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forward optical signal from sai ea one op er to a forward
anal og el ectri calarchiteptare. dforeparticuddriye theiimahti@onidies tareverse digittedri ni f i benode;

.and transform ng rever alog electrical signal on said electrical
conductor to a rgglggggl%alﬁ%nﬁt%acﬁg% rlg‘cal signal at said mnifibernode. The

systens and _ 2. Discussion of the Related Art

A conventional advanced broadband system typically inciudes a
headend, a muxnode coupled to the headend with an optical fiber, a plurality of
nodes coupled to the muxnode in a star configuration with obﬁcal fiber and a
plurality of end-users (e.g., homes) coupled to each node in a star configuration
with coax wire. The forward (downstream) signal (i.e., from headend to
muxnode to node to enduser) is always analog. The reverse (upstream) signal
from each home to the node level and then to the muxnode level is analog., The
reverse signal is digital only above the muxnode level.

A problem with this technology has been that the muxnode units are
expensive. What is needed, therefore, is an approach that reduces the cost of
the muxnode units. Ideally, such an approach would eliminate the need for any
muxnode units. _

Another problem with this technology has been that the need to send
upstream analog signals from the nodes to the muxnode unit requires the use of
expensive lasers at the node level. Therefore, what is also required is solution
that allows less expensive lasers to be used at the node level.

Another problem with this technology has been that the star
configuration of the nodes requires the use of a relatively large amount of
optical fiber. Therefore, what is also required is a solution that.uses less optical
fiber.



met hods provi de advant ages because the need for nmuxnode units is
elimnated, the cost of the node units is reduced, the a i cal
fiber is seduced and the reverse bandwi dth is increased. nﬁ&gé'%fa[}(aért;ﬁ42004
WO 01/ 52455 PCTI USO01/ 01244 COVMUNI CATI ONS SYSTEM W TH DI G TAL RETURN PATH
BACKGROUND OF THE INVENTION 1. Field of the Invention T}E@@Z{gﬂ%on
. relates geWePHIP to the field of communications archit . re
particularly, the invention relates to reverse digitized conmunications
architecture. 2. Discussion of the Relategd Art A conventional advanced
br oadband systemtypically includes a headend, a muxnode coupled to the
headend wi th an opti cainotiieppioblem withithis teehpology hasdutes thebthp kypitat miveived nuxnode
in a star config i i 1€ i - A | i nd- users
(e.g., hones) coh%ﬁéedggﬁho%tg@ﬁﬁﬁ%%% tr’lzrngag ﬂéig)g%lgﬁ]faflgt%l? féovrﬁ%e\?\jr?%o%’oax W re.
The forward (down®hatasaio sdederhthe(dfore, iy afi epprvdvh althe indreises tilacereaste t 0 node to

enduser) is always_anal.o The verse, (upstrean) signal fromeach hone to
t he node | evel anbc?n?‘ﬁfeah“ 3d¥ 53({7%??1%88‘1%%66 %is anal 0og. The reverse signal

is digital only above Hdweofotestiedequirenents ofeliafingthovnthddbiusits, e@hasd ogy has
been that the nuxpode ug'hts re. expensive. Wiat _ is q?, ded, .therefore, is
an approach that PRHFERLE ARdenLs, refucing the amppatefopiifg! fi0er qnddagreasings ych an

approach woul d el thatevads€bdnd®idie edetddito ab0ve hERLWR BEenUllf fet. AWRLtHET Probl em
with this technol og%eé'h_as been that the need to send upstream analog

signal's from t he HE8RISS # epletinn theheiatiencawsly 2fdigercs elbof thesegewirgmentex pensi ve
lasers at the nodenigyilion ﬁ@ﬁé&é@fo%ee%@ﬁhekezxeg%ifet eg%’n 5 (ér%%the? .solution

that allows | ess expensive | asers to be use evel . Anot her
problemw th this technol ogy has been that the star configuration of the

nodes requires the use of a rel %BWMY kﬁ;?‘% ﬂﬁ‘l@ltl optical fiber.
Therefore, what is also required 1's a solution that.uses |ess optical
. A goal of the invention is to simultanecusly satisfy the above-discussed
requirements of eliminating the muxnode units, reducing the cost of the node
units, reducing the amount of optical fiber and increasing the reverse bandwidth
which, in the case of the prior art, are not simultaneously satisfied.

One embodiment of the invention is based on a method, comprising:
providing at least one optical fiber from at least one member selected from the
group consisting of a headend and a hub, a minifibernode coupled to said at
least one optical fiber, and an electrical conductor coupled to said
minifibernode; transforming a forward optical signal from said at least one
optical fiber to a forward analog electrical signal on said electrical conductor at
said minifibernode; and tranSforming a reverse analog electrical signal on said
electrical conductor to a reverse digital optical signal at said minifibernode.
Another embodiment of the inven;:ion is based on A communications system,
comprising: at least one optical fiber from at least one member selected from
the group consisting of a headend and a hub; a minifibernode coupled to safd at
least one optical fiber, said minifibernode including a forward circuit and a
reverse circuit; and an electrical conductor coupled to said minifibernode,
wherein said forward circuit transforms a forward optical signal from said at
least optical fiber to a forward analog electrical signal on said electrical

conductor and said reverse circuit transforms a reverse analog electrical signal



fiber. 17 February 2004 WD 01/ 52455 PCTI USCLI 01244 2 Another problemw th
this technol ogy has been that the typical advanced broadb as
limted bandwi dth, particularly in the reverse direction. We\ﬁgﬁmlﬁg{%ﬁso
needed, therefore, is an approach that increases the reverse bandw dth of
advanced broadband systens. Heretofore, the requirements of elimnating the
nuxnode unMA8V5#488ucing the cost of the node units, redPCVHPWHA anount of
optical fiber and increasing the reverse bandwidth referred to above have
not been fully nmet. What is needed is a sgolution that sinultaneously
addresses all of these requirenents. The invention is directed to neeting
t hese requi r enent 20 saidingiriserepdnctostnapmmersOtigiTiEpticdl/Ediml @Nall goal of the

inventionis to Sixﬂﬂlﬁ 84S i -di s sed requirenents of
el i nas i ng-the il RREOH oS Lhbodmbilo BITNRAAOE HERERR o i |
reduci ng t he anourfroafe oysvérendigitizdsidiit, armlprisingrasamifibgribhetortewensied toandwi dt h
which, in the cas -Dhi £y, . e _nat . sj | t aneousl.y satisfied. One
enbodi ment of theqlea(r%g%r?[b ﬁ’gﬁﬂ ?igérb%g}elamgf?lbeén?ﬁ%f%h‘ fngégnﬂwair‘iflf\;‘ﬁ?t’ AWVYH di ng at
| east one optical dictigrand & oonnattod @psiile citeingrobsied aherteidalfdondictdie  group

consisting of a headend and a hub, .a mnifibgrnode coupled to said at

| east one opti cal ‘ﬁfef)eélr‘ ?a“gg?a‘”%{ﬂ cg‘i’%tctfarnffgﬁps %%ﬁ‘ﬁﬂgPB?caggﬁ%ﬂ?gamtséldsaéi d

ni ni fi ber node; tr aasf eiervpheal abér%Wr@aﬂnﬁxmgble&}m@ignélro%hia%ie'étrﬁ&l | east one
optical fiber to a forward, anal og el ectrical signal on said electrical -

