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1. Field of the Invention

The invention relates generally to the field of communications
architecture. More particularly, the invention relates to reverse digitized
communications architecture.

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.
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provi ding at | eastg 8??&0%@?)??(@&1““? ing thigragung AP BE e ct ed
fromthe group cométe%ﬂs@ﬂa:ﬁ%lcahkef@ﬁk@néa@mhavéﬁMbe@fanﬁm%t bgrigde coupl ed
to said at |east one optical fib and an el ectrical” conductor coupled to

sai d mnif ber nodeﬂee@qdalﬁgf%vtﬂﬁnﬁgatérm\éﬁawalmsérpesm alkpifhese requipmenis.d  at
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el ectrical conductor at said mnifi transtormng a C reverse
anal og el ectrical signal on said electri cal conductor to a reverse digital
optical signal at said mnifibegRafe Q’I@ﬁ:% f@N met hods provi de
advant ages because the need for nuxnode unitsis elininated, the cost of
the node units is reducse of the iremmtioitis tf simolptneaaly fiitfethd bogedisasstdand t he

reverse bandw dth ehlﬁre ﬁts%@gl?zgmatmg 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



17 February 2004 WO 01/ 52455 PCTI USO1/ 01244 COMMUNI CATI ONS SYSTEM W TH

DI G TAL RETURN PATH BACKGROUND OF THE I NVENTION 1. Fiel dﬁ)fzeﬁljagn) ABgant i on
The invention relates generally to the field of comrunicati ons
architecture. More particularly, the invention relates to reverse digitized
conmuni cations architecture. 2. Discussion of the Related Art

convent i on¥OYU@¥45%ced broadband system typically includeg® HUSWQEdénd a
muxnode coupled to the headend with an optical fiber, a plurality of nodes
coupl ed to the nmuxnode in a star configuration with optical fiber and a
plurality of end-user syﬁ@ , homes) coupled to each node in a star
configuration w tdsgis Gmcﬁle?onwfmﬂwwrdeQlatb‘a.&/lwsmaéagr)alsusg,nﬂal (i.e.; from
headend to nuxno n The.reverse
(upstream signal qﬁfn?%%&gg%h&ﬁgﬁﬁpeg{dg&{%gﬁt%gl V‘%ﬁmﬂl gh%@g ﬁ%n%ft(g t he nuxnode
| evel is anal og. 'Iniiewder:emeq:rs@dlgitlgwdm c&nmhsglgtaahmtﬂblemoabm\be cotyednoxanode

| evel . A problem n een t.hat xnode units are
expensi ve. What |\§Hr§g%& *Ugﬁcagﬁ%} a(1)(fr)'ge'ﬁ>ﬁll §rné)ne FPB@@#’ 1F°é‘5u%l§’§e’??1e cost
of the muxnode un:iirclsit ahdieadaﬂnyctosaapakbleadsftah;groaa;ﬂéu te leftc@ichliBondictor! he need
for any nuxnode u ther roble wth thig tec y has been t hat
the need to send §?Ir‘§aé otpard g"%‘i‘&ﬂ @%%@W@fﬁ@ Eggﬂaﬁ) OF‘rFéldrﬁExnode

uni t reqw res the*lmeoxﬁfopu@mwr&b ¥ Gorivasieinsloa blektfical BRHA Jn%!iﬂ'elec{m@lr ef ore,
what is also require Zﬁ{:jl that allows | ess expensive |asers to be
used at the node 1€ Ctorﬂd‘fgi re"“ﬁ?ecﬂﬂc@ﬁffﬁsfﬂmﬁﬁlf@efséé%‘éﬁ degricphsiceden t hat

the star confi gur@tshmzeetncamnmaﬁsoaee%fgé@aguaﬂasueaﬁﬁ o€l atively |arge
anount of optical fiber. Therefore, what is also req %ure I's a solution

that.uses | ess opt¥igHibempger 17 February 2004 WO 01/ 52455
' These, and other goals and embodiments of the invention will be better

appreciated and understood when considered in conjunction with the 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.
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typi cal advanced broadband system has limted bandw dth, paELigH ddﬁ in

the reverse direction. Wat is also needed, therefore, is an approach that

i ncreases the reverse bandw dth of advanced broadband systens. Heretofore,

the requirenents of elimnating the muxnode units, reducing the cost of

t he node uwiotes/s24s2duci ng t he anount .of optical fiber andPCTEs0¥aRANg t he

reverse bandwi dth referred to above have not been fully nmet. Wat is

needed is a solution that simultaneously gddresses all of these

requi renents. The invention is directed to neeting these requirenents,

anong ot hers. SUMVARY EXG. THfustibd¢ENBoERNscRerini| vied of Niftrst éxetplarnpn is to

si mul t aneousl y sati.s. t{’l% above-di scussed regr:f?i rements of elimnating the
e

