ,
ampliddicatdry By FREPHPISE82 - andRE2YPar 4 Okot scai diidflerential

168k ¥ ¢t heip or athiba 02514 JNem nal yalues .are t :
e ianfG ST.eR%fgrengﬁ FolEIG ég,kgétgi iﬁgébfggg%g%d%% lines
424 PREAKNRE 482pPREANPEJADZ sndnPREANB2t#ER &pethe non-inverting

: rchit ural ly i.dentical .but nma ave.different |

lnpuga%%s?%%%éfé F%IgggiﬁnghgogrfeﬁP¥F &H8&V3taﬁhetﬁ§lﬁsgf the

amplaff 1BREAVB2 c4h2 rbnoeyt biys rdeseript kreBisThesi RBUL pt 804, Rcoin
e

PREAMPI 402 is the signals on |lines 424 and 426, th
606, panpguRces MPRERIChgonanptachpsepoPnEPeERéEsFghaAPN for opamps
t ahps opal | [ | <pl.u i pi .
S0 B B phngr oH pEeRr 208! EPE ReRORh AT, Ballss for Reot
604 ghd RemannbAg.upThekrssghaingbytineedsogondrBEgMal 402 is

strength t k wi,ith, thus_the need for anplification
=ppr L BREALH T3030 " PREARRI SA3L1 o58 G FPBr WhLT aPRFAGEL 902 and
PREABIP! hipeto THeuPBasgatekatppNshi Bobst Meen Lhg,rSi 9RALS

on lines 424 and 426 is preserved by connecting them
diffepephéahonutnvertingsi Aptit ohdafpli diersos0echad 602h high

r [ Th ain of the anplifiers is controlled
passbgfﬁgé%bggt¥?%%ig?%fs Rcoi p 604, Rcoin 606, and Rcog

6PBLTERE sanmuf actnsern’ snspeeiflcahi POGT DI 0pANPSe 68@bodiment

eruoff §07 shoul &, be, consul tef Tor, recommended vl ves tor *,
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. FILTERL 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.

AMP1 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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604 and Rcoin 606. The resulting gain through PREAMP
402 is approximately 12 db. Care should be taken with
WEREAMPI236102 and PREAMP2 412 to insure that clP@pPUR05/024576

does not occur..The differential output |lines 428 and
dete4®0ﬂ§ﬁep@énﬁé@té@lwﬁﬂ@nﬁhg@ pass filter FILTER 404.

FILTERI 404 is shown Eg(ggg in FIG7 . In one

enbodi ment f} ), TER_ 40 inth order elliptical

filter. One sklf?ed7|nR&mp(§%% mould know of ot her

sui tabl e hi gh pass fllters The i npl enent ati on of

FEhEEBbakO@aus fiekgaehtiycalf, tﬁelylabatd@meeuéacé ﬁh@nlfler

pass filt provi ding strong attenuation of sig
800 D3| G 284 RkhFORFERLLFEL PY GRPAG | 5PEeRIRPI HBabo%elmak gain
t p 0 n.,¢£0 b , w@nd
e e o e or | hhedance St chag. CELLYER" 46 j 4ne DSLaM
at tbenfAécead %hEhCPREAW?btiazevlhelda@s 428cahdt#86n fhem

ou t of FILT RI 4 432.an
Theycg%ggc FRG W ?hio iNﬁP ZO%thlgwﬁgaEPﬁﬁets' where
therequalﬂéablmﬁsanﬁhbﬁleﬁ tﬁ@f@ppéﬁgbh@kgtg 8whitheakBPHEsigned
ignals fromFILTER 404 via |lines 432 and 434 are
hlgh@énﬁé@ﬁé@nﬁﬂ?ﬁ alGraEeiapiy ek BAcReakpPprinefregpentrein one
foyui c I ef . LS e

o R Vol { e on T A5 B6a0TL he Bba et ohEaderda arenthe
downgtoaam bdhé.gai n i sdeterm ned per the relationship The

