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{54) Title: COMMUNICATIONS SYSTEM WITH DIGITAL RETURN PATH

(57) Abstract: Systems and methods are described for reverse digitized communications. A method includes: providing at least one
=~ optical fiber from at least one member selected from the gronp 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 electricel conductor at said minifibernode; and transforming a
reverse analog electrical signal on said electrical conductor to a reverse digital optical signal at said minifibernode, The systems and
methods provide advantages because the need for muxnode units is eliminated, the cost of the node units is reduced, the amount of

opticat fiber is reduced and the reverse bandwidth is increased.
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reverse anal og electrical signal on said electrical'conductor to a reverse
digital optical signal at said mnifibernode. The systens, Eﬁ?%yag
provi de advant ages because the need for. nuxnode units is e |n1na t he
cost of the node units is reduced, the amount of optical fiber is seduced
and the reverse bandwi dth is increased. 17 February 2004 WO 01/52455

PCT/ US01/ Geetis288VMUNI CATI ONS SYSTEM W TH DI G TAL RETURNCPASH/BMEKGROUND OF
THE INVENTION 1. Field of the Invention The invention relates generally to
the field of conmmunications architecture. Mire particularly, the invention
relates to reverse digitized conmmunications architecture. 2. Discussion of
the Related Art A conventional advanced broadband systemtypically includes
a headend, a nuxnode coupled to the headend with an optical fiber, a
plurality of nodes coupled to the nuxnode in a star configuration with
optical fiber and a plurality of end-users (e.g., homes) coupled to each
node in a star configuration wth coax wire. The forward (downstream
signal (i.e.; from heasgsemdcrroonsngpenpdertHopIsoTie RETURMNGNSBEr) 1S al ways

anal og. The reverse (upstream signal fromeach honme to the node | evel and
then to the nuxnode |l evel is analog. The reverse signal is digital only
above the nuxnode |evel. A praRRBRMURDIGY Bk SGVBRPSY has been that the
muxnode units are expen5|ve VWhat 1's needed, therefore, is an approach
that reduces the cost lof Fisld ofhelowentioni ts. |deal Iy, such an approach
would elimnate the negd:f,ofiddMacThtRATE 4k ksl LOOARRiREGR! em W Lh this
technology has been that e nee ups rean1anaPo sifgnals fromthe
nodes to the nuxmu@éﬂWMﬁthﬁmqpmhaSMbhmem&emmﬁnehﬁ$en&bmseH@ﬁ&ms at the node
. level. Therefore, I uired is solution that allows |ess
expensive | asers cto}gﬁh%hcat%n a§° ’t?(%% node | evel .

2. DlSCUSSIOI] 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.



Anot her problemw th this technol ogy has been that the star configuration
of the nodes requires the use of a relatively [arge anmoun bal
fiber. Therefore, what is also required is a solution tha?zﬁég@gﬂ}eés@
optical fiber. 17 February 2004 WO 01/52455 PCT/ USO01/ 01244 2 Anot her
problemw th this technol ogy has been that the typical advan oadband
. system hasWPMi¥d bandwi dth, particularly in the revers%cwsf@@tzlg{)n. What
is al so needed, therefore, is an approach that increases the reverse
bandw dt h of advanced broadband systens. jleretofore, the requirenments of
elimnating the muxnode units, reducing the cost of the node units,

reduci ng the anount ofAnsgier prablem wigh thistechinplogy hasi begn thatte typicst alyatyadidwi dt h

referred to abov . .S, L S:.a.50l ution
t hat si nmul taneougﬁreﬁggnddr]ﬁgtgééﬁgﬁﬂﬂ%# y% Hegdéh’ eqt‘f}’dra‘gl "{r}t%g?&grfﬁglr%ﬁl\‘s?%nt ion is
directed to neetiWhattihasenaedef, iiregafere; is an appyoagh dlidh erceaseSthd\deiRyseOF THE

| NVENTI ON A goal ,0f .t Invention ig to sjnultaneously satisfy the
above- di scussed t?agavﬁl? eorrfgi\é}’asnc%(?brgf“@ﬁ?‘ﬁw*eﬁﬁ' t he nmuxnode units, reducing

the cost of the node Hemétbfore, tedeguiregeits of elffiuftingQhe MPtriodaknid, hancignd
i ncreasing the reyerse rgtﬁnd%g dt b ich, in the case %{? the prior art, are
not si mul t aneous| §¢ S PP BYfe UBf3 redpsigithrearroust of opiica! Hberanddiersasingased on a

met hod, conpri si ngé revesObdrdisth adferkcaas kb haRPid: i fhilPket fwaAi@t | east one

menber sel ected fromthe groug consi sting of a headend and_a hub, a
mi ni fi ber node coufsFeR it bslgian that simuiggeouslyaddrsaserelf ofthepersauirpaenih
electrical conduchilinkAHe Rdirkdeda oot Meld REAMSS LbaRsEALL ng a forvard

optical signal fromsaid at |east one ptica er'to forward anal og
el ectrical signal on said electrical conductor at said mnifibernode; and .