nuxnode units, redt ‘ﬁ?j“ rePESENting 24 rRbGIIRRRt of e {E0% yci ng t he ampunt of

optical fiber and incrersi3nDusidaRs & 66K SBeRARANEWENa sedbiddkemplnt he case of
the prior art, are nqgt sinultaneously satisfied. One enbodi nent of the

i nvention i s base®BHPYNAES FrEEEsetiBEAR prbgdyment oF o inyepdP It | east one opti cal

fiber fromat |east ongigmaNiekrafShBREECHEARD KdEof SRR ERNSYStI Ng of a
headend and a hub, a mnifibernode coupled to said at |east one optical

fi ber, and an el e&ipifiberpodepFrprasenting e empbasimens oftie dnvention. f i ber node;

transform ng a forward optical signal fromsaid at |east one optical fiber
to a forward anal og el ectrical signal on said electrical conductor at wsaid
m ni fi bernode; and transf PESCRYPTIQN I REIHERREIYERBSIPIMEENTS si gnal on said

el ectrical conductor tQ,a reyerse,digital .optical i al at, sai
T bornodar“Anot horadinbEXEh 3% e Phldls raRbesoR st Bind Horeor
conmmuni cat i ons sy ateewplainedmpré flingith adferem@sd themeniipiting @mbbdierts tHaoare at

| east one nenber | ected from the. group consi,sting of headend and a
hub; a minifiber ni‘g‘émf:%‘ﬁlﬁ‘ltéﬁa‘i%mgﬂﬁyﬂ’%éifa ipgs2of defpile fli'ecéluo‘f"i“%er, sai d

mini fi bernode i nclesdtippncofipesfivpddbntbiotigdehls. BBSEriBtionsf Vel &nwh Gothponedfd an
el ectrical conductor coupled tq said mnifibernode, wherein said forward
circuit transfor rrﬁn%pff"bersa% tpehiaes are cgitgrdp af pefrp yaRegessprily phieyte tpt i cal
fiber to a forwar ¢hvemadnQg dehgctri cal signal on said electrical conductor

and said reverse circuit transforns a reverse anal og el ectrical signal
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
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conductor to a reverse digital optical signal at said m Qi,}j:iegﬁ(gp%4
Anot her enbodi ment of the invention is based on a kit to provi de @' ever se

digitized kit, conmprising a mnifibernode to be coupled to at |east one

optical fiber, said mnifibernode including a forward circuit reverse
circuit, a¥9%2B8nnector capabl e of being coupled to an P&T@@PWI?‘Q‘I
conductor, wherein said forward circuit transforns a forward opti cal

signal fromsaid at |east one optical fi g)er to a forward anal og el ectri cal
signal on said electrical conductor and Said reverse circuit transforns a
reverse anal og el edtifibereddes itipnetly saving sarednelegc Thée oxbrse digitaleiation 4t¢hea r ever se

digital optical sign at ., sai mnifihern ._These.. and ot her, goal s and
crodiments of t nETRbRedeYebrd s sBEIF T s ieR R mibrt fhet cod
when consi dered i thedomgstidisttibationyoin, thérebyf inteRnigngversbamadwidti on and t he
acconpanyi ng drawi ngs._ It shou e underst.ood, however, that the

fol | owi ng descripti on, R "1“_%“_?#llg:l'?aﬁ‘%wﬁ’r%g%%‘éedfa@ﬁﬂg&gﬂ@ﬁf@%‘ﬁ t he
invention and NumgioS ARAEéHd gorttRtiadd ferdihebRub i& SouPleds a b Y&, Ghe
illustration and not of linjitation. Many changes and nmodifications may be

made within the BI04 coppled to,lemurnedesi3Ohnaly ened mhichgs shoswmin FEG.spiri t

thereof, and the i aYeflicOfhel I Eflacatd, gn
DESCH T O OF THE Dr N&%e%gg?&c%ﬁéeesg% g%ﬁggrt sah %ﬁ‘i‘%g@‘ﬁgﬁd

features constit ulid¥gs eaveleditp§drancloepticalrftberst 140he O oonsesn therescanibela oper at i on
of nodel systens E{e&\é}%qgss%‘lﬁlnlbelt&eo {ipa\{%gérlbgﬂlt’c é@"flo:lfeagﬁ A odioh ac;hroé"idl 'y
i'ng 1o the exenpl ary, an ere ? 'ng,

apparent by refer e ore nonltm
enbodi nent s i | | usthedtaadh ppticahiEbedy BN ngmupled onfoan tito § manidibémoddsngoa part of

mor e than one- vi ot HUE Galie! ¥R Saia e, SPHAE R rte tneleE S hat the
features il ustramédfibemddee(mfidvfongrh draachot necessarily drawn to scal e.
FIG 1illustrates a @}%hcoln%}/u%gcaagnqesgsatérh %ho\anei\rllvF?(t}. }apr%(v){crilgy l?ci)tg %}riwgrr(]isand
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