p frequen f the yvideo difference anplifier

BBt 2 PronEibe CobE Tl Foluby ' Capactetr TeabBLB0BoTTRECNE
valuB§ak gainyéreqyensy. gegsadonnrassthe,yal uesphs Cdbp,808: 135

goes up. The DSLAM at the CO and the CPE negotiate the
Cdbbgat a3raF eahét Rglen ihehd Gh@§ wi Peapagkinoss af 886 khz and

t e, Loyer ucket where there | ess

the % %m?ﬁ %Quppe¥§bucket§ T CAAT e g%%i%ﬁ%dtﬂlék oF we see
in FiGeysmnches. tiecosdi nghint heepeakcgal s fsegrencyoi 871 khz

one enbodi nent |s set somewhat bel ow t he hi ghest
with ¢} BobhcydP9¢ hjendwlﬂléa%b‘&nd Censuse by esemirging Rdbb

I r,yva o, t.va

10 Gore done W R A hara ale R TR P HE A Ui the
frequedy nftansl RdbB0d skit) alhmsth@e@klrgalsﬂ iscada 8095 khz48 db.

The §g§ﬁ off of gain at the peak is sharper for Rdbb = 5 ohms

than for Rdbb = 10 ohms.

The output from AMPl 406 is a single~ended signal on line
407. This signal is presented to toroidal‘coil 807 of DRIVERI1
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 MIXERZ2 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, DRIVER1 408, the maximum power
that industry standards will permit on UTP lines 452 and 454,
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the maxi mumgain is 43 db. By changi ng Cdbb 808 to Al
nF we see in FIG 13B that the peak gain frequency is
WO owenE3¢ 0 671 khz with little change in nmaxi POUPUS205024576
Conversel y, changing Rdbb 810 to 5 ohnms (with Cdbb at
and gowhEffedid vedy itheFRE/R3bviar Ceeptheaqudandif *siRay < 1dx can
5 z § i 040:S .0 NGr d 4 : | 1
redufpp b ENErLDR PEMDLIDY SIGRER A Bl ity TR R 14 e
provtiblen AMe2 RdBb w2 th0 sdkyme.l sThé eat put: hier dwAVRN k4088 gn$i1& have
on line 407. This signa

i ngl e-ended si gnal . | IS
beenﬁ'@@%@ﬁ@é&qyo 2ot a4Pcoi (LRGP S0 PIBRAVERN t468 Ph AGiGg R nd

DRIVBRGUUDENG rbi BohirRgui-esi $50h Bd38e80%0 - TR FPUBROSE RS Ragy 814
toroidal coil 8077is to once again have differentia
per si ghaks, Theéctecondar pagf beonsiedalocoiohf8@Trpr ébenBHBEA 100

i fferenti.al i.gnals to_.amplifiers 81 d on
for glﬁe§p§f%féﬁd é%??nﬂﬁﬁlnggr§E§1§6aﬁ888%gea§é%rheAn example
is stbiwvers fFoc WIP | Fnes1452samd 434, insthicaupbhnghat is

rovided by M XER2 410. The_opti mum value for the
13f5§9e¢§r9|t garn &PeaVPl t206h8nBPBRAVERD - 4080d8pands Lapsn

varitegghg%%a%éga@szsmf £Qm tbﬁggg%edtbh@hgi sbance Lrom 500 feet

E. Additionally, ere is an interplay betweenh
to 1Bhe0f§aifmcbf ANPr 466h DRsVERCe408¢ thedsaxi numrpepending

that i st standards will pernit on UTP Lines 452
Valuﬁngo£5§g§ﬁdgﬁamﬁﬁfE@EPFVS@yaPHeﬁgégRgﬁébdece_HBPeF'inThese
valudbXERZe4hBepanct edieRebhemyIaRh ey, dowph s NKe 8k BakBe trade

such that FILTER2 414 can provide MP2 416 W th

off Epghars WABEeflAsehélddwnl i nk signal s have been
a e atte n j AVPl 406 an
e R AR8°Le OUBhE e Ol AR EPR e e Ve £7898" 36 anc
438.andIRdRY 814 pessaschaetdowmhi Chkchaghalmytbevupedites 452
onfigure the BDBEA 100 for the specific, distances o
and {3 niEhed ot hRRCt he EPE. CRR BX@FPpFRSi 3PSHbWAL i n Frgaddition,