transform ng a reverse anal og %Mmbﬁﬁ@%vgﬂﬁ@d

. 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



el ectrical conductor to a reverse digital optical signal at said

m ni fi bernode. Anot her enbodi nent of the invention is ba?fzge 6,2004
comuni cations system conprising: at |east one optical f1Dbeér P at

| east one nenber selected from the group consisting of a headend and a
hub; a m nifibernode coupled to said at |east one optical fiber, said

i ni fi ber n®@PY5HEP uding a forward circuit and a rever sePCVPEMN24 and an
el ectrical conductor coupled to said mnifibernode, wherein said forward
circuit transforns a forward optical signal fromsaid at |east optical
fiber to a forward anal og electrical signal on said electrical conductor
and sai d reverse cirseidiectricalpondictas taa reverse digital nptiobsigiabet saidcal si gnal WO
01/ 52455 17 Febr ugyy: P id electrical conductor
to a reverse digita ‘%"8‘%% %E{t%éﬁgﬁ%g%]h%géi?gthe?nﬁbr?lﬁﬁ‘%%%rglﬁsg i a%ﬁé‘f her

enbodi ment of t he freviésns ieverss digibasidit, ormpriskigta minifibprnodé tiebexonmvdtose
digitized kit, co | Sl . .ol [k bernade t.0.be coupled ta at |east one
optical fiber, sai shlgdrﬁrlg'flgaelr%h%dleadloﬁﬁfﬁb fnr?&eéncugmﬁé VT S 2 BVPSS er se
circuit, and a coruieuit,and &agmbiter @patieditgingeopplediotan erbiriehieehducen)
conductor, wherein said.forward. ci.rcuit trapsforns, a forward opti cal
signal fromsaid arhe“f”éﬁ?é{ %5‘?@‘185?"\“0%“5#’1”5%? orgard optisalsipgnpl HRm 8 &l ectri cal

signal on said el eeatsf@xreaipﬁcmaau@aﬁfmafa_chnﬂa% Sleb1BIYA 5 Bal Ghn'shidielectdcainsf or s a
reverse anal og el ectrical iéﬁg al on said electrical conductor to a reverse

digital optical siGReHCIGAD evVEife TR HARRIES aTeietse analogielentrienl sigeall s and

enbodi ments of t heyisaMenkiRa c%c!dcto??oPﬁaﬁz?r@cﬁigi‘t’ﬂ@bﬁ&iﬁéﬁﬁiam under st ood

when considered in conjunction with the follow ng deScription and the

acconpanyi ng dr awi®g§ibermodshoul d be understood; however, that the

| nventi on and nuner ous epSc Fin aers 1 PRENHhRS BIREhARLE el p®
illustration and apprecietied padwndatsioofh whivienpsidbrad dresonndtionweitf the &dliooisz may be
made within the 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.



scope of the invention without departing fromthe spirit thereof, and the
I nvention includes all such nodifications. BRI EF DESCRI PT

DRAW NGS A cl ear conception of the advantages and featureg%gﬁsf?%%ng t he
i nvention, and of the conponents and operation of nodel systens
provided.with the invention, will becone nore readily apparent by
referring wookssexenpl ary, and therefore nonlimting, RCEFGIMRAM S
illustrated in the drawi ngs acconpanying and formng a part of this
specification, wherein |ike reference characters (if they occur in nore
than one view) designate the sane parts. It should be noted that the
features illustrated iRIG Rdllekamns afidclascReriic viee o8t &xengagyn t 0 scal e.
FIG 1 illustrates 'aE‘E‘iffﬂh | evel schenatic.view of a comunications

architecture, repPEUBRERRlS SRresFAIBE PHERRogReY REDE IVEREMon. © 17 February

2004 WO 01152455 PCT/ UB@3Qfdsfdted a biotischemitle visd 684 ftomi é?c'eﬁtgiﬁgfﬁ(:he”at ic
view of a first exenplary, mnifibernode, representing an enbodi nent of the

i nvention. FIG 3Mpfihappds mperesenting ak embadunedt oEthe insgEAN. & second exenpl ary

m ni fi bernode, represepid Aq&%RFRRLIRALmAL ile of MtERekQplaf! G 4
illustrates a block schematic view of a third exenplary mnifibernode,

representing an efBeifiberepre, Brasesing Ay embddiment DERERIVEIGEN OF PREFERRED
EMBODI MENTS The invention and the various features and advantageous details
thereof are explained nore fully with reference to the nonlimting

enbodi ments that are il| USESGRIPTION ORRREIERRIIABYIBOPIMENISgs and det ai | ed

0 e Toll oung descki bl a8l PhEL 1AE ARROH TR RGBSR O
unnecessari |l y obsawrezplained more fully with reference to the nonlimiting embodiments that are
| illustrated in the accompanying drawings and detailed in the following
description of preferred embodiments. Descriptions of well known components
and processing techniques 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 fniniﬁbernodes 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



invention in detail. The context of the invention includes advanced

br oadband service. The context of the invention also i nclﬁl%ﬁr ggpé@m

tel evision service. The invention includes a plurality of mnrfirbernodes
coupled to a headend with optical fiber and a plurality of end-users
coupled to each mnifibernode with coax wire. The forward (downstrean
signal (i YOHERdend to minifibernode to enduser) is g ‘Hﬁ%l 0og. The
reverse signal fromeach honme to the mnifibernode |evel is also anal og.
Significantly, the invention includes thg use of reverse digitalization
begi nning at the mnifibernodes. Therefofe, the upstreamsignal fromthe
m ni fi ber node | evelinifibepnvaiss, tkrsttyrsating inore m@ey nThe tevertsé dighalddandatiie di gital .