architecture, representing an enbodi nent of t’he invention. ' 17 February
2004 WD 01152455 PCT/ US01/01244 4 FIG 2 illustrates a bhﬁggb% 4cC
view of a first exenplary m nifibernode, representing an enbodi nent of the
invention. FIG 3 illustrates a block schematic view of a second exenpl ary
m ni fi bernode, representing an enbodi nent of the invention. FIG 4

i |1 ustrat ¥O8M¥ck schematic view of a third exenpl ary PERETPB4 node,
representing an enbodi nent of the invention. DESCRI PTI ON OF PREFERRED
EMBODI MENTS The invention and the various features and advant ageous detail s
thereof are explained nore fully with reference to the nonlimti ng

enbodi ments that aficothérlfinesibnsakiaovi i thd@ntRderpaiBIGN Y oy ga and det ai | ed
in the followi ng desc gﬁti 0 %fg preferred enbodi nents, Descrjptions of
wel | known conpon8hKeodeysra Prriesehly Barhof ¢ RplsT bandingattoibeterTaertions 8 not t o

unnecessarily obseun®elphsidel weexg;i sfiplk BraflEhiand ph_\fgibﬁ opdat @xtheOf the
i nvention includes advanced broadband service.” The context of the

i nvention al so i némberigent shpwn indiIBy | srefhofdhs krprch optivab fiberg 4429 femianc| udes a
plurality of mni Eiv@%m%%ﬂ'ffﬁgrstl%@cmﬁ : DcheWolodp optical fiber and a
d m ni

plurality of end-users_coupl to eac 1 f1bernode with coax wire. The
forward (downstrean) sEashaf theibranch opfécabihras is conpiidip fiobel trotle to enduser) is

al ways anal og. Thﬁgxgsy@ms f&@hﬁhﬁ{g@@mﬁesﬁg@tﬁd@ LN P pode

| evel is also ana Ignifica e inventron 1 ncludées the use of
reverse digitalizatinifberbeigs hF00g catpladie aplundliy ey, rpp@simatdip §0)edfend, t he

upstream signal from m.nifi.b e level (lowest distribution point)
to the headend i s“ Y §}0_tshlwnsmﬁ§$ﬂ. contrast to the prior art where the

upstream si gnal from theningwestio tiegtverdelibpedtofid sybteinOedch of #RGE4NEH | onest
distribution point s analog. . The reverse digitalization at the

mi ni fi ber node | ev&ptca| 1‘%863 {]Ffbcc’“@]lefifﬁ ﬁ‘lg‘i“g% aysfengthy diysion gudinlsxites |

t her eby savi ng noagy1326hen fe\eRIbSGiment shown in FIG. 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



digitalization at the mnifibernode | evel allows nmuch cheaper |asers to be
used in the mnifibernodes compared to the al ternative V"{I]?FSbr%ag{)é(ﬁ)d
expensive |laser would be required to send a reverse anal og srgn upstream
fromthe 17 February 2004 WO 01/ 52455 PCT/US01/ 01244 5 mnifi bernodes,
thereby saving nore nmoney. The reverse digitalization at the
i ni ni fiber'¥BM2#Bvel also allows efficient 1+1 serial adGi{PEAEH reverse
data at the |lowest distribution point, thereby increasing reverse
bandwi dth. Referring to FIG 1, a two-wayzdigital overlay and | egacy return
is shown. A headend portion 1100 serving one hub is coupled to a hub 1200.
The hub 1200 is &¥WpbrlyoneoiPdighixsheskadn FEBOL. Twityo gnits 1BA0 wie conplpdtoshown i n
FIG 1. O cours r r The
minode 1300 1 s SBApPEo e R R AR IR AT V2 RE BB TIT
can be a greater 1t80, bﬂsé@fWhmhMrshmfm o HIGe &l Eightereiixrahiciiese doaupledsxh
muxnode. Each of e.hr |caI I8 1400 i oupl.ed to.f,rom1 to 8
m ni fi ber nodes 155?5:&]0{‘91 um(Est]nl%[? atﬂﬂ“ﬁj ‘%%5 FEoShS ﬁ7® ld@?léqo%.‘)f%e course,
t here can be nor erdchaérsareskmwnhr«mmnodes (rrFN) for each branch. The
communi cati ons system.shawn i.n FIS I g g) |de bohh forvvarld and reverse
capability. It is inpo lfedﬂs(enp%n% F SEPRY 1cBanELRNIEBIRL ¢ o5
differently with gsg®esdn geﬂzae@msymﬂm%nctheweﬁtﬁﬁmahm@bé edispatibiépi cal |y,
the forward bandwidth will need to be greater than the reverse bandw dth.
Turning to the foPBRe Heféppltigping ﬁ‘é‘f"?%‘tﬂeﬁ‘?fv“i%%d&ﬁ@?féortl on 1100 can
include 16 | asers 1110rh0fptbehitiG@nQisoWRifiuded iSOV Th kifdafPinchude Bfe | RSEr S
1110 are coupled to 2 optical fibers 1190 via a dense wavel ength di vi si on
nul ti pl exi ng uni t all, PEghe cpmpongasthat camppse thel inagor. ddgigrspecifigaly, thekit or mi ng
the dense wavel e VARSY [ tical
fibers 1190 can g%%g%?‘%e dn”ﬁ"??‘ﬁw%‘lf@eﬁ@eu ght ﬁéﬁctgﬂgmjféor\%?{ l&i‘%yr?%gr?l on)
colors. The formﬁhejkltcﬂn@dsospmmgstmamnbéora@mlgmg nimtxewn@o@dcad.v_lmoml t he hub
1200, the optical d t r 1290 (only
one of which is sﬁesoqu'?ﬁo a%?mgf‘?t i 11195: ‘e‘:’“s@“\ik%‘%/eﬁée%”g Sp%mg\ﬁ/)el%sﬁlgn