conductor at sai FORFUSIF PR eTseirguit (rapsiares Aireigrsg apalesselectricnh silgea)

el ectrical signal ganagaidinicsl Beddcidr 2 ROAMIGER obReafsib Y& S digital
optical signal at said mnifibernode. Anothér enbodi frent of theiinvention

i s based on A comififbstpdns system conprising: at |east one optical
headend and & hub; a i Bo uoae Lors ayonpend Sy e Pl 2
fiber, said m nifiabprerietge andieridadiond whed eongiderdd @i comjuintticaneittathe following
description and the accompanying drawings. It should be understood, however,
that the following description, while indicating preferred embodiments of the
invention and numerous specific details thereof, is given by way of illustration
and not of limitation. Many changes and maodifications may be made within the
scope of the invention without departing from the spirit thereof, and the

invention includes all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

A clear conception of the advantages and features constituting the
invention, and of the components and operation of model systems provided with
the invention, will become more readily apparent by referring to the exemplary,
and therefore nonlimiting, embodiments illustrated in the drawings
accompanying and forming a part of this specification, wherein like reference
characters (if they occur in more than one view) designafe the same parts. .It
should be noted that the features illustrated in ;che drawings are not necessarily
drawn to scale.

FIG. 1 illustrates a high level schematic view of a communications

architecture, representing an embodiment of the invention.



reverse circuit; and an electrical conductor coupled to sai d m nifibernode,
wherein said forward circuit transforms a forward optical 4 P%Enjé sai d
at least optical fiber to a forward anal og el ectri cal S|gna on “sal
electrical conductor and said reverse circuit transfornms a reverse anal og
el ectrical signal WO 01/52455 17 February 2004 PCTIUS01/01244 3 on said
el ectrical woamdzss or to a reverse di.gital optical signal PGRUSSEDIZ44

m ni fi bernode. Anot her enbodi ment of the invention is based on a kit to
provide a reverse digitized kit, conpri si ?g a mnifibernode to be coupled
to at least one optical fiber, said mnifibernode ineluding a forward
circuit, a reverse ciFibi2tillushatds ablochnbeahfic Wapabd firsoéxehplang coupled to an
el ectri cal conduct ar, rein said for d CI U|t transforns a forward

wh
optical signal frdHHERFTACR repfeseiling pmem FHE’F“‘(‘QS‘ a forward anal og

el ectrical signal on salcral36111@%reg§aﬂock&eeﬂuet@éwaﬂﬂse&er&xre@mﬁryse circuit
transforns a reverse _anal og el ectrical signal on said electrical conductor

to a reverse digi lbgﬂrﬁrepﬁs'@“ﬁagma@m@éﬂﬂentﬁf Weffvsati9bde. These, and

other goal s and embodi PRAUSIAkralcl#bloBl SRLARR vk be PiMekdilaryappr eci at ed
and under stood when considered in conjunction wth the fo  ovi ng

description and t Finifeeraedsarrpraseptios ampmipsiment of the inventien under st ood,
however, that the follow ng description, while indicating preferred
enbodi rrents of the invention and numerous specific details thereof, is
gi ven by way of iIIustratiBESC&WdIQHDF&RHEEEWEWOMNE&angeS and
nodi fi cati ons may be n‘.?ﬁi

departing fromthe spiri mv ntelrorelg?& the V%flséag %m?%\?éag?‘éﬁyaga‘%ﬁs até’@g %?r?gfg uch
nodi fications. BRIaEExﬁIEfﬁ@thE oy @ﬁihT&ﬂEeMiN@Snl@mﬁxlngafnbﬁmﬁﬁﬁtptﬁaﬂﬂe of the
oAt 2ges a0 Lo SRS DB R o B R, COTROTeTC S
nore readily appadestipiin dfgfeerddrghbblinehe. Beempliasior wellkdowh e6iBp REfs
nonlimting, enbodipents .illustrated in the draw ngs
and processing techmques are omitted so as not to unnecessarily obscure the
invention in detail.
The context of the invention includes advanced broadband service. The
context of the invention also includes cable television service.
The invention includes a plurality of rlliniﬁbernodes coupled to a
headend with optical fiber and a plurality of end-users coupled to each
minifibernode with coax wire. The forward (downstream) signal (i.e., headend
to minifibernode to enduser) is always analog. The reverse signal from each
home to the minifibernode level is also analog. Significantly, the invention
includes the use of reverse digitalization beginning at the minifibernodes.
Therefore, the upstream signal from the minifibernode level (lowest distribution
point) to the headend is digital. This is in contrast to the prior art where the
* upstream signal from the lowest distribution point to the second lowest
distribution point is analog. _
The reverse digitaiiéation at the minifibernode level allows for the
elimination of all muxnode units, thereby saving money. The reverse
digitalization at the minifibernode level allows much cheaper lasers to be used

in the minifibernodes compared to the alternative where a more expensive laser

would be required to send a reverse analog signal upstream from the



acconpanying and formng a part of this specification, wherein |ike
reference characters (if they occur in nore than one vie ' t he
sanme parts. It should be noted that the features iIIustri\?FgB@ﬁW?de(ﬁ
drawi ngs are not necessarily drawn to scale. FIG 1 illustrates a high

| evel schematic view of a communications architecture, r rese {‘jl ng an
enbodi mentWQPVRRE i nvention. ' 17 February 2004 WO 01152P S01/ 01244
4 FIG 2 illustrates a block schematic view of a first exerrpl ary

m ni fi bernode, representing an enbodi nent .of the invention. FIG 3

il lustrates a block schematic view of a sécond exenplary mnifibernode,
representing an emofberemnies, Gherethresaizingemd mehey FITEE refersé Hngiiﬂliﬁtiﬁﬁat&lebl ock

schematic view of _a i rd ar L senting an

embodi ment of the%églﬁ?o% eve %‘tﬂ%ﬁ‘f’% @P%ﬁﬁ%ﬁﬁéﬁo ﬁfﬂF‘ The

i nvention and thetmaaswesu&stheamr@waﬂ&e@dﬂ&eésa@&emsedﬁhmid&thereof are
expl ai ned m)refully\é\f6 refe ﬁetothe nonlimting enbodi nents that are
illustrated in the ac “rf%ﬁ’ﬁ gﬁg ey Figiah avetiay apd {e§apHENHS | owi ng
description of pr o @ﬂh@a&ﬂcyomtﬁooE&ﬁﬁgbﬁﬁu@%cafple&%hhlsuslme gggponent s
and processing technlzg’ues are omtted so as not to unnecessarlly obscure

the invention inhgket290)is coppled ge)H myxnodes 1308 quiwenetat srhighis sheaadn Evanced
broadband servi cey GRgourseOMefXdan 86 nﬁ%réegﬁzg;:ﬁ SﬂJr%Qchllﬂl | %Qlﬁafuﬁrgotar - odes

tel evision service. The invention inclu uralit
coupled to a headds Wltpbddgﬁlbwmﬁﬁtbelrﬁtmﬁdl‘@() pDﬁmaer ;he(ﬁfcaehclausers

SO 1 06220 o Bled SRS Shof O ol iondl 65 L2 MR fiod, 0 o)

signal (i.e., heade to mni user) I's always Afat og. The
reverse signal fr tembeachoptieahiebernl40ids soupled idofesm d de 8 Inéwi€lberinsdeal1 $@0, anal og.

glaglmnl;l: ﬁgn;![ y t hghﬁﬁ“lﬂﬂ}\éfeeg%fjr"ﬂ’gﬁ‘e%? gl'llcle;vcrileusl Fi(.}';' 9. Lﬁfecourse thiere can edrln rlettl%.lnlsz ation
minifibernodes (mFN) for each branch.