This is in contrast_. th riqr t re e .upstream.signal fromthe

| owest di stri but i BPBTReHE 8l sl @@Eé\évﬁﬁf%gs"tser@i RHOR G oy SHEAHE i s

anal og. The rever g lelvgi distribatidn wint ahertticincretidg roereadadiiivel all ows for
the elimnation of al xnod its, thereby sayvin ney. The reverse
digitalization at the #ﬁ%‘f‘gﬁ%ﬁﬁgge&%@?y_ S?%Wéef}?ﬁéﬁd @é‘aﬁéﬁun} Bsers to be
used in the m nifidkel PORAGerRIPERRNA06 Sriife ot HuBliHadupkd MARLE 10MahHE
expensive laser would be required to send a reverse anal og signal upstream

fromthe 17 Febr ubitt/128euconpicd 19 bomogiopesti308mnboaesf whichis fiovnge Fibdes,
ther eby saving mo§ eoRBAR, hteh BY floffor deflhuthd 2l hkttup! HEe pillftigb! Per node

| evel also allows efficient 1+1 serial addition of reverse data at the
| owest di stri buti &30dspenpleditp 8 bedngh pptiseldihsisrig00.c Q€ caasepthechmiadbha Ref erri ng

9,1, Ti0g L0, PRl R i L S L MR o B, o207

coupl ed to 16 nuxthedemch 8@&al fiirers/1400 ds ahphathicchhom & te R minifibarnbde®1500.. O

course, there Cano:lﬂ}(? tHIeY wqarichl 472 Showi iht %?(.?51 f(S)fr cogx%g,Qher}g lr):an I;I;hrgorgltjﬁ(ag%de
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



1300 is coupled to 8 branch optical fibers 1400. O course there can be a
greater or |esser nunber of optical fiber branches for eag ﬂpﬁ%zﬁach
of ~the branch optical fibers 1400 is coupled to from1l to mnrfr er nodes
1500, only three of which are showmn in FIG 1. O course, there can be
nore than 8 mnifibernodes (nFN) for each branch. The conmuni cations
system shoWRO15435 G | provides both forward and rever SEEREHYP2M ty. i s
i nportant to appreciate that the systemoperates differently with respect
to the forward and reverse directions. Typically, the forward bandw dth
will need to be greater than the reverse bandwi dth. Turning to the forward

aspect of the sysaﬁrmhérrfemhemtelﬁwbnmrtmd @ibolikidat of G, | Rcbaisher oF@ | asers 1110,
only one of which is s ovvn in FlG The | asers, 1110 are coupled to 2

optical fibers 118%%%§ Yo g @blm%%%@rlalea rercélmsﬁmltnt&re.fgrewwnun.t
1150. The unit 1 amuerpedwuia%ywe@cs%ﬁe&aﬁ@ﬂowh@%m st DR thedense

wavel engt h di vi sion rrul tiplexi naﬂf unction. Each of t optical fibers 1190

can support nul ti gmeoqimeny showen PHIG; b eapheofity trencd QﬂP?aééb‘Fféﬂ)mQ:%mérﬂs The
forward col or spagiv@gomtﬁ@oﬁwrﬂg&sr{@@ﬂ%g&%ggg: ofak the hub 1200, the

optical fibers 1190 are coupled to tical 1290 (only one of
whi ch is shown in FI G Ea} ofthg bsangk aptéc W@Hg@ﬂﬁeddp\ﬁlom bt 8 nul ti pl exi ng

uni t 1210. The U“hﬁmi‘i@{d?odef‘%d@?ﬁ{%&&%ﬁ% 318 pERER Q! EaliforiEnSe

wavel ength division nultiplexin nt s n FIG
1, each of the opmxmﬁberﬁodeeﬁso%%@:pwrtoeatur:;htp@g Cppoxrimattly tO)cofrandnode

1300, each of the e, fi ber.s |s coupled to 8 branch opti cal
fibers 1400 via a %W?‘}(’ﬁ@hm[fl ]8 is inportant to realize that the

muxnode is an entirel Wmhg@ﬁﬁho&&ﬁ@%i'seﬁﬁpebmmﬂy@tﬂini &ith of i bgqacht ting 17
February 2004 WO Ollc@f 55 /.U 01/01%31 6', and oth functrons (shown in
t he enbodi ment of °PH@ fibers 0P ds 3sq qougled 0 a dense &‘ﬁ;éhEFl@T‘ slplexingart of a

sinpl er branchi ngukini320. thesenbYdliglehOMSWE RFIG. 1, the unit 1320 combines the
signals from 8 different 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



even be provided by very sinple stand al one physical optics. In the

enbodi nrent shown in FIG 1, each of the branch optical fi m a
gi ven one of the optical fibers 1290 carries the sanme col Ef?ggi]éﬁp%(idd?he