i cdbsi 4.4 S apghnstal habi t | 5,185 :
vorcd i NI oh e LA SR L0 B0 e a2y 00 Lo e
the @TBt dhees {vonandied BDBEA 100s tpoiie CRE sfdenoB,@00ER2 410),

rhus et to 13,000 feeéi FO{.eaCP dis%agce onefféndsea :

ci8t FRSPBHT ny VP tie For - Raf e 81277 ebPunn® BV ahic® Rabignals
petwddd tie Gob Ui Ghe TheSe Vit wes2 heve beede sed.eea ned
funcgg%iéifﬁ%é!&cgfﬁﬁlggrﬁg EéP?Z}rgﬁgzgh 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, PREAMPZ2 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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off factors just described. MXER2 410 is connected
with DRIVER 408 via lines 436 and 438. M XER2 410
w@awsos72860e downl i nk signals to UTP wires 452 pemudsus/024576

whi ch extend to the CPE prem ses splitter. In
ther@d@ﬂﬁu@ﬁwwV@ﬂ@@nﬂqymﬂasdﬁ$uqn@e§f4@01@dem@2 dgridter one

i aII n the SUTP 1i.ne nd .454 .at
Skll&lyis 1%0 rli%é %&t grﬁge ovf(‘whﬁl )%ERZOEf(?)eSt%f?lSJS p%e ent values for

servi

thlst@eshgﬁlee@ts@@mn com@%@@m@msoQOWQI®®2s|@@aISah@IWEﬂn
the CO and the CPE. M XER2 410 is deS| ned and ,
selefiifich fon®redenti cAPRfarGeMTRERN 129, t RotgiRebildudisy

conn%%%eQOWﬁE%n@M®ngQ% kg gnQw JQQSUQWHQEQQSSMQ@aEn@nqSbhe At

uplink signal is the desir signal to present to
the @REANPZO&lEILWERERZ141®hesuowaneededowmﬂhnRREAMRz141%

apprﬁ?&ﬂ Fsgyu éoﬁg %8@8WI§§F t5+p at ﬁﬁgﬁgégpzTﬁézgg?n of

thﬁpgmmlarea@pbhbwargnnayebgzdl fikenemt aneachiahgi-Ag i et
to provide as much gain as _possible w thout clipping.
amp 1 pRERKPE O] F SRS OBEnREEVEQURILY h eFPLFER2A414 1 RrPvAess 6 db to

26 d%4§fa§9ﬁ$4g§t§%%IE%%e4%§ap§asSBPE? 89”&%%@8F4%§E d 450 and

1S a ose cuto
outpfitequgneysi snj Usheabd®é iﬁa kB2, WThechesaukt cbankheed with

urceB3STbIE, SIS UPH A SLA0R! S0l Lot Lenuatt g the oo s

not Aedeeqel l kBt ¢ak EbhEeEOHEQQHth@§a§QEH Ethggklng the
404t here are many alternative designs of a | ow pass

overpilltepionefskMPLedOfnanAeDBEVERI ght 6ehb¥B2 Slggestadis

- e : or this_de n_are sho tors
dete g Ry DA e I h 00T En e S b fr By ALC MjedaRgesach
distaﬁtehtﬁgthElCFER214ﬁédISnCOGm&ﬁheﬂ vhéhe AMP25416c¥Rended

gnals on lines 448 and 450. At the output of FILTER2

Valuﬂlﬁftﬁ%dﬂnaéﬂtéﬁlﬁo%ﬁprnk signal is approxi mately 70
08nbehovehBsasREh bk sbana stéwg’%é&ﬁ aspsnewna Ll Fhéhs,