The communications system shown in FIG. 1 provides both forward and
reverse capability. It is.important to appreciate that the system operates
differently with respect to the forward and reverse directions. Typically, the
forward bandwidth will need to be greater than the reverse bandwidth.

Turning to the forward aspect of the éystem, the headend portion 1100
can include 16 lasers 1110, only one of which is shown in FIG. 1. The lasers
1110 are coupled to 2 optical fibers 1190 via a dense wavelength division
muitiplexing unit 1150. The unit 1150 includes resources for performing the
dense wavelength division multiplexing function. Each of the optical fibers
1190 can support multiple (e.g., eight in the forward direction) colors. The
forward color spacing can be approximately 200 GHz.

At the hub 1200, the optical fibers 1190 are coupled to 16 optical fibers
1290 {only one of which is shown in FIG. 1) via a dense wavelength division
multiplexing unit 1210. The unit 1210 includes resources for carrying out the
dense wavelength division ‘multiplexing function. In the embodiment shown in
FIG. 1, each of the optical fibers 1290 can carry one color.

At the muxnode 1300, each of the optical fibers 1290 is coupled to 8
branch optical fibers 1400 via a splitting unit 1310. It is important to realize

that the muxnode is an entirely optional aspect of the invention. The splitting



Therefore, the upstream signal fromthe m nifibernode |evel (Iowest
distribution point) to the headend is digital. This is i ngﬂ%ﬂﬁéw‘p t he
prior art where the upstreamsignal fromthe |owest distribution point to
the second | owest distribution point is analog. The reverse digitalization
at the mnifibernode |level allows for the elimnation of all nuxnode
units, theVeBYS¥®ing noney. The reverse digitalizati onPGUPKEI244

m ni fi bernode | evel allows nmuch cheaper |lasers to be used in the

m ni fi bernodes conpared to the alternative where a nore expensive | aser
woul d be required to send a reverse anal og signal upstreamfromthe 17
February 2004 WO @Qidd &BetFoncREY (b5 i 1Rt dintBntibf F1GE I Bistesart dffaer eby savi ng
nore noney. The reverse digitalizatiop at the ini nlfltgernode | evel al so

all ows efficient fbnede)srg reg%h Y PYhOlot sipplepbranchipgiunit these fuactiops,gag;

di stribution poi nteventﬁa@f@huedlbg%gasﬁhﬂgstraed/ﬁsﬁeph% \bh shimbgferring to FIG
1, a two-way digital overlay and gacy return i's A headend portion

1100 serving one ﬁ%ib°41§e‘5éﬁ?)¥‘é’&m§ ﬂbofmmanchmncahﬁberize@ fremeoupl ed to
16 nuxnodes’ 1300, ;RQBh ¥nd1enes n@glfggrsllzgg@EthhgsaﬁeQDl 1. O course, there

can be nore or Iess nmuxnodes for each he muxnode 1300 is coupled to
8 branch optical fi berEaCSEAD@dleb@nchgmogbﬁbemlepwm@rmﬁ@nal togf eat er or | esser

opt i cal 11 bers: aBtAGm e RERE o R, BULARH e el EBFAOCT |

t hree of whi ch ar eisfibaamodes 1$10Gs cduple@‘toa@lmﬂmy {etghepprozamtde SMosfend-han 8

m ni fi ber nodes ( ch hr The comruni cati ons system shown in
FIG | provides bB%\% I{t“gﬂﬁga}bowé’ﬁﬂﬁéhomse capability. It is inportant to
appreci ate that the symrﬁimgmp@rtatl@&evwhefafs;@beamxa/syweinhezrcﬁs»pﬂﬁtbrdne?]t heI | 4
forward and reverse,dject |1 t he rd bandwi dth w nee
to be greater thaﬁptfqarle ﬂ?eésvieﬂ%gés ﬁ&%‘?ﬁﬁ?g?@ F‘?ﬂvﬁ‘@ gthydiasipg pyglitndexingnect  of
the system the hagiflespd. pOtHeiefiBodikfett sh6RA id MG, WlGe 46t | BHUombinkithe ONly one

of which is shown in FIG 1. The |asers
signals from 8 dlfferent colors, one for each of the 8 clusters of minifibernodes.

The unit 1320 includes resources for implementing the dense wavelength
division multiplexing task.

Each of the minifibernodes 1500 can transmit reverse signals on a different
color, or the reverse signals from the minifibernodes on a branch can be serially
added and carried by one color. The reverse color spacing can be
approximately 100 GHz. Therefore, it can be appreciated that the reverse colors
can be completely different from the forward colors.

It can also be appreciated that the physical layout of the muxnode 1300,
branch optical fibers 1400, and minifibernodes 1500 can define a hybrid star-
loop network. However, the invention is in no way limited to any particular
network configuration. For instance, each of the minifibernodes could define a
loop sub-network, thereby defining a hybrid loop-loop system. Further, instead
of defining loops, the branch optical fibers could be deployed in a linear
arrangement, thereby deﬁﬁing a hybrid trunk-star or trunk-loop network. It
would even be possible to terminate a branch at the last minifibernode and run
the reverse aspect on the same fiber that runs the forward aspect.

The dense wave]engfh division multiplexing unit 1320 is coupled to one

of two dense wavelength division multiplexing units 1240 via 16 optical fibers



1110 are coupled to 2 optical fibers 1190 via a dense wavel ength division
mul tiplexing unit 1150. The unit 1 150 incl udes resourcesﬁg{sbﬁ%bj
the dense wavel ength division multiplexing function. Each o | caI
fibers 1190 can support multiple (e.g., eight in the forward dlrectlon)
colors. The forward color spacing can be approxi mately 200 At the hub
1200, the WPPYRAS fibers 1190 are coupled to 16 optical PFFB’@PKMZ‘TZQO (only
one of which is shown in FIG 1) via a dense wavel ength division

mul tipl exing unit 1210. The unit 1210 incyudes resources for carrying out
the dense wavel ength division nultiplexing function. In the enbodi ment
shown in FIG 1, 12¥chnlppne ofavhindtis shownfih G sl. TEs@we apitsckyd pregoupledioor . At

t he muxnode 1300, t I : ranch
optical fibers 148 v?fa&gses B@?éthﬁﬁkmgﬂt&?@é%&gggﬂ&élI%Qw(%ﬁ?g)ﬁtl&tlglb?lgal i ze

t hat the nuxnode |1woamlgﬁtofwbllcymphmmmmlFIGsﬂ)eEighblfeceumslYWe\mctanpledTme
splitting 17 Februa Q 152 55, P ETS011 4 t her
functions (shown Facg%ﬁ?heuﬁbsvﬁéﬁé ?taﬁfggkiectelvergq};@ t(énl?’ fc'ur;l%rt}lgjhxnode) are
preferably part ofecav&saqalsbdmbmmhl)ng uni't, t hese functlons can even be
provi ded by very sinplg stand al one i aI In the .enbodi nent
shown in FIG 1, each ’glfe‘P‘FFé”?ﬂ%'i‘ﬁ(?ﬁcg‘Bg t’é’gel ’fﬂi’g g“’k%ﬁ'ﬁl &Hﬂ?ﬁt gi ven one