branch optical fibers is coupled.to froml to 8 mnifibernodes 1500. This
group of | to 8 can be terned a cluster. Each of the mnifibernodes 1500
is coupl edV@O24 urality (e.g., approxi mately 50) of eddTHP&* P (not
shown in FIG 1). Turning now to the reverse aspect of the system each of
the branch optical fibers 1400 is also ceupled to a dense wavel ength
division nultiplexing unit 1320. In the enbodi nent showmn in FIG 1, the
unit 1320 conbi ne$2ihenly ghqpiathichiis sheva in FIG el chhe two upitss 240 aee cowpledtach of
the 8 clusters of ,oi:njfiber : Lit: . -0Cq I for
i mpl enenting the | nlgg{f(\iﬁg\gl\ee%gglt?%h dig?\%ﬂﬁﬁdﬁplﬁﬁg%ﬁgl} ?ﬁgﬁﬁé’)’?@awéglg of the
m ni fi ber nodes 150080; auly # ofiwbich trersbovem BFIGL §nBight woeieersli F0erewmupledod or, or
the reverse signas,feam.the ghpid IA6ENGYRS 00811 AAC s TabSegR 2 1Y
added and carried Dy ON€ &6 or. e reverse COl Or spdcirng”can be

appr oxi mat el y 100rdckizers Ieah@f0in@IGi 1). can be appreci ated that the reverse
colors ~can be conpletgly dif.ferent fromthe It can al so be

Jorward col ors.
appreci ated that the pHfdPEgHon e bgcomgpatib w%?{ﬁ’\gﬁﬁgi@ﬁ{f,"“mw‘%ch opti cal

fibers 1400, and @gskibhiidieeRradednidOstarbrdd afhk Mremididan bido B¢ edmpatibRP
net wor k. However, the invention is in_no way limted to any particular -
net wor k conf i gur aPitBshe el prkipgint distribyion sstvige{EMBPRistanddf nodes coul d

define a |oop sub-netyQrikventiflesa8Rlo B8 fiddlided ifa BY bThkil Q8 REARRoBY,SreM
Further, instead of defining | oops, the branch optical fibers could be

depl oyed in a Iinehof thecompepents that comase Byp itesntion. Mo sngwficallytthekk- st ar or
trunk-1oop networ k., i fdd Wl lof mBNGRn i RRTS Rl Eoth@ cbﬁééiﬂeﬂéto?gi% iWe‘ﬁHﬁx@ at the
| ast m ni fi bernode and run tﬁe_ reverse aspect on the sane |be_r_t at runs
the forward aspeciThe Hiheandésosentamvestrectisng fafi pricticiog theuhvanpbresddagdiional 1320 i s

C_Oupl ed to one Q%es&%@esqgrnc%%yi\ﬁ@\égtltﬁg g%@ntx%iny i[fnie%s” otﬂyrlm;[isjeglpeec)x(fiie%gth"ém ts 1240
via 16 optical fibérs

instructions, 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



17 February 2004 WO 01/52455 PCT/ US01/01244 7 1250, only one of which is
shown in FIG 1. The two units 1240 are coupledto a paij F @Sﬁ)

wavel engt h division multiplexing units 1160 via 32 optlcal | 1180,
only 4 of which are shown in FIG. 1. Eight receivers 1170 are coupl ed to
each of the units 1160 (i.e., a total of 256 receivers 117 éﬁwly four of
the recei V@¥5H#F%® shown in FIG 1). The invention can bie with a
mul ti channel nultipoint distribution service (MVDS) st andard, The

i nvention can al so be conpatible wth thg a l[ocal nultipoint distribution
service (LMDS) standard. The invention can also be included in a kit. The
kit can include s&Hstpreferably withip.1¥4nd). cwmwaled Hd usesiorepin ds deffiped

| nvention. More SReeihibal hithout RortlelessBfLilelft UAEAONBALIPTE

m ni fi bernodes, and ot her "conponents i
cont ai n instruct i eweshaninallyr Beg e regourées, asmyeliterain iedufinediak hardwad and@sour ces

for carrying out Unl herw se speci

i nstructions, har égmﬁ‘?(derggog }ﬂlgﬂ%? {%\?\lgtrs'zrhg?erf"rf’em%?‘?’ ec{)léer?lﬂ’els B%ﬁﬂgd% t hose
used in the invemyoonmorkhiees oficedd thartas baexebited bit 4 to@gmtelat a processing

met hods that transform signals from aneﬁgg}gl o digital (AD) and/or from
digital to analog (DA). The invention fso utilize

mul ti pl exi ng-demul ti pl Bﬁdcﬁu ehﬁﬁbmﬁts@stheTrh@nmdimmtﬂo%eqaﬂhéld‘é&nUéd by ze data
processi ng net hods fh transformsig ?I s from_ one nultiple access
standard to anot h& ing, ioalipitigs cxakpples vdich jwill sepve t H’@Stf%@)mmeé‘aﬁaﬂons

bandwi dt h provi de«da:masrfaaussv&tsfgmﬂc@nceamexex%ﬂgm&ﬁdt&ldea m‘ fhrl}”ﬁwtfhcﬁﬂaénd/ or

control commands to actuate interconnected discrete war e enents.
an exanpl e of t he?2pBiqegstand @Béfé’ﬂvsalﬂ“éllﬂhéhﬁIﬁff@tlﬁamaﬁﬁepr@m@%cﬂo ng one or

nore aspects of thmléya{aamt@g 819;%1} ﬂ‘?thé#ﬂfo e dcifd ¢ @i ﬁt‘io%mm@&%gagb( Gied -

periodically reporting the on a m erno
examples should not be construed as limiting the scope of the invention. The

difference between the examples is in the protection.
' 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 serial addition unit 2040, as weI] 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.