instructions, hardware and/or soﬁware 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



mul tiplexing unit 1210. The unit 1210 includes resources for carrying out

the dense wavel ength division nultiplexing function. In §p Nt
shown in FIG 1, each of the optical fibers 1290 can carrypgﬁggﬁg%d(?g At

t he muxnode 1300, ‘each of the optical fibers 1290 is coupled to 8 branch
optical fibers 1400 via a splitting unit 1310. It is inportant to realize
that the nYR9%8#55 s an entirely optional aspect of the iFfFROBR The
splitting 17 February 2004 WD 01152455 PCTI ETS01101244 6' and ot her
functions (shown in the enbodinment of FIGg 1 to be part of a nuxnode) are
preferably part of a sinpler branching unit, these functions can "even be
provi ded by very d&osprrefesplywittin 8A% qfhyBliederm eoypled.sas uped hepain, ivdefined nent
shown in FIG 1, ek L ma given one
of the optical fi gggcgm%%%g@%@%ﬁgg%ﬁ%&?&ﬂére&h @5‘?“@%}2‘3%4“9% he branch
optical fibers is msshasically.t Bhef temmreboureesSis usadrhiefding év definied asl ddvard riddorgr oup

of I to 8 can be . e f the mnifibernode 500 is
coupled to a pl urtgi | tygfog.a%%ﬁ%%?%@ﬁfabteg?@%Wa‘%fasé’ﬁ d elﬁ%'ﬂ’r%a?-é‘e Adt shown
in FIG 1). Turni tgonomotedineshef codwihitan bs@ecitedby 4 bemayat em each of the

branch optical fibers 1400 is al so couB:ed %o a dense wavel engt h di vi sion
mul tiplexing unit 1320. In the enbodi ME¥dwn in FIG 1, the unit 1320

conbines the signals EpealficknibolihRhSRE thHe WvRhson Willdiohe AR deferib&tfbd
clusters of mnifibernodes. The unit 1[320_i ncl udes resources for '
i mpl enenting t he d&HSlOWiAs doalgtng expmplesivdichwllserve éxillygratancomedetil of t he

m ni fibernodes 15Q8i6@ Reatdred F¥lghiflcene! BR hafad éeﬂﬂerﬁeﬂh{ef'e%r Eﬂfﬁcilit%l or, or
the reverse signals fromthe mnifibernodes on a branch can be serially

added and carri ed2byndsiganding of wayhia whisidhesiavention mag ha orastjcasaand be
approximately 100 g@r enkBR, Eakill [ that, the. reverse
colors can be conpl el'E %nl éﬁsgérseﬁl% ﬁftgﬁﬁn}%t?%é@g%%?@%%o nopgc.cmltdfngg'a ®al so be
appreci at ed that expassowd not beyronstrued astiheitingitha schpe 8 0@, inveltian ctheopt i cal

fi bers 1400, and gjtfﬁ'}efnkgggtggglecﬁe éé%?hegﬁs?}ﬂﬂ%{ﬂf&?wa hybrid star- | oop -

net wor k. However, e tnvention I's mted to any particul ar
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.