of the optical fi bi@mnﬂ&%ne@r(wmsm@ldmmh@%eﬁuoﬁﬁﬁms@f)e tdigpaibRNCh
optical fibers is coupled to froml to 8 minifibernodes 1500. This group

of | to 8 can be tﬂ&hﬁlw Igea prgipaint digtgibption servie (LMIPrBE#Rodes 1500 i s

coupled to a pluralityrfeSnntiofRRRA% IHERIRIMD BOD kb f TIRNE: caH SRR fhmé et  shown
in FIG 1). Turning now to the reverse aspect of the system each ‘of the

branch optical frboftheramporestsshat sorornspHedntestion. ddatspompiicatizbe kit di vi si on
mul tiplexing uni Ea.rflﬁa.?de a3 é:} %8;%’99%%8% SR, chlpg&g‘ntsjo’f tﬁel'iﬁve?]{gbrg 1320

conbines the signals from ferent col ors, one each
clusters of ninif Thekihouedso cofthie instructions i firnticing € ineston awkaddisional

i mpl ementing the ggpse MAUSLGATHR mElvbRloRN UM LBLSNE Fed K e

instmctions, hardware and/or software of the kit can be the same as those used

in the invention.

The invention can also utilize data processing methods that transform
signals from analog to digital (A/D) and/or from digital to analog (D/A). The
invention can also utilize multiplexing-demultiplexing technigues. The
invention can also utilize data processing methods that transform signals from
one multiple access standard to another. The invention can also utilize the
commaunications bandwidth provided by the system to camry diagnostic
information and/or control commands to actuate interconnected discrete
hardware elements. As an example of the former, state variable information
representing one or more aspects of the system can be the subject of a system
query (e.g., periodically reporting the ioad on a minifibernode to a control
computer at the headend). As an example of the latter, one or more compdnents
of the system can be reconfigured by a system command (e.g., sending a
command from a control computer at the headend to a minifibernode to transmit
reverse digital optical signals at any of various available frequencies).

The term approximately, as used herein, is defined ds at least close to a

given value (e.g., preferably within 10% of, more preferably within 1% of, and



Each of the mnifibernodes 1500 can transmt reverse signals on a different
color, or the reverse signals fromthe ninifibernodes on 77 BLANGR Scya be
serially added and carried by one color. The reverse col or spaci'ng can be
approximately 100 GHz. Therefore, it can be appreciated that the reverse
colors <can be conpletely different fromthe forward colors. It can also be
appr eci at e¥OWKE5% he physical |ayout of the nuxnode 130FCTYOEHNEH opti cal

fi bers 1400, and mnifibernodes 1500 can define a hybrid star- | oop
networ k. However, the invention is in no gay limted to any particular
networ k configuration. For instance, each of the m nifibernodes could
define a |oop suosertisraRly within 8% afbf Theiterm coublptras asdddepein, dogefimyst em
Further, instead L i : ' | hers coul d be
deployed in a Iingﬁmﬁg%t%d;%g%%ﬁ?@%%%%@g@&%g@ﬁ?‘ﬁé&g@k@%&fﬁ trunk-star or
t runk- | oop net wor kaechanicallp uFlk teveresdreces,cs sisdd ferdig it dafinbdad leardwdie anigdy at t he

| ast m nifibernod . spect on the ne_f.i he hat runs
the forward aspec?? iﬁ%?oggﬂig%@%%%g@%gﬁﬁ%ﬁ\ﬂr%% ﬁﬂs‘qu%r%‘%iﬁgei{ﬁélas 1320 is
coupl ed to one oftwo womadedines afodd thmghibeléxentedby ardhpuypdrexi ng units 1240

via 16 optical fibers 17 February 2004 01/ 52455 PCT/ USO1/ 01244 7 1250,
only one of which is shown in FIG 1. TH&® Sunits 1240 are coupled to a

pai r of dense wavel engSpeciflcwnthioditeislof ihelimehtieh willidosy belifRhetideschiBePR) | Ca
fibers 1180, onl 4f %,\Ahi ch.are shown in . FIG_ 1. Ei ght receivers 1170 are
coupl ed to each O PHRvipg;nealinkigg examples which wilgerve fo Diygirate ssome detait 1 70) .

(Only four of thevarfdHaREsofdlgRiftMRNTHeRkxEihfTes A intdddBd h{ai/e%n{oifgé}1<i%38§)e

conpatible with a multichannel nultipoint distribution service
standard. The i nventndsitadingof s@yvia whinkshe inpention way fhe prasticediand & mul t i poi nt

di stribution servigg8.ef B nSEBP the D€l j al e _included in
a kit. The kit can i ﬁcl ude song,gﬁgﬂt% {}soc??%'?ﬁééhg%ﬁ%%n%élhtﬁs‘;%f)%él{giycg}?pose
the invention. Moexamphssheuld aptbe consruedistlimitagith neipedétheneventionrofte

m ni fibernodes, apfrhBELeROIMR0ERNRIR TS ih B HOYGRL! on-

Example 1

A first exemplary minifibernode is shown in FIG. 2. A minifibernode
2000 includes an input fiber 2005 and output fiber 2095. The input fiber 2005
is coupled to an analog optical Rx 2010 and a 2.5 Gbls optical Rx 2015. The
analog optical Rx 2010 is coupled to a coax connector 2020 via a 64-800 MHz
output link. Of course, the invention is not limited to any particular frequencies.
The coax connector 2020 is coupled to a plurality (e.g., approximately 50) end
users, not shown in FIG. 2.

The coax connector 2020 is coupled to a quadrature phase shift keying
modem 2025 via both a 8-9 GHz output link and a 9-10 GHz input link. The
coax connector 2020 is also coupled to a 9 to 11 effective number of bits
reverse digitization unit 2030 via a 5-48 MHz input. The reverse digitization
units 2030 is coupled to a 2.5 Gb/s optical Tx 2090 via a serial addition urﬁt
2040. The 2.5 Gb/s optical Rx is also coupled to the 2.5 Gb/s optical Tx 2090
via the éerial addition unit 2040, as w;veli as via a 400-600 Mb/s data stream 2050
that is shared within the mFN cluster. The digital signal from the reverse comes
in from the neighboring minifibernode (aka mininode) and is passed to the next

mininode after digitally adding the local information. There is no protection.