conputer at the headend). As an exanple of the latter, one or nore
conponents of the system can be reconfigured by a systemlfggmgﬂ,é&“g.,
sending a comand froma control conputer at the headend to a
mnifibernode to transmt reverse digital optical signals at any of
various avail able frequencies). The term approxi mately, as used herein, is
defi ned aswapl/§2é%st close to a gi-ven value (e.g., pref ACABISPYL4hIin 10%
of, nore preferably within 1% of, and 17 February 2004 WD 01/ 52455

PCT/ US01/ 01244 8 nost preferably within 90 1% of ). The term coupl ed, as
used herein, is defined as connected, although not necessarily directly,
and not necessarily mechanically. The Bsampler2esources, as used herein, is

defined as hardware and/or , software. for achij evi ng. esult. The term
program as used her eifhreoqnd e&@‘?lf’ﬁ@’om’é‘éf%efr\?ge’BrSh‘fm?‘é‘ahl{:'nz'sAd’Fm%‘gﬁféc’ at can
be executed by a 3p00pi¢iudes thEx@PtRHonSRESIIE ELargf1® 0 HiERE folllvidghe 1 nventi on

wi |l now be further. degcribed by the follow ng, naonlimting exanples which
will serve to il Iaﬂglf’P%ajéO’Pﬁo‘?BWeA&%%‘i 35 Gl?’éPP%&WéQ’:QJ’rSé@“@?d t8ithni f i cance.

The exanpl es are dpRtAREGLO0B! Bh¥ddiRorafe s difAh&iia AReddRIREALARGDAGs Of Ways in
whi ch the invention be practiced and to further enable those of skill

e
inthe art to prafet‘?lﬁ‘?e%tth%af}‘%ﬁhﬁéﬁt5i% optied Gp<cAOAG pyd the HA0-68% Wi reasfias houl d not
be construed as lcgist Lol 505 9RBReRS 5 HR obggaggr%ysg&ﬁm}ﬁ?o wmdbhdifdance

between the exanples Is in the protection. _ Irst exenplary -
m ni fi ber node i s ZhoWa nediamicegss gontal wiit302D bed the dpticaHo 208% | Thies an i nput

fiber 2005 and oyt put:.fi J fiber 2005. is coupled to an
anal og opti cal Rx?xzu SQA%%?Q%QW%?@X %)%’?ﬁ{:sglth%%'n?éigqmﬁ%%m I%H%agg opti cal
Rx 2010 i s coupl esprorided cromxaddirond CtSoGb/2 020 stikiam can 64 pRBHeNHT he odgaut | i nk.

O course, the |nﬁqggga0£%rsentn‘9§velehgtht ed to any particul ar frequencies.

Example 3

A third 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 coax connector 2020 is coupled to a plurality (e.g., approximtely 50)
end wusers, not shown in FIG 2. The coax connector 2020 @ZFQQMQ gao @
guadrature phase shift keying nodem 2025 via both a 8-9 out put 11 nk
and a 9-10 GHz input link. The coax connector 2020 is also coupled to a 9
to 11 effective nunber of bits reverse digitization unit 2030 via a 5-48
Mz i nput WOr#i&2458verse digitization units 2030 is coupF&d/USBVH2 5 /s
optical Tx 2090 via a serial addition unit 2040. The 2.5 Gb/s optical Rx
is also coupled to the 2.5 Gb/s optical Ty 2090 via the serial addition
unit 2040, as well as via a 400-600 My/s data stream 2050 that is shared
wi thin the nFN clwudeadly innihseralilegisé¢sabr the dnvantiohny alhoftvindchr weed metbecdetaisd i n from
t he nei ghbori ng r’ﬂepﬁjtfi ber node (aka m ninode) and is passed to the next

m ni node after digitally adding the Iocal information. There is no
protection. 17 February 2004 WO OAf%idbpbs MGHe IdSéhtio1244 9 Exanple 2 A

second exenplary m nif,i bernode .is sh ibn FIG 3. A nmnifibernode 3000
i ncl udes the sane conﬁo‘i‘i’é’ﬁ‘t‘@lcﬁgoﬁmﬁnﬁﬁ%ﬁg’r Bystegh EPresHneAn %‘ﬁﬁ"a’&’em
addi ti onal conponghieSinvefion, BaT bolsost dHetEveQint ia@@htal¥oud @3t 1sastadIpl ed to the

optical fiber 2005, An additignal 2.5 (/s nedia access control unit 3020
is coupled to tHBloyHAs Frasons Fhedgyentign elimiptershe seedfor pyxreds ungd- B0 Mo/ s

media  access Conhfetioriddtbes HRRLARK the nad RS, TR inGaltiof feduSe R RLGH t O t he
additional 2.5 Go/s nedia access control unit 3020 and the optical fiber

2095. This exanpiepial Bhes reayired withy thedwbridnetyadks Rkbasigventign indrepsgsdhequi prent

redundancy is provrdede@ionds htional 2.5 Go/s data stream can be
provi ded. The segon T>PZ |{°§ artﬁggdgi fferent wavel ength. Exanple 3 Athird

exenpl ary mini fi ber nodd thedisthesad einbodiehts 4f thinvemticni desuribed berein can be
‘ realized and practiced without undue experimentation. Although the best mode
of carrying out the invention contemplated by the 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.