networ k configuration. For instance, each of the m nifibernodes could

define a | oop sub-network, thereby defining a hybrid | oo
Further, instead of deflnlng | oops, the branch opti cal @ Eg@%ggxﬁgﬁ%e

deployed in a linear arrangenent, thereby defining a hybrld trunk-star or
trunk-1oop network. It would even be possible to termnate a branch at the
| ast mi ni fW@erydde and run the reverse aspect on the s&EE/USPHHR44t hat runs
the forward aspect. The dense wavel ength division nultiplexing unit 1320 is
coupled to one of two dense wavel ength ¢ vision multiplexing 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. Themplke units 1240 are coupled to a

pai r of dense wavel ength divisio pl exi ng, uni t él 0 V|a. 2 opti cal
Prbers 1180, only 4 arsttidsElpBolHI R PR G g ARBIDERS®L1 70 ar o
coupled to each mbold&ﬁxdmhwarﬂelﬁﬁnp(oherﬂsasxﬁﬁﬁ;ﬂé1qﬂus&5@fdﬂ@6¢ﬁigver5 1170).
(Only four of the  receivers are |nvent|on can be

conpati bl e with F4AHPE3 EWBH‘HE’P‘SHUAI“PW?‘EO% H}b}: d’Pté‘iaf'?lBEIP 1%is ceenied tedhe MVDS)

standard. The i nvgnkdl @BeiCR05 ALsAdMBoHPIB Uy ddh&iia NickR cbﬁ'@ol%nit@@ﬁlsrml tipoint
di stribution servi ce?éLNDS) standard. The invention can al so be Included in

a kit. The kit ceaRuplptiodbranother2.543b/s eptical Ryf30dfanddapeoehl Wshmdlkorrpose
the invention. NQ&'&@es?%%f 250! | dhotted®5 ks o gﬁ@a@Tk@éo‘dﬂ@d?&?ﬁsegﬁdl £

m ni fi ber nodes, and ot her conponents of the Inventio
cont ai n i nstruct i2oh&b/s aredigragesss edntig! mm@mﬁa@ﬁmon‘r@hﬂqu@%lﬂnal resour ces

for carrying out gm}glle Qf‘f&gsf f(i))? pedu{!%!%?ﬁ? an%tﬂ}{esﬁ%zﬁ ﬁg gdubﬂem?q% redundancy

i nstructions, har war'e” of can sane ‘as those
used in the invenprovided diten additiendli2onGlysdatabtsamutan be peovitiztia The scarisi ng

met hods that tra fortmdﬁJﬁr%ntas %Fanalog to digital (AID and/or from
digital to anal og *('DYA) " THE Y&F8#E on can also utilize

mul ti pl exi ng-demnul tipl exi ng techni ques.Exkileinvention can also utilize data

processi ng net hods t hat Iransf rmsigpals, from aqne_rmultijple_access
standard to anot her. %h@‘rij Wﬁ“ﬁ‘gﬁera?@ds thomniip §1¢ e A minifibernode

4000 includes the same components as in Example I, 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



comuni cati ons bandw dth provided by the systemto carry diagnostic

i nformati on and/ or control commands to actuate i nt er connegy ?bt@'a g

har dwar e el enments. As an exanple of the former, state variable rrdformation
representing one or nore aspects of the system can be the subject of a
system query (e.g., periodically reporting the load on a mnifsbernode to
a control WeHMB#er at the headend). As an exanpl e of t RETUSIVUA one or
nore conponents of the system can be reconfigured by a system comand
(e.g., sending a command froma control 1ﬁorrput er at the headend to a
mnifibernode to transmt reverse digital optical signals at any of
various avai |l abl evifteally irenmierable usdifer the investppy dkofiveticl yeed aist besdethiledr ei n, i s
defined as at le eclose to a given value (e.g., preferably within 10%
of, nore preferabl’y'within 1% of, and 17 February 2004 WD 01/ 52455
PCTIUSO / 01244 8 nost pref er abl y Adivdnkigss 6F thdnoéntionThe t er m coupl ed, as

used herein, is defined as connected,, although not necessarily directly,
and not necessarily ORGPy m &%d at“g}roﬁﬂs 6?96?5{1“%53“&@8¥W§F"‘ei n, is

defined as har dwejfehedfebhtitn, caobd Wl @febeve ang RiRMIaBEND (608 Wattthelhe term
program as usedfh rein, is defined as . two or nore |lines of code that can
be executed by a BlHH0S BrSOnEy g inpentionpliminates the pagformprrodsunith eThenyent i on

will now be furthgyenlgsehidee theRYst of 18 nb@ by 7He inO&Moh%éﬂcE&h@éﬁﬁm{es whi ch
I gni

wll serve to illustrate in some detail various features of s i cance.
The exanpl es ar e Gfgpiéabiher papied withthedybrid petwerks. aRheinvention anra¢anes thf ways in
whi ch the inventirg‘;brggql}{.eﬁgn%mih&ed and to further enable those of skill
inthe art to practice the invention. Accordingly, the exanples should not
be construed as |im t iAlighe dieclesed pmbadimette of the erventom. deFinibed Hekiane be e

et weer e XL g5e) byl GRS R THRTRLS. byfolih b oBLEEEL T,
fi ber 2005 and owfpartyiig dtheA0@&ntiontrmtamypated i the inv2M05 is disclogdpbed, t 0 an
anal og opti cal R>i3ra20 %eo of%pedingen%bg is(?l%/t ﬁm?tgé éh%?elto. %ccg%}n%ly, Tth“erill 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.