The kit can also contain instructions for practicing the invention and

additional resources for carrying out the invention. Unl i
specified, the instructions, hardware and/or software of ??ﬁggrtkjlgﬁr%baoin‘ebe

the sane as those used in the invention. The invention can also utilize
data processing nethods that transform signals fromanalog to digital

(Al D) and/W@ofs2d5 digital to anal og (D1A). The inventi GETASM/HRYo utilize
mul ti pl exi ng-denul ti pl exi ng techni ques. The invention can also utilize data
processi ng nethods that transformsignals, from one nultiple access
standard to another. The invention can al’so utilize the comrunications
bandw dt h provided by the systemto carBymglegnostic infornmation and/or

control commands to agtuate inte connﬁcbt ed discrete Igaéd r.ewgl enents. As
an exanpl e of the for AEFoCn XERPHLY TRHbEMOHS 155 BFIG dppduniibrmeione or

nmore aspects of t3000 ghidedthe ssmd@nipdfetiBjieEkanile & Hysthemllotugry (e. g.,
periodically repor j,n&plthe | oad an ﬁ m ni e to a control_ conputer

ber nod
at the headend). 2fditigial compayjeatsqfinp Er4-%9L’§P§é%ﬂ5xépl%ﬁéuﬁﬁﬂ$&%nts of

the system can beyfies @péi w05 €AnRYdiomY 25 B CRMTRALds Rofkrol udRABIONY 2
cormand froma control conputer at the headend to a mnifibernode to

transnit rever séodpigfd todhe gothes 215 @yyensical Rar30hgnchihe ¢89-C8UNbARgdizb| o
frequenci es). The &t BHABPIRY! ?@15&1@’2.5@3%’/5%?@%1 3@ ildlplch o B LbdishaPS 2l
e ably P 00 o Of , nore '

| east close to a S-%I ven value (e.g., prefe W t

preferably w thi i2-510blemed@rageesy contiol wnitr 3020 a@Hthe\optire] Bet Z99RCTHIUSO / 01244 8
nost preferably wifhij 0% I as used herein, is
defined as conn&%@@?ag %%%)gé%ﬁm%%p ﬁl%%@%sgﬂﬁ?%%?prl%% ' If'enéﬁegmr]l%aflcy
necessarily nechaprogidbd gt anTdiéitipealh 5 @ly'o date essamaan bs erbvided elThe secenddef | ned

as hardware and/ . software for, achieving a result. The term program as
used herein, is glrérflfﬁteaa&ggremtwegpgtﬁore lines of code that can be executed

by a conputer. E>'<ar_rpl es Specific enbodixarples of the invention will now be

further described by , i 4 exemplary minifibernode is shown in FIG. 4. A minifibernode
4000 includes the same éomponents as in Example 1, plus the following
additional components. Another 2.5 Gb/s optical Rx 4010 is coupled to the
fiber 2095 in parallel with the 2.5 Gb/s optical Tx 2090. Another 2.5 Gb/s
optical Tx 4020 is coupled to the fiber 2005 in parallel with the 2.5 Gb/s optical
Rx 2015. A direction switch 4100 isolated the serial addition unit 2040 from
the 2.5 Gb/s optical Rx 2015, the another 2.5 Gb/s optical Rx 4010, the 2.5 Gb/s
optical Tx 2090 and the another 2.5 Gb/s optical Tx 4020. A different media
access control unit 4200 having n x 100 Mb/s shared within the mFN cluster is
coupled to the direction switch 4100. The minifibernode 4000 has equipment
and route protection. The minifibernode 4000 can sense a fiber cut and send the
data in different directions as required.

Practical Applications of the Inventio.n
A practical application of the invention that has value within the

technological arts is advanced broadband service. Further, the invention 1s
useful in conjunction with on-demand broadcasting (such as are used for the
purpose of interactive television), or in conjunction with internet activities (such

as are used for the purpose of world wide web browsing), or the like. There are



the followng, nonlimting exanples which wll serve to illustrate in sone

detail various features of significance. The exanples ar ez g rely
to facilitate an understanding of ways-in which the invent Fofr’ll%ﬁgﬁf%dge

practiced and to further enable those of skill in the art to practice the
invention. Accordingly, the exanples should not be construed as limting

t he scope WROHSBES5i nvention. The difference between the FETARBYYEE s in the
protection. Exanple |I A first exenplary mnifibernode is shown in FIG 2. A
m ni fibernode 2000 includes an input fibkgr 2005 and output fiber 2095. The
input fiber 2005 is coupled to an analog optical Rx 2010 and a 2.5 Gb/s
optical Rx 2015. vitheslly amamerpblepiséscfat thRinvetid, albofowhigh wwbd ot ke detwled connect or
2020 via a 64-80 output link. O course, the inventionis not |limted
to any particul ar Tfrequencies. The coax connector 2020 is coupled to a
plurality (e.g., approxinmately 50pdemthgesisfthsinvemionshown in FIG 2. The

coax connector 2020 i | ed .to a guadrature phase shift k |ng nodem
2025 via both a 8-9 Gzz 5'[5”5) at‘P’i‘Sr{REtg?fgﬂﬂgﬁoé”ﬁF TESRRS any coax

connect or 2020 i SofaleSavenaot)adbd dspefciiv ahd a@éah@géaworrwmawth@f bI ts
reverse digiti zatfjf)@n unit 2030 via a 5-48 MHz input. The reverse

digitization uni OvIARIFa{ORSs ¢ Sigyinuentiop climinaiss t]%ﬂlﬁedofﬁ ppgpodeundgyghheyi a a
serial addition Updntiori@dibes HRQost ogthg%éeﬁﬂlrs' ¢R¢ infRntiof rélusss HOMRMGH to the

2.5 Gb/s optical Tx 2090 via the serial addition unit 2040, as well as via
a 400- 600 Mo/s da&faptsqalf@mwemg@ﬂ thhmefwbncéme@sﬂbwnexxtmmmswthmer The

digital signal fr in fromthe nei ghboring
r@&&ée'a?re&gﬁé%ﬁéﬁgﬁ ,

m ni fi bernode (aka m ni no assed to the next mninode after
digitally adding the IAdictmdlsqicﬁscd nubodmantﬂ'hétrhemvsntm desaibed herein.cad Be Febr uary

2004, 0 0052459 ERILL OB borF RS oAl MoB R Bkt s
conponents as i n dixammigeout thephvestibmhepntamglaed ngthe inventors is disclosed above,

practice of the invention is not limited thereto. Accordingly, it will be

appreciated by those skilled in the art that the invention may be practiced

otherwise than as specifically described herein.

For example, the individual components need not be formed in the
disclosed shapes, or assembled in the discloseﬁ configuration, but could be
provided in virtually any shape, and assembled in virtually any configuration.
Further, the individual components need not be fabricated from the disclosed
materials, but could be fabricated from virtually any suitable materials. Further,
although the minifibernode described herein can be a physically separate
module, it will be manifest that the minifibernode may be integrated into the
apparatus with which it is associated. Furthermore, all the disclosed elements
and features of each disclosed embodiment can be combined with, or substituted
for, the disclosed elements and features of every other disélosed embodiment
except where such elements or features are mutually exclusive.