2, s not an equalizatio rer for reasons
wher@x&vtb@séylexalalnedllty pfoupﬂeskbaﬂ@ foo26ddbndbink bands,
I nes 448 and 450

a e §LD bebveen. (e, Loput o1 gnals.on e 448,200 450, cerving
agaigoppeet@dsW £Br a system with two downlink bands (“m” = 2)
one embodiment includes a FILTER1.1-1 and a FILTER1.1-2, each a
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 AMP1l 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 1104 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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M XERI 400. AWMP2 416 has enough gain such that a
driver stage is not needed. For the sanme concerns
wa@ledoaioh2a86 i n setting the overall gain of AMPI BOBUSIWAS/024576
VER 406, AMP2 416 gain is determ ned enpirically.
MDA T T T TP OEET BT o el i St AR 61 § oL HEACT
conkFE dd ShEch [ #640] M AL hes® i s e psomensed val ue of
Rudg 950 (FIG 12) . In one enbodinment, for systens
sUete axkiApies 2l mrighe/D8Lls, winherwide tdterred i this plurahgemyent may
0 ' /_ar..downlink .bands, a filter and an
be ealrr%#lp(#él({e}Ft?agg%prao@?ldteroalf%rn%n&eﬁ bo%&pjﬁerf]%r?‘r’f%fa%i%ownlmk
freduefdyGrEandd orim @ysteadb oM tntertwve HOWH 1 ke baindsa (s dr &
2 { one enbodi nent includes a FILTERI. 1-1 and a
assigrefbRy freqiengehap bl pass a9 2t ors tHeoassiqrsd to
£=aG; idter t S te i a .
caui\éarrpr%% I er rh\/\k,;'nloelsese'L glpalr? E;JiLnLHo]S ép’eatﬁ%gzj\i%%ef %efglﬂ&e%ceyrblesa}%lunrged
equalgrz itrfee smpdduaines rared wifed .nt émrestnotileG Enbidd iusdrtatigsese

. how each anplifier ,is configured. 110 receives
Slgnsalqgsna S &%q%rheaéqol% Sd M T2 %S o(ﬁ?%%fém 28y Flps) to
comphh sdescridied Hom itdie ARy emodigmntaref AMR 406,41 st t

Rdbb.| 1120 and Cdbb.| 1122 are determnined for opfﬁﬁnﬁ%ce °
the {equency and gain for the assigned band. Opamp 1112

r aceives Sigral n.li.nes 1 n 1 fromElLTER .

qul eghﬁgt opgﬁ%ﬁiikﬁﬁgéséégéé%tgé£&%%$%ﬁ%%é¥%¥%§ gTP
Linegi feemwerhn fthequeneydoand tipan tlesehdk eparp a11HY dhe

... 0pti I for Rdbb.2 1106 and Cdbb.2 1108 are
Fi1tGR FaOINt Aaf POFSERe "56r FaSHORdI Ag COBrpRENES tHoie
circopamy b¥1QneThepresulbi.nggutRUke 16l gld ewiRgraULHENL ¢

, limting resistors) of these twoanplifiers are
1llugsragetedn FWGt RO, | hdosol, onki skildefurinhéhecamteotiéd know

' t or ol il 8Q7 in_ DRIV 408. .One skilled in
ot S%hégggt5%#%?hﬁﬁggss?§deﬁﬁFsfé??%ﬁggﬁéﬁgnﬁay be
exhesded DgLaByartbikr ang Buaber ofpupki-Bk aBddbd9tated to

downli nk frequency bands. In one enbodi ment the uplink
downdilgKapd9aréSagsrgreatactr 6glieAéyUBRNY1L6F dbgAgHdcrligt to
1ih® BigRaga0UgRh, LR CRUSE A 1 essi.9pgl Lo Lhus :
SR one og Tor & peaE?ﬁg§§q§8|?§F§§E§§%|F?Fe?gngegéggaﬁsrn Since
the apéthéraedbddivngénnkt hégeassgaabssapergtudntasobhplifier need
not g%loxr;iateagemggglrvgﬁzf:ffg’ersl:l, ngm]?;l§/oan equalization amplifier

in each UTP set, with DSL transformers for coupling if desired.
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conpensate for the high frequency loss and / or the
di stance to the CO In one enbodi nent voice signals
wae@oprrdent on the UTP |ines between the CO aPdI/UB®05/024576
CPE. In this case a low pass filter FILTER3 418 passes
We cflpamgi gnal s around the active circuitry of the BDBEA