anal og optical Rx 2010 is coupled to a-coax connector 2020 via a 64-800 MHz
output link. O course, the invention is not limted to a?gFB ta' ﬂgﬁ
frequencies. The coax connector 2020 is coupled to a plu I|§{>J bg. -
approximately 50) end wusers, not shown in FIG 2. The coax connector 2020
is coupled to a quadrature phase shift keying nodem 2025 via both a 8-9
GHz out putwbiondessand a 9-10 GHz input link. The coax cornRfd¥HHIBEDO0 is al so
coupled to a 9 to 11 effective nunber of bits reverse digitization unit
2030 via a 5-48 MHz input. The reverse digjtization wunits 2030 is coupled
to a 2.5 CGb/s optical Tx 2090 via a serial” addition unit 2040. The 2.5
Gb/s optical Rx is al sThesppphded claind &€ ndt 15 b&hepreRl bibluding 2R8&-pivd-a t he
serial addition unit 2040, as we|l as via_a. 400-600 M/s data stream 2050
that i s shared wi ?'m%%h@“ﬂwadw &3 e a fimisationgs explicitly gerated iy o8iethe rever se
comes in from thejangudhDeeiphfisdMnidahi REr NOGEditRlmbhdiHeNe dfhe 3Mntich Passed
to the next mninode after digitally adding the local information. There
is no protection. a@ﬂlﬁ@w@gﬁdwghmpmeémm PCT/ USOl / 01244 9 Exanple 2
A second exenplary mnifibernode is shown in FIG 3. A mnifibernode 3000
i ncl udes the same conponents as in Exanple 1, plus the follow ng '

addi ti onal conponents. Another 2.5 Gb/s optical Rx 3010 is coupled to the
optical fiber 2005. An additional 2.5 Go/s nedia access control unit 3020
is coupled to the another 2.5 Go/s optical Rx 3010 and the 400-600 Md/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. This exanple allows for redundant Tx and Rx so that sinple equi pnent
redundancy is provided or an additional 2.5 Gb/s data stream can be

provi ded. The second Tx is at a different wavel ength. Exanple 3 A third
exenplary mnifibernode is showmn in FIG 4. A mnifibernode 4000 includes
t he sane conponents as in Exanple 1, plus the follow ng



addi ti onal conponents. 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 Gbls
optical Rx 2015. A direction switch 4100 isolated the serial addition unit
2040 from the 2:5 Gb/s optical Rx 2045, the another 2. 57 3éisuaptadooal 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 unit 4200 having n x 100 Mo/s
shared wWCLAIMB t he nFN cluster is coupled to the direction switch 4100. The
m ni fi bernode 4000 has equi pnent and route protection. The m nifi bernode
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 ipventj .value within the technological arts is advanced
broadbanﬁ seréﬁ%g%géé?EE@?%fthe invention is wuseful in conjunction with
on-demand broadcasting (such as are used for the purpose of interactive

t el evi si on), . j i oOn. W internet, activities u s are used
for the. pur pod@ o Best e hathlol il BeSe G nfirbe fauectéiam e, °1 7
Febr uar ygr200 4onadtiag /ob 2 £68ddPCTdrids0AUL) B2viifibernode couéd §o saihattesasilbbhe uses for
the i nveqt,i I f i t ai - ... Advant ages of the

| nvent i oéptkg@g)%ﬂrualﬁp%gte:{%ﬁrg&}rgﬁ%gagg%ﬂ?pg?éj@y%fc}eﬁ%[ff%ﬁo@?enti ng an enbodi nment
of the invention, can be cost effective and advantageous for at |east the
following re e inventi | M At for xnpde units. The
i nvention re?ﬁ%&?@ﬁg %@&E@Ppﬁﬁ%%wgg]efp%?%ga? achl?ﬁev kc?lomﬁef:gocﬁjces t he
amount fofwargienslap efdchizal sigipl on sdidwilédiridaheoritipbtor dt seed winifitsernddee | nvent i on
increases the reverse direction bandwi dth. Al the disclosed enbodi nents

of the invention described herein can be realized and practiced w thout
undue exper i narsaringy. a fEvelserghloghededingst sigpalen safd destrisal cgndugtortihe

| nvent i oRyGRB' B! GHiBd fohat MsalidWFRicdRudeS di scl osed above,

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;



practice of the invention is not limted thereto. Accordingly, it wll be
appreci ated by those skilled in the art that the invention nmay be practiced
ot herwi se than as specifically described herein. For exanple, the

i ndi vi dual conponents need not be forned in the disclosed shapes, or
assenbled in the disclosed configurat{®mn, but could be {reatirdgs 2004
virtually any shape, and assenbled in virtually any configuration.