Tt will be manifest that various additions, modifications and
rearrangements of the features of the invention may be made without deviating
from the spirit and scope of the underlying inventive concept. It is intended that
the scope of the invention as defined by the appended claims and their

equivalents cover all such additions, modifications, and rearrangements.



addi ti onal conponents. Another 2.5 Gb/s optical Rx 3010 is coupled to the
optical fiber 2005. An additional 2.5 Gb/s nedia access ¢ nj 020
is coupled to the another 2.5 Gb/s optical Rx 3010 and tﬁggi%’?éb%é‘kﬁ/s
medi a access control 2050. Another 2.5 Gb/s optical Tx is coupled to the
additional 2.5 (/s nedia access control unit 3020 and the optical fiber
2095. Thi swoewszasd e al |l ows for redundant Tx and Rx so t RETEEHBRE equi pnent
redundancy is provided or an additional 2.5 Gb/s data stream can be

provi ded. The second Tx is at a differenj wavel ength. Exanple 3 A third
exenplary mnifibernode is shown in FIG 4. A mnifibernode 4000 includes

the same conponents asThéagpsaledlcRinds arphotSo bBtdrpreled W Meludiag dehh

-
conponents. Another 2.5 (b/s optjcal Rx 4010 is cqupled,to,the!ﬂgiber 2095
in parallel with 190 gmﬁﬂ}@s’d‘ﬂl&l‘%%h imygieny is sephie g reopted ingpgiken opt j cal  Tx
4020 is coupl ed t QjatA@sihi BRHhAKISndalls PAP alpBhieWchiBodiRgnts oPtHERvEn@RL | cal R
2015. A direction switch 4100 isolated the serial addition unit 2040 from
the 2:5 Gb/s opti @k difisrenigied bytheapgended apbclpims. @b/ s optical Rx 4010, the 2.5
Gb/s optical Tx 2090 and the another 2.5 Gb/s optical Tx 4020. A different
media access control unit 4200 having n x 100 Md/s shared within the nFN
cluster is coupled to the direction switch 4100. The m ni fi bernode 4000
has equi pnent and route protection. The mnifibernode 4000 can sense a
fiber cut and send the data in different directions as required. Practical
Applications of the Invention A practical application of the invention that
has value within the technological arts is advanced broadband service.
Further, the invention is wuseful in conjunction with on-denand
broadcasting (such as are used for the purpose of interactive television),
or in conjunction with internet activities (such as are used for the
pur pose of world wi de web browsing), or '"the like. There are 1 7 February
2004 WO 01/52455 PCTI Us01101244 10



virtual ly innunmerable uses for the invention, all of which need not be
detailed here. Advantages of the Invention A comrunications nethod and/ or
system representing an enbodi nent of the invention, can be cost effective
and advant ageous for at least the follow ng reasons. The invention
elimnates the need for nuxnode unitsi2 The 1nvention refuessuimeoosst of
the node units. The invention reduces the anmount of optical fiber required
with the hybrid networks. The invention increases the reverse direction
bandw dtGLAIMS the di scl osed enbodi nents of the invention described herein
can be realized and practiced w thout undue experinentation. Although the
best node of carrying out the invention contenplated by the inventors is
di scl osed above, practice of the invention is not limted thereto.
Accordingly, ] | ? reciated by those skilled in the art that the
inventioﬂ nayhhgﬁ%%QS ﬁB@%%Lothermﬁse than as specifically described
herein. For exanple, the individual conponents need not be formed in the

di scl osed sh . or | ed. L i.sclased configurati ut could be
ot ovi ded i n anoreiaBi RIS e Mebhatl A R ReTRb P i e

conf i gurgroup nonsifng heheaddne anddi bilg eahingibepode wbspled wdsambat lbastoabr i cat ed
fromthe, di A e i, ed fromvirtually any
sui t abl eorﬁr%;? Iglrb%gfagd agﬁetrk?e({%ﬁec%l,l gon(ﬁa ? f%%‘g‘w'?%@ sr#cﬂﬁql@%h?gjge descri bed herein
can be a physically separate nodule, it will be manifest that the

m ni fi ber nod ' t i J Wi t.h [ it is

associ at ed. E‘ﬁ%ﬁ%&ﬁ]@;ﬁ(ﬁ%rﬁ oﬁﬂg&l%}g@gffﬂoﬁga%@%ﬁ%ﬁ@m %?%ﬁa%’&f E”raes of each
di scl osefarveartt adalog slectizal dignat onisaidedeaideh cormuckon bbsaid mireberfiate; t he

di scl osed el enents and features of every other disclosed enbodi nent except

where such elenents or features are nmutually exclusive. It will be manifest
t hat vari ous tealgidriningsy ravetefanemyiaderdricahsignd anrsaithelesirita conduche té eat ur es of

the inventi . i : tating fromthe spirit and scope of
t he unde%l"%’?’ﬁ&@%iv%ﬁ'{:% 8%%%g¢%lr\(ﬂfb\é|}@diehtended that the scope of the
invention as defined by the appended cl ainms and their equivalents cover all

such addi ti ong. ;fRdihbaF LiBFcaiXdfali &8 doBBRETE 848 minifibernode;

transforming another reverse analog electrical signal on said another electrical

conductor to another reverse digital optical signal at said minifibernode; and

serially adding said reverse digital optical signal and said another reverse digital
optical signal at said minifibernode.

2. A method, comprising:
providing at least one optical fiber from at least one member selected from the
group consisting of a headend and a hub, a minifibernode coupled to said at least one

optical fiber, and an electrical conductor coupled to said minifibernode;

transforming a forward optical signal from said at least one optical fiber to a
forward analog electrical signal on said electrical conductor at said minifibernode;



WO 01/52455 17 February 2004 PCTIUS01101244 11 The appended clains are
not to be interpreted as including neans-plus function limtations, unless
such a limtation is explicitly recited in a given claimusing the phrase
"means for." Expedient enbodiments of the invention are differentiated by
the appended subclains. 12 17 February3 2004 CLAIMS 1. A 1F&dary@o0Pri si ng:
providing at | east one optical fiber fromat |east one nenber sel ected from
the group consisting of a headend and a hub, a mnifibernode coupled to
said at | easttrmmitting)midaevefédxﬁgital apiitahsigedlde anotbat minifivdureiderat eoupl ed to
said m r‘wg\;ep %ﬁ transformng a forward optical signal fromsaid at

| east one op 9|ber to a forward analog electrical signal on said

el ectrical conduct or at said mnifibernode; transform ng a reverse anal og

opt i cal - ai gnatrar @l S e A0 T Buncf PEY 3, o Ao Birifbetls

conduct anotfeuplagdiengthsai d m ni fi ber node transf orm ng anot her reverse
anal og el ectrical signal on said another electrical conductor to another
reverse digital optical signal at said mnifibernode; and serially adding
sai d reverse Alivgithcal cooptrisimgl  si gnal and sai d anot her reverse digital
optical signal at said mnifibernode. 2. A nethod, conprising: providing at
| east one optical fiber fromat |east one nenber selected fromthe group
consi sti ng ofpravitiegaéledsizond etihalliibeafrom mit féaberneodembeusdiaded fomdhal at | east

one 9Dt ofANGHo PR BSHLI Ml SARUELAL SR BLAPa0BLd one

mnifib a s or war S 8ard | east one
opti cal dgtibafiben aad ah(ﬂiemncal eoraluoiyr ed)tmtediocmid mlr@bwnodet said electrical
conductor at said mnifibernode; 13 17 February 2004

transforming a forward optical signal from said at least one optical fiber to a

forward analog electrical signal on said electrical conductor at said minifibernode;

transforming a reverse analog electrical signal on said electrical conductor to a

reverse digital optical signal at said minifibernode;

transmitting said reverse digital optical signal to another minifibernode at a
wavelength;

sensing a fiber cut; and then
fransmitting said reverse digital optical signal back to said minifibernode.
4, A method, comprising:

providing at least one optical fiber from at least one member selected from the
group consisting of a headend and a hub a minifibernode coupled to said at least one

optical fiber, and an electrical conductor coupled to said minifibernode;

transforming a forward optical signal from said at least one optical fiber to a
forward analog electrical signal on said electrical conductor at said minifibernode; and