4000 includes the sane conmponents as in Exanple 1, plus the follow ng
addi tional conponents. Another 2.5 Gb/s optical Rx 4010 i t he
fiber 2095 in parallel with the 2.5 Go/s optical Tx 2090.§£ﬁggﬁéﬁfg&%'6b/s
optical Tx 4020 is coupled to the fiber 2005 in parallel with the 2.5 Gbls
optical Rx 2015. A direction switch 4100 isolated the serial addition unit
2040 fromwohesass Gb/s optical Rx 2015, the anot her 2. PCHYHBE44 cal Rx
4010, the 2.5 Go/s optical Tx 2090 and the another 2.5 Go/s optical Tx
4020. A different nmedia access control upit 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 Theapppited claindy e hérb B PERpeR bORcludhg ni¥afi-flder node
4000 can sense a fiber ﬁUt and s%nd the. data .in different directions as

required. Practi cafCRBRIPEHRS elest supha lipmggtaon s expligityrerited Bea Bi%ebl i cati on
of the invention thah ullasthéphidee Whdahé fort NBpedieRRABLAHFR of B tifvehiforadVanced
br oadband service. Further, the invention is wuseful in conjunction with
on- demand br oadca®@te didererfistaq bydhegpendsd spbelgims. he  pur pose 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 1 7
February 2004 WO 01/52455 PCT/US01/ 01244 10 virtually innunerable uses for
the invention, all of which need not be detailed here. Advantages of the

I nventi on A communi cations nmethod and/or system representing an enbodinent
of the invention, can be cost effective and advantageous for at |east the
follow ng reasons. The invention elimnates the need for nmuxnode units. The
i nvention reduces the cost of the node units. The invention reduces the
anount of optical fiber required with the hybrid networks. The invention

i ncreases the



reverse direction bandw dth. -All the disclosed enbodi nents of the invention
descri bed herein can be realized and practiced w thout undue
experinmentation. Although the best node of carrying out the invention
contenplated by the inventors is disclosed above, practice of the
invention is not limted thereto. Accezdingly, it wll ber pauggizabed by
those skilled in the art that the invention nay be practiced otherw se
than as specifically described herein. For exanple, the individual
conponenEkAiMEd not be fornmed in the disclosed shapes, or assenbled in the
di scl osed configuration, but could be provided in virtually any shape, and
assenbled in virtually any configuration. Further, the individual
conponents need not be fabricated fromthe disclosed materials, but could
be fabrlfate h{ B%Hﬁé&% any suitable materials. Further, although the
m ni fi bernode escrl 58d"Hhé!%i n can be a physically separate nodule, it

wll be manifest that the m nifibernode nay be integrated into the

i | I d
P ot o e s g R B e B Bl Bl 1
g_r S :JbStQFDUID eohsidting of & Iheadkrsicdnalszebute laemiaifibsrnade cbe;ﬁedjto&}mlljc?itsleaﬁgytigt L\:lr I
i scl os [ e .Or
excl usi v(g)t%g%ghr%?]gbg e?%?}r? es%ﬁg){ Eéﬁ?(ﬁ{?ssggd;@ﬁfﬁgﬁi&%mdl fications andy

rearrangenents of the features of the invention may be nmade w t hout

deviating frt? sh&&lnﬁ?énfo'r\kara%gtléqq%E}ﬁapf;orﬁ QS %We%r grﬁ?n tlﬁgl\fﬁg}'{ve concept .

It is intende I nv en ion as YFe appended
cl ai s afndNardenalog@;iﬁctrmlabs@mi ocowsed %dtmsd;cdmchxdhhrﬁtmnd;mlmﬁhiarrhmdeatl ons, and
rearrangenents. WO 01/52455 17 February 2004 PCT/US01/01244 11 The
appended clains are not to be interpreted as including neans-plus function
limtations, miskswirgietevarseiamatogtalentridassigngllongiaid glectdeal cenbuctordo gi ven

reverse digital optical signal at said minifibernode;
providing another electrical conductor coupled io said 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;



claimusing the phrase "neans for." Expedi ent enbodi nents of the invention
are differentiated by the appended subclains. 12 17 February 2004 CLAI M5 1.
A nmet hod, conprising: providing at |east one optical fiber fromat |east
one nenber selected fromthe group consisting of a headend and a hub, a
m ni fi bernode coupled to said at | eas{azone optical fiber7Féssdag2004

el ectrical conductor coupled to said mnifibernode; transformng a forward
optical signal fromsaid at |least one optical fiber to a forward anal og
el ectrical sitgpmamittng szid deversscdigitat abticabsid naltto encthesminifibermuideidbar node;
transf Or\ﬂ;\}lﬁa@tﬁ-%}ﬁﬁr se analog electrical signal on said electrical
conductor " to ‘'reverse digital optical signal at said mnifibernode;

provi di ng anot her el ectrical conductor coupled to said mnifibernode;

ol cotrical | CERAtAThe Sy PRGN BplLEbhm iR M A A iR R,

m ni f i baanotee waaealgngteri al | y addi ng said reverse digital optical signal and
said another reverse digital optical signal at said mnifibernode. 2. A
met hod, conprising: providing at |east one optical fiber fromat |east one
menber skl ect&dethagmanimisingr oup consi sting of a headend and a hub, a

m ni fi bernode coupled to said at | east one optical fiber, and an

el ectrical conductor coupled to said mnifibernode; transformng a forward
opti cal si gnahroYidiogat et ate dpdiasitfibenteoro @t leaal orfé hembéeosalectédfrovartoe anal og