100. e . FLL 418 s ikl lustrated in FIG
18; tﬁgagéaggé%gﬁﬁflggIEE§Fhe§g#?r%fFﬁaknOM/of severa
al ternat fyveskowipasectibhel desingnalskn some DSL

systens one set of UTP wires is dedicated to downlink
signal & ARdShnBiKEr SERNEFLEFPYW PeslPstdéditcRied ot ional
UEEEHFnéhQQa|S- There is no provision for voice

signals. Since the uplink and downlink signals are

separ atefiirhe ampliifier nesdenbedprovhdéhe #Aixet oixer;

filters, sinmply_an eqgualization a ifier in.each, UTR.
set. wii RIBSETT FaRsT ot ere tbr Stounrrrgerr BaEh Bytgirst
chapMt fler;An el ectronic circuit, conprising: a first
bidirectional termnals; a first _m xer connected with

the fiRsPNBj BFr BEFPoASFONEr AtRAL§1eracPPR8EtaRplilthefhe

C?FQSEtSHeW@}hméQg_&Eﬁggrgtxer; a one or nore first
fi Wt

ter connecte the first anplifier; a one or
nore secHndsanpkifreer coonnettedwnthhthheofier st mnecosecond
more filters; a first driver connected with the one or
nBFBLLEEBRE  anplifiers; a second mi xer connected with

the figstecdbhMenixarseenndchbidi wechi onal rieeni Aakiger;
connected with the second mxer; a third anplifier
connectededbtfl Pheisecbadnmlxeprnanahe 6PNHBFESSerdhl the

fi cted with the third anplifier; a one or
n%%égﬁguﬁgggghplifiers connected with the one

a third amplifier connected with the second mixer;

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

a one or more fourth amplifiers connected with the one
or more second filters and further connected with the first
mixer.

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

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

a first transformer comprising primary and secondary coil
terminals, said primary coil terminals connected with the first
bidirectional terminals and said secondary coil terminals
connected with an R2/R hybrid coupler and with a one or more
fourth amplifier.

4. The electronic circuit of Claim 2, wherein the first
mixer further comprises:

a first transformer comprising primary and secondary coil

terminals, said primary coil terminals connected with the first
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or nore second filters and further connected with the
first mxer . 2. The electronic circuit of Claim1l ,
wo ewobloen23€onpri sing a second driver connected PEL/MBINS/024576
the fourth one or nore anplifiers and the first m xer.
bidiiectﬂb@aélaetmdmbdscbmcusmi@fs@amm@ary;cwhér@ammﬂnals
irst. m.xer furth$J rlses a first transfornmer

Co““@&ﬁﬁﬁl¥ﬁﬁ G et é%&ﬁ&&#? 6 Ferh faldie oFi Fore

secoPld BBiYeGQl | tern1na|s connected wth the first
bidirectional term nals and said secondary coi
t &r-ni ndlhe edmnderad owicti can tRZERCAyBAI d ©dupllerimadd wherein

the\ylrsta on%l%ler L& fo%r%%eQW%EH%ﬁeamgilflgqe

elrectron citeuit of n-the first
mexer ﬁu@taeéccaﬁnnbsesrca:klb$tCﬂ@amsEomméme1n the
conprising primary and secondary coil termnals, said

dlffﬁF?ﬁﬁﬂﬁlCSWPlﬂéﬁﬁFnéFsfB&ﬁﬁ@&tQQmWFﬂﬁeﬁhéf a first

operkithidhRidibpeetirqaal E%h”h@§|§OQUQH%@k@1§%CQQQ%EVC%%'ected
termnals connected wth an R hybrid coupl er and