transmtting said reverse digital optical signal to another mnifibernode
at a wavelength; and transmtting said reverse digital optical signal from
sai d anot her mnifibernode at another wavel ength. 3. A nethod conprising:
providing at | east one optical fiber fromat |east one nmenber selected from
the group consisting of a headend angya hub, a m nifibernpsguagupbed to
said at | east one optical fiber, and an electrical conductor coupled to
said m nfibernode; transformng a forward optical signal fromsaid at |east
one optical ftrdreforiningea fohedrdaibtcal BRinadfrarh eaitrat takt snegsyicaldibesi &l el ectri cal
conduct of at .sai Id nln}fi ‘)ern de; .trfim ‘foqm’rggl E’ rever se.fabnal 0 _elgctri cal

si gnal oRMELH NaiPd Elsenea) Siengl a0 Spige'§ N R! CoNAPEIE At S MNINPSTR: a9 si gnal  at
said mnifibernode; transmtting said reverse digital optical signal to
anot her m ni fti bernode at a vvavEI en hd' sens1i n% a fi?aer cut : ?”? t hen
transnitting SHISPPEIS SEREAE P%%&ri’ Ehr9usl oI pARRIEa) ceufugtor o a

m ni fi berenede digitdl opficamidradiat saichpiniftientgidepr ovi di ng at | east one opti cal
fiber fromat |east one nenber selected fromthe group consisting of a
headend and a hub a m nifibernode coupled to said at | east one optical
fiber, and anwiedremtiransrmingrditckosrse angibe éldcticabsighairbnishidleteoiinge ;
transform a forward optical signhal from.said.at |east one optical fiber
toa 1 oRpelsieRaEee @R dialostcine SRR MR R S EGa it o at oai
m ni f i bedigitatieaticartbatltovidesmiatatpmeiurd @04 irttertsaséoionadditianat dataatrdarapt i cal

signal fromsaid at | east one optical fiber to a forward analog el ectrical
signal on said electrical conductor at said mnifibernode; and transform ng
a rever sk anahogmeluechtiorsadysteingampeisingai d el ectrical conductor to a
reverse digital optical signal at said mnifibernode, wherein transformng
said reverse analog el ectrical signal on said electrical conductor to said
reverse di gi tatlleagbbne aptical Bealfroat aideasd one mdmbze selediedifioal ihdesoupever se

digitall . i_des ,anal og return and interleaver for additional
dat a st r%@%@ﬁﬁg Epaaﬁeé)c{eﬂg and & hub;

a minifibernode coupled to said at least one optical fiber, said minifibernode
including a forward circuit and a reverse circuit;

an electrical conductor coupled to said minifibernode, wherein said forward circuit
transforms a forward optical signal from said at least optical fiber to a forward analog
electrical signal on said electrical conductor and said reverse circuit transforms a reverse
analog electrical signal on said electrical conductor to a reverse digital optical signal at

said minifibernodes;

another electrical conductor coupled to said minifibernode, wherein said reverse
circuit transforms another reverse analog electrical signal on said another electrical
conductor to another reverse digital optical signal at said minifibernode; and

another minifibernode coupled to said minifibernode, wherein said reverse circuit
transmits said reverse digital optical signal to said another minifiberncde at a
wavelength.



5. A communi cations system conprising: at |east one optical -fiber from at
| east one nenber selected fromthe group consisting of a headend and a
hub; a m nifi bernode coupled to said at | east one optical fiber, said

m ni fi bernode including a forward circuit and a reverse circuit; an

el ectrical conductor coupled to said gnifibernode, whergiFetyaard 2bo4ward
circuit transforns a forward optical signal fromsaid at | east optical
fiber to a forward analog electrical signal on said electrical conductor
and sai 06.r eveA semaiungations syatesd, @omprisingever se  anal og el ectrical signal on
said electrical conductor to a reverse digital optical signal at said

m ni fi bernode:, another electrical conductor coupled to said m nifibernode,
wherein said at&aﬁtsee opﬁicrad:t‘ti:etr f!ton'aatslémWBe amoibee seleeted from taaglauy el ectri cal
si gnal op L of he tri conductor to another reverse digital
opti cal %onéﬁ.}ﬁg §€a c{f”%aﬁg rnode and anot her m nifibernode coupled to
said mnifibernode, V\/nerel n said reverse circuit transmts said reverse
digital optical .signal, to s 3 n|f|b rnode | ength. 15
6 I communt A ENEE SpRide SRl Rest Y b R0 SaBmPinpRede s "one

opti cal ihclbeing arfomaad ciredtsandaevesalbizcuitsel ected from the group consisting
of a headend and a hub; a mnifibernode coupled to said at |east one
optical fiber, said mnifibernode including a forward circuit and a
reverse circuar eleejricﬂloendimdtmradoupleddimjsaidmimﬁmqﬂhmtb, wwhessn shidforwardogicnibde,

at 1 cact P starnaa B obicd Sy (RS AP oot R Po e Rl MRRO i o 7

el ect ri celectdoal dignabon said eleairidalreonduder aridrszid rtevensarmafémirtrm']sﬁ)rme\ae'es@'se anal og

Shontl ! Sitaidd fR8eA VPl &h S BlblE coBRRAN A rel e ok UTRE Ul & P12

m ni f i besaidohdnifibeinerds; andai d reverse circuit transmts said reverse digital
optical signal to said another mnifibernode at a wavel ength,

another minifibernode coupled to said minifibernode, wherein said reverse circuit
transmits said reverse digital optical signal to said another minifibernode at a

wavelength,

wherein said another minifibernode includes another reverse circuit that transmits

said reverse digital optical signal from said another minifibernode at another wavelength.
7. A communications system, comprising:

at least one optical fiber from at least one member selected from the group

consisting of a headend and a hub;

a minifibernode coupled fo said at least one optical fiber, said minifibernode

including a forward circuit and a reverse circuit;



wherein said another mnifibernode includes another reverse circuit that
transmts said reverse digital optical signal from said another

m ni fi bernode at anot her wavel ength. 7. A comuni cations system
conprising: at least one optical fiber fromat |east one nenber sel ected
fromthe group consisting of a headepgl and a hub; a m M7 Fdruageeosoupl ed
to said at | east one optical fiber, said mnifibernode including a forward
circuit and a reverse circuit; 16 17 February 2004 an el ectrical conductor
coupled to saa'ardelsttribélicbadu@cde:ouphertcesaﬁdaaxhlﬂbémmdmwﬂ\ecém sald forwhrdashslior ns a
forward tical a omsal fiber. to forward anal og
el ectr 1 Ot gy sl raly froBlaad 3F hadished peL G obir bdoE c.