Further, the individual conponents need not be fabricated fromthe

di scl osed ndtansmilisg sdidreverssd digika optidat sigadlad ahotber minifibeadddg samy sui t abl e
mat eri al ave\:é;]rw% d al t hough the mnifibernode described herein can be a
physi cal Ty Separate nodule, it will be manifest that the mnifibernode may
be integrated into the apparatus with which it is associated. Furthernore,

be conbi ned v NS SHRLer@ gt BhYT ol 8L aBOLBERNER RN Foa ur cs

of ever yarotheewadelsogtbsed enbodi nent except where such el enents or features
are mutually exclusive. It will be manifest that various additions,

nodi fications and rearrangenents of the features of the invention nay be
made w thout Alenettatd sognprisingm t he spirit and scope of the underlying

i nventive concept. It is intended that the scope of the invention as
defined by the appended cl ainms and their equival ents cover all such

addi ti ons, nuuoYidiogtk Bast orempticaldibeaingre mb feast onAONOhbE2skEctdd frétmlinaiar y 2004

PCTI USO : cl al ar. | nt r S

el udi MOHe S islng bFE nARRAATA £hdt AaliBerihe bl i e RIBedENE, |

expl i ci tdapficeldibet, @ddian eedyicabeondobial noumddiy saivbmpifibermedé;neans for. "

Expedi ent enbodi ments of the invention are differentiated by the appended
subclainms. 12 17 February 2004 CLAIMS 1. A nethod, conprising: providing at
| east one opttraraforminger fofwarthopticdl simel fome saidrd Basseieeatiedl floeotn 4 he  group

COQSi st ifeﬂva(?(fj aﬁa!ggg%%ﬂga?ﬂ&]a?onggid e?ec%cﬁi I:ér*?ﬁ%ﬁ?g?sa(fc? %i%rﬁ&des,ai d at | east

on

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



optical fiber, and an electrical conductor coupled to said mnifibernode;
transformng a forward optical signal fromsaid at | east one optical fiber
to a forward analog electrical signal on said electrical conductor at said
m ni fi bernode; transformng a reverse anal og el ectrical signal on said
electrical conductor to a reverse digital optical signal7pébray2004

m ni fi bernode; providing another electrical conductor coupled to said

m ni fi bernode; transform ng anot her reverse anal og el ectrical signal on

sai d anot her tedrafdrmireed foneaddiptital sigheal feoro shidrat leagesrseolicgl fibal toopt i cal

si gnal sai.d mnifibernode; and serial addj ng, said.reverse digital

opt! cal erdatt Endind elisfe ket of St ial i Elor &t 4 et faf' oo o

m ni fi bernode. 2. A nethod, conprising: providing at | east one optical

fiber fromat, | east.one nmenber sel ected, fromthe. grqup,consisting of a
headend and. aT MBI VT BAMABIE AR HEMD S SaitFIaar A SSFOLSI O Bt f ca
fiber, ardeaa digitecdpticalaigrnabaiciaid minifibermided to said m nifibernode;
transformng a forward optical signal fromsaid at | east one optical fiber
to a forward analog electrical signal on said electrical conductor at said
m ni f i ber nodexvhé8intankfabningrspid2@0drsé aasisgietdctrivg! signal on exidretaxtribagi t al

optical sianal to_apother m.njfibernod t .a _.wavelength; .and transmtting
obi o evEralag: ol RGP Lot AR A e TR R RS e at

anot her digitedizativgtthat Bovidesnaishmpretonpnd sritergsaver fov addithabtataegsamene opti cal
fiber fromat |east one nenber selected fromthe group consisting of a
headend and a hub, a mnifibernode coupled to said at | east one optical
fiber, ahd anAebmotunicatibnscsystiugtcompesingl ed to sai d m nfi ber node;
transformng a forward optical signal fromsaid at | east one optical fiber
to a forward analog electrical signal on said electrical conductor at said
m ni fi ber nodeat I¢ashnsé optinahfipen froevalrsast anamagnitadr eclecied #onsihgyabupon sai d

el ectrical reverse digital optical signal at said
mnifi be&ﬁgégﬁéjg%aﬁéﬁeﬁfj%ﬂa aJ %d reverse digital optical signal to another
m ni fi bernode at a wavel engt h;
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.



sensing a fiber cut; and then transmtting said reverse digital optical
signal back to said mnifibernode. 4. A nethod, conprising: providing at

| east one optical fiber fromat |east one nenber selected fromthe group
consi sting of a headend and a hub a m nifibernode coupled to said at |east
one optical fiber, and an el ectrical 1gonductor coupl ed tor&rigty 2004

m ni fi bernode; transformng a forward optical signal fromsaid at | east one
optical fiber to a forward anal og electrical signal on said electrical
conduct o8. at Aabaimunitiafiodzesysteoe ;compdsihg: 17 February 2004 transformng a
forward optical signal fromsaid at | east one optical fiber to a forward
anal og el ectrical signal on said electrical conductor at said

m ni f i ber nodeat leasd ohe apitdabfivarfignaatreast pae mendlep geletted fromctak gsoupnal on sai d