w1thwatﬁlasandléﬁem@né1@écon@udraméra Secomdeoabe@tn@n@d
ein the f

ampléﬁﬁFFfWégauété g PféPgﬁF éPgaﬁBPFFuann§Cte?h¥lth @ second

dlff@&@@tﬁ@ml@n@umcuhbr@&nckaennav@he&agn1hbatdbﬁfeh@nﬁu@%t
mplifier is further conprised of a first operationa
Operﬁﬁﬁppﬁ#eﬁmﬁﬂﬂﬁlﬁﬁslﬁoﬁppﬁ§éF?ﬁn@ltﬁpétfééﬁﬁe@?é@l%ﬁﬂhOf a

feed%g%}{?%s@%&%?rﬁﬂh'%he'EHGErQEH% 1ﬁEEQ”BfOEﬁE3E%gBMAth

ler wth its non-inverti put connecte
operatsecehdadpffiéient ial conpattedewéth theecoudr temginal of the
nput of the first operational anplifier is connected
feedh??% 5eFiPE§PTterminal of a feedback resistor and the

i avertirpg EEQHEreﬁlkh@1§éﬁ98d09p@ﬂé&homabraﬁﬁhhﬁ'Qrwhéreln
connected with a second term nal of the feedback

the féspstone Pr. mPhe éLéterenie ei tevi paep Cidterl or
Chai m 2nher sL0:LNECT Lok, 0ReoR" cTBES §1LECESAR § |RWzern
the first one or more filters is a band pass filter.

9. The electronic circuit of Claim 1 or Claim 2 wherein
the one or more second amplifier is further comprised of:

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;

a current limiting resistor with a first terminal connected
with the output of the video difference amplifier and a second
terminal connected a first primary coil terminal of a toroidal
coil;

the toroidal coil further comprising a second primary coil

terminal, a first secondary coil terminal and a second secondary
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8 . The electronic circuit of daim1 or Claim?2
wherein the first one or nore filters is a band pass
wo 200601723®@ . The el ectronic circuit of C ai m 1POF/US0aH/M4576
2 wherein the one or nore second anplifier is further
coilcorpniised,ofaid wedeoddpffiereyceoaipliefrivenadonnecteded to
with a.first one or mor e filter; a, ,gain-setting ,
9rouided5adR CAFEli EoFOPOERE GPddo CHFTABReNEETEREERF: 8 th the
non-€@RRItShBgiaphir st keghsker opanaesbad 1bghesr ke and said
out put of the video difference anplifier and its gain
secoggt FRRGNARBYL COodai HegRiinaderpnngctagutitr ther non-inverting
inpuOBReSt 8dohAPBRALLEL WL N AR [LEst resistor to a
virtual ground reference co Fiséd 6f a second
r esiidt 6l randaadf sesbndappeirhetiohBlsemnpesriergr edRdec@ed as a
d.ffcurrgnt lim Lng resistor with a first termna
LIIEpRREcRedAMPLATERE BUEPEEof FREISEBEOLAI FPBRBAEE] between
the aApkiktigy andud secend E?EgﬁnébSQQEESH&Fdaﬂ BEESLy and the
' primary coil termnal of a toroidal coil; the tor0|8aF
invegbingf unphéro€onpei stagnd seevadipnaimayptotlier.
termnal, a first secondary coil termnal and a second
secondarycoil termnal, said second primary coi
t 80 nNBhe CODBEELEH1E Oc OF OWNE, oSat Uafh I Bt o5€COAGATY further
coil termnal connected wth the non-inverting input
comphiSHNG| @ stOYpeiaf i bhafeanpitii @rcahef Eafdegeennd of not more
than SEEORMAT Yo 60k L LET 1 Nl c conpected wiih the .y feyminal and
non-inverting I nput of a second opera T onal anp PEers
the satdndilpsdiandt secahdtepeiadl oval panpl 141 ewsticonnect edst
mixedS,2 differgntialﬁanplifier wherein a resistor is
S oARBCT R BRIEETE t he i nverting i nput of the first
operational anplifier and the inverting input of the
second operational anplifier. 10. The el ectronic
circuit of daiml1l or Caim2 further conprising a | ow
pass filter with a cutoff frequency of not nore than
34 khz connected wth the first bidirectional term na
and the second bidirectional termnal in parallel with
the first m xer and second ni xer

18