t r ansf or electecal @igagen seadlalleotycaloenﬂwatmadndsaammk/eree csam:traeis&:trmsiao'ei/ersenduct or
to a rev I |cal nal ai d m.ni f ode; and ot her

i 1 et Sed aitBlor i SlPite BhondBld AThbires ARLERI SRR oL
transm t said anirdfibveenetes endli gl taI optical signal to said another mnifibernode
at a wavel ength, wherein said another mnifibernode includes a sensing

circuit and another reverse circuit that can transmt said reverse digital
optical si gnadndiaarimibifiberabde conpfed tolsaidmatdibamede seheleibesaid regerse crelit

opt 1 cal (risaieepfiibunSs dau R e, R R B wIBRRORE B0 consi stin

of a headavelerggtld a hub; a m nifibernode coupled to said at | east one
optical fiber, said mnifibernode including a forward circuit and a
reverse circuit; an electrical conductor coupled to said mnifibernode,
wherein said Wbemhrsdaicbdmoctmértminifiba‘ne(ﬂe)mmudas b eemsingl ciopitiandlansthgnal from sai d

o1 cot 1 e et bRt PRl B Bl pefod Rl Bkt 3By or <o anal og

el ect ri cainifiiegwak vmenmldzbeellsmgtcrrcmadietedadlflbeocutt 0 a reverse digital optical
signal at said mnifibernode, wherein said reverse circuit includes a
reverse digitalization circuit that provides analog return and interleaver
for addi$.i onah cdatraungatiesngystem, comprising:

at least one optical fiber from at least one member selected from the group

consisting of a headend and a hub;

a minifibernode coupled to said at least one optical fiber, said minifibernode

including a forward circuit and a reverse circuit;

an electrical conductor coupled to said minifibernode, wherein said forward circuit
transforms a forward optical signal from said at least optical fiber to a forward analog
electrical signal on said electrical conductor and said reverse circuit fransforms a reverse
analog electrical signal on said electrical conductor to a reverse digital optical signal at
said minifibernode,

wherein said reverse circuit includes a reverse digitalization circuit that provides

analog return and interleaver for additional data streams.

i



17 17 February 2004 9. A kit to provide a reverse digital optical signal,
conprising: a mnifibernode to be coupled to at |east one optical fiber,
said mnifibernode including a forward circuit, a reverse circuit, and a
connector capable of being coupled to an electrical conductor, wherein
said forward circuit transforns a foriard optical signal17fFeprugqizdoat | east
one optical fiber to a forward anal og electrical signal on said electrical
conductor and said reverse circuit transforns a reverse anal og el ectri cal
si gnal dh saiAlkietogmbvide alreversndigital @ptitad signelevemprsin):gi t al optical signal at
said mnifibernode; wherein i) said mnifibernode includes anot her
connector capable of being coupled to another electrical conductor and ii)
sai d r ever se xminifibetnddedn $€ conmled iodtheast onempﬁc&eﬁmastammmhﬂrmml si gnal
on said. her el I nduct Qr.. t n e i i cal
ol gnal ARG (FER GhER AR el oA N el BREbRR PR BN Ve <o
circuit aegledtital cacltistgai d reverse digital optical signal and said anot her
reverse digital optical signal at said mnifibernode. 11. A kit to provide
a reverse digital optical signal, conprising: a mnifibernode to be coupled
to at | east omfereiptsb'miafbndairdbeirc;uﬁstazirﬂfq@aiaffbrb&alrmopltfe:al signdlltﬁ@hn@isaafleaward
circuit, I i b led to an
ol ooty Suf detit %f%?or d @hhérd aﬂ%gl%ae%?rib%?&@rgél ofi 3B %@gﬁéal? Sadlidiar HR =00
opti cal ﬁldgmbrsefcrram msﬁ)rmsdrea@‘seanelogptacb’azlal élgthﬁlontsetdaelécmmmrd anal og
o e Cnag Bl RSBl Gbh Sl rCR Mo R 521 G Leverse el routt
transforis a fever oh said electrical conductor
to a reverse whageina) salrplmmfaierrm@nad:iuﬁs mt@rnoma‘ddm:apaideof beiog anot her
L DoLBAE 1§ 3Rk LBl BE ORI BEh L8 Stk BREBACanqifig o1 1 sal ¢
reverse CIfcui Fansh t e sal reverse S|gna 0 said
anot her rewémé Bhdleg eediicak sighahak ehidragbther eleemealrcosdu@oratmanhmer revarsei ber node
i ncl udes ' I rCui: er reverse circuit that can transmt
sai d revd@ta?Sﬁdgrggﬁélggg#égﬁﬁﬂbéﬂ&lwback to said mnifibernode when said
sensing circuit detects a fiber cut. 18 17 February 2004 12. A kit to
provi de I nSL.RG. 1.0 fi bhernode to be
Coupl cd 1o at Tggt o, whBlel S FBR, crel BRRIP oD slqTivthed Bghd

optical signal and sald another reverse digital optical signal at said minifibernode.

11. A kit to provide a reverse digital opfical signal, comprising:

a minifibernode to be coupled to at least one optical fiber, said minifibernode
including a forward circuit, a reverse circuit, and a connector capable of being coupled to
an electrical conductor, wherein said forward circuit transforms a forward optical signal
from said at least one optical fiber to a forward analog electrical signal on said electrical
conductor and said reverse circuit transforms a reverse analog electrical signal on said

electrical conductor to a reverse digital optical signal at said minifibernode; and

another minifibernode capable of being coupled to said minifibernode, wherein
said reverse circuit transmits said reverse digital optical signal to said another

minifibernode at a wavelength,

wherein said another minifibernode includes a sensing circuit and another
reverse circuit that can transmit said reverse digital optical signal back to said

minifibernode when said sensing circuit detects a fiber cut.



including a forward circuit, a reverse circuit, and a connector capable of
being coupled to an electrical conductor, wherein said forward circuit
transforns a forward optical signal fromsaid at | east one optical fiber
to a forward anal og el ectrical signal on said electrical conductor and
said reverse circuit transfornms a revédse anal og el ectri taFelsugryg00dn said
el ectrical conductor to a reverse digital optical signal at said

m ni fi bernode; and a dense wavel ength division rmultiplexing circuit coupled
to sai d & | eAdit lopwvidgm reverse didiaropticd signak icompdsipg:ovi de a reverse digital
optical signal, conprising; a mnifibernode to be coupled to at |east one
optical fiber, said mnifibernode including a forward circuit, a reverse
circuit, and amgfbrieeds tobgmappledde ableasipne oppeal fiberosaid miaifileernede al

conduct Pi‘i’]clu%ﬁraﬁbﬂvé@bﬁclﬁtoé\A@Je‘j?e?%fcﬁh','atndte{ EOOFEa bFeoéf\%ﬁr% &ijﬂeﬁ% si gnal
fromsaid at Feast one optical fiber to a forward analog el éctrical signal
on sai d @ eleelicalponduciordwbersin sidifosward airevitirarsfemsmiforvard aptita sigpab r ever se

anal 0g ek ishiacRlectt SboRAY Rk th a Rl dtla SOAMLE LRhaldh &id Eeriss di ol tal

optical signal at said mnifiberno wherein sa verse circuit includes
a rever seondiugior and said reperss qitsuit ransfatmapa rvethesnalogaleairicab signal arasid

I nter | eaygetritdcoRdltbtdrto Aabveiad dighAiTopA&H signal at said minifibernode; and

a dense wavelength division multiplexing circuit coupled to said at least one
opticai fiber.

13. A kit to provide a reverse digital optical signal, comprising;

a minifibernode to be coupled to at least one optical fiber, said minifibernode
including a forward circuit, a reverse circuit, and a connector capabile of being coupled to
an electrical conductor, wherein said forward circuit transforms a forward optical signal
from said at least one optical fiber to a forward analog electrical signal on said electrical
conductor and said reverse circuit transforms a reverse analog electrical signal on said

electrical conductor to a reverse digital optical signal at said minifibernode,

wherein said reverse circuit includes a reverse digitalization circuit that provides

analog return and interleaver for additional data streams.