Febr uary 0 ARG B RRRLET 4 6 POBREREBle B ST el oot hor

m ni f i bexptiogdibat, and analesitrmagtdnduaiod coupdersioi said mipfiseinddeever se di gi t al
optical signal fromsaid another mnifibernode at another wavel ength.

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



3. A nethod conprising: providing at | east one optical fiber fromat |east
one nenber selected fromthe group consisting of a headend and a hub, a
m ni fi bernode coupled to said at | east one optical fiber, and an

el ectrical conductor coupled to said mnfibernode; transformng a forward
optical signal fromsaid at |east oneipptical fiber to a7 f&suaydoanal og
el ectrical signal on said electrical conductor at said mnifibernode;
transform ng a reverse analog electrical signal on said electrical

conduct or to teansf@mirgsefodigridtoptical gignabfrors isgidadt lsakt orad sbticaifiber toes node;

transmt said r [SE. ital.optical signal fo.anot ni f i ber node
- welOBTRCR oo sBAEHeREs G ph e iR of SHERRANE e [ ever s
digital optical signal back to said mnifibernode. 4. A rret hod

conpri si ng: pr ovidin east al fiber rom ) ne menber
el bt ad 1 onAREm st sve R Hne PR BiceE Shadl o8 s LIS s Rl BR: Dor node
coupl ed regersaidifital ogtiealssigrainat saipinirtfierdddegr, and an eI ectrical conductor
coupled to said mnifibernode; transformng a forward optical signal from

said at | east one optical fiber to a forward analog electrical signal on
sai d el ect ri cahereinndinsfonningtsakiiederse ahéibbereatmtez su@rmlloﬁéaimelé?miﬂauar y 2004

transform rd optica ai. d..at a e optical fiber
tora R caeifete R Hadloteiine BPRE MRns R Trtlt o at oai
m ni f i bedigitatieatioqrtbatt pravigdsodrmlatgreturn evie irdericanar fogaeditmial datalstreageal on sai d
el ectrical conductor to a reverse digital optical signal at said

m ni fi bernode, wherein transformng said reverse analog el ectrical signal
on sai d &l ectAicommunicatichscdystem, @osdrisingever se digi tal optical signal at
said mnifibernode includes reverse digitalization that provides anal og
return and interleaver for additional data streanms. 5. A communications
system conpratdeasd onabplicabfiier droen aiptast @ahe fdmeer belented froheihstgraupe nenber

sel ect edcc;nrsgmﬁ B8 HEHRa 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 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.



consi sting 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 circuit; an electrical conductor coupled to said mnifibernode,
wherein said forward circuit transfornms a forward optical signal fromsaid
at least optical fiber to a forward apal og electrical si7grarusa 2604 d

el ectrical conductor and said reverse circuit transforns a reverse anal og
el ectrical signal on said electrical conductor to a reverse digital optical
signal ah. sahdomminfdabersydeEm, camptisieg: el ectrical conductor coupled to
said mnifibernode, wherein said reverse circuit transforns another
reverse anal og electrical signal on said another electrical conductor to
anot her r everstdeakt ghs abtiaapﬁberdﬂorrsa’atgj@t oat meaibkdr selacttd frennthdgroupnd anot her

m nifibern t mnlflbernode wherein said reverse circuit
transmt&" gg@?ﬁ%lé?%deng aa 0pt| cal signal to said another mnifibernode
at a wavelength. 15 6. comrunl cations system conprising: 17 February

o conar s PR ﬁ'f%cogaeeﬁﬁr s b ool SRR ERTRIES | & umi o

at | eastincneingptfomard tirduitrandsaiedlense giréuitber node i ncluding a forward circuit
and a reverse circuit; an electrical conductor coupled to said

m ni fi bernode, wherein said forward circuit transforns a forward optical
signal from san ellealticda[e:aadiucmqmdoupjledftd) baid niinifiserhodejahdreimsdio fprwatdedtcit c al

Fevor se Paiaihs BBk Blse SRRHTIN A BB o FhB R Aty ah5BE" T ever se

di gi ]tald ejgd:tncaiIS|g$1agmra$a|G1EIectsraaicbondumtcbn drer saitieyveaa direniot dreformis rai revdree node |
Cever se WAL HPeR nAPaT G PP BaoRodhi R aF pEla bt LA™ 1 ° =

wavel engsdid mmlf:bernode and
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&:crmsiao'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 ﬁaem‘mglcimﬁtiwdlaneﬂgnal fromsaid

at | east ryal l.ec n on said

el ectrical QQ}SSngcm{th?F H&Paggmg%ﬁ sg ?gﬁg F{% %‘ Lquf@ﬁgcrﬁséo ?ever se anal og
el ect ri cainifiiegwak vmenmldzbeellsmgtcrrcmadietedadlflbeocutt 0 a reverse digital optical
signal at said mnifibernode,

8. 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 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



wherein said reverse circuit includes a reverse digitalization circuit that
provides analog return and interleaver for additional data streanms. 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 forwad circuit, a revergeredrigii2004and a
connector capable of being coupled to an electrical conductor, wherein
said forward circuit transforns a forward optical signal fromsaid at |east
one optial fA bkiefo grovide boewssaldigitallopticat bigotl; comprigiiggnal on sai d el ectri cal
conductor and said reverse circuit transforns a reverse anal og el ectri cal
signal on said electrical conductor to a reverse digital optical signal at
sai d m ni fi bexr modderwiverieba cbmpletatajatnéaﬂtbh@epﬁuﬂiﬁaérr@imdﬁ!ﬁfimmdmer

connect gf . GaR Q'fgmg[ ?Fcul? QLR Gl L%n@% dRL S c?fg}apfe S pefg H@Eﬁﬁ and ii)
sai d reverse | rcul rans Or'is ~anor. reVerse & ePeet T Si gnal
on sai d sangédigeal ebdiictarcal conductor to another reverse digital optical
signal at said mnifibernode. 10. The kit of claim9, wherein said reverse
circuit serially adds said reverse digital optical signal and said anot her
reverse di gi tveereiptsaddbrvarg nintuitdtanstoirms @i foiward eptvatisignd fromAsdid ait leastpr ovi de
a reversg t i , .Sl be coupl ed
fo ot 1 SRsorBrh Tl R FRlerd Ry o MR a3 BB ey BB oy o

ci rcuit ,said newreses:arclmt fransfdrmsagverse analeg etectricapsighad oo fsaldedlengricdbupl ed to an
el ect 11 gl 4GABANG Bl LREREl hidd § ol ffiepiidaet ransfor e a for vard
optical Signha one I ca & to a forward anal og

el ectrical sn@mémo}s&mmmieﬂmdamﬂthdescam&mtzomne@tm‘ capakie nebainge circuit
Lranst or i pRa'is 4FbEEr SAHEH SAREI ARl ShERerliRRk fanGbiGL Kigipl conduct or
to a reverse nal §"afot her

m ni fi beﬁwdeaodpgbleetmﬁl digiahgn 6aldﬁinethet elestancall qmdutftortteramotiler reMaeseei N sai d
reverse gi. se digital optical signal to said

anot her Oqéﬁ{ tfﬁcﬁ ﬁﬁ'aj%‘t&%d%%ﬂt\:/%rﬁée{cﬁét h, wherein said another mnifibernode
includes a sensing circuit and anot her reverse circuit that can transmt

said r eV S€ ﬂ{e%tt cﬁ’lcla%tgi, ﬁfﬂlareﬂ. %@Le\}%?s%kcirtcﬂit §Qri{eﬁjly adds said reverse digital

optical signal and said ancther 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.



m ni fi bernode when said sensing circuit detects a fiber cut. 18 17 February
2004 12. A kit to provide a reverse digital optical signal, conprising: a
m ni fibernode to be coupled to at | east one optical fiber, said

m ni fi bernode including a forward circuit, a reverse circuit, and a
connector capabl e of being coupled to18an el ectrical contiuftlmuaryddddei n
said forward circuit transforns a forward optical signal fromsaid at

| east one optical fiber to a forward anal og el ectrical signal on said
electrich cORlirpPoVidgrreserse digdalandicalsignalicomprisingf or s a reverse anal og
electrical signal on said electrical conductor to a reverse digital

optical signal at said mnifibernode; and a dense wavel ength divi sion

mul ti pl exi ng @nidfiranedaiglbedoupled 4o at lgesticaaptien sberopaid cainifibérbede 13. A kit
to prov' ﬁeluam@%werv&ﬁd dirdliitt §re2Pdd fz&pn%r@f}%on QHEPEépfAbLég?no Jgg&ﬁuhleg%node to

be coupled to at |east oné optical fiber, sard mni cluding a
f orwar d @0 eleglrigal candisiery wéer@ir‘r%aﬂl fonvarﬂdslrawt:tﬁmmmra foapardopticd| sigaphg

coupl ed frém s@ﬂi fh&ft Bhé:é‘étlc%rﬁﬂéﬁ‘?ég OI‘WW @tkﬁlcafl Qighardh &id Elbtical
transforns a forward optica rom gst OI’IEO'[IC? fiber
to a forvmdmtaham%galér@@ﬁﬁ Qtghit amfanmmreslaraﬂe aFlalagt eleaidgal sngoaid:mamt and
sai d 1evgeshcdicbhdidiorits aNSIRELTE Rai :ﬁgf%ﬁ%f@ﬁfﬁ%ﬁ@ HimfBEo68! ar gnal on said

el ectrical conductor to a rever optical signal at said
m ni fi bernode, wherein said rever se circuit includes a reverse

digital t | f
ai:lg: t ?oln ja ilcégfbgﬁxg%ef\g%ﬁé@ﬁ% diRERKInSHp e AMPLIRGit BLMER 1Py LiTESSI aver for
er

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.