el ectrical n (.10 reverse digital optical signal at said

mnifi be%ﬁgggvg\g\ﬁ%ﬁ%?otﬁ”f’%Qﬂ?ferb@m ng said reverse anal og el ectrical signal
on said electrical conductor to said reverse digital optical signal at
said mnifiber nodl irnc ucdoesE rgver@e edi gciftal i,“za]ti Qn Stl at;n@éovi ﬁes anal og
return and int &7 eaver efor”pgg P et r%l | ne?%ﬁf@é‘r?ﬁ.’ 519 TANCBHIGHT cat i ons
syst em iacioging i foguardtirduiiasid aoeeespicircat, fi ber 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 mnifibernode including a
forward circuan elaottical coathentarecotpled W said ariniBbernddd, edkerairosaid tdreardcanepited t o

opt i cal G R B BaR BB D i abiot b LB R ol og
el ect ][ i calectdcal sighalbon sad dlleeﬂriea!tqohdmtomltmm m:verzsaatir&_ﬂi tchnlsmrmls_saerecérseugt
to a rovaRD BBRYEIR Bl TL S0 SeBRkh SRbu b e Rtef Bolaaleh SpBlaty " "

el ect ri csdid onitthechaxe; eodipl ed to said mnifibernode, wherein said reverse
circuit transforns another reverse anal og electrical signal on said another
el ectrical conductor to another reverse digital optical signal at said
m ni f i ber nodeanddimat rainifibérendecoudiediersagdninifiveplodd, wioersiaisaidrenerse lsecuibde,
wher ei n o Lreuit s is.. sal el optical signal
o el d tgér?li{gﬂ'ﬁgsfs\éﬁ{ rafiers ditth Cpé)ﬁé%lasgb%rgl {SsarPhbth &G hRBefbad LA

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;



wavel ength. 15 6. A communi cations system conprising: 17 February 2004 at
| east one optical fiber fromat |east one nenber selected fromthe group
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 conducigr coupled to sai dinFédrialpeopade,
wherein said forward circuit transfornms a forward optical signal fromsaid
at |east optical fiber to a forward analog electrical signal on said

el ectrical coadeletitcalanddgdordoupied teeaid mikifibdrnodeansibmimsaiad forewer dreuit anal og
electrical signal_on sai l.ectrical .copductor. to a reverse digital optical
i gnal - arensLortG R iofftrs Beferd it ek an B Ah Bt aPlind ol R BN AP ERb o cai o

m ni fi beelacideal sigher @i suid¢ eledtrica\cendictan ardusaid reive@a sirtdistrasfaimseveraee di gi t al
optical signal al not her, m.nifibernode at a vel engt h rein said
anot her A Pekfed YRR RIE oo ena R s dbuftee ARISRIPH ol ts o o
rever se shigintirdfibeopddecahd si gnal from said anot her m nifi bernode at anot her
wavel ength. 7. A comruni cations system conprising: at |east one opti cal

fiber fromat |east one nenber selected fromthe group consisting of a
headend and aaruifier nainifibembdd esuptatctocaigrhmdibemosla) whertinl saabsrievense coopiit cal

fiber, saj 1 ni_fi n Ldncludin forward ci.rcuit and a reverse

ci rout ¢ - T Sald iBEGRS Bl R S1ele B ol AR Db beBE R {0 o

m ni f i bewanedengtiwherein said forward circuit transforns a forward optical
signal fromsaid at |east optical fiber to a forward analog electrical

signal on said electrical conductor and said reverse circuit transforns a
reverse anal whereinexid arcdhersnigifibdérnode saiudesbeebsing alkcuit@mdwaobtert o a rever se

digital i.cal _sjanal id. nlfibernode: an no r..minifibernode
coupl ed BabisERiofi Aiftardtansil'Aighelerst SEP P FeodRnaBRIE e '\ o 1o sai d
rever se minifiteaiodeptheaaiaidssegnipl cirouisdetdctandibbecutm ni f i ber node at a

wavel engt h,

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 another mnifibernode includes a sensing circuit and anot her
reverse circuit that can transmt said reverse digital optical signal back
to said mnifibernode when said sensing circuit detects a fiber cut. 8. A
comuni cations system conprising: at |east one optical fiber fromat |east
one nenber selected fromthe group cpnsisting of a headegrekbingly 2004b; a
m ni fi bernode coupled to said at | east one optical fiber, said
mnifibernode including a forward circuit and a reverse circuit; an

el ectri cal cokkitict wovideapéedse digitaliogtical sighalbeompriking:wher ei n sai d forward
circuit transfornms a forward optical signal fromsaid at |east optical
fiber to a forward analog electrical signal on said electrical conductor
and sai d rever mifiterredietto be angfled frsatdeast vee spticahfifzdrospid nddfibvéroade si gnal on
Sal d _eI Eiﬁct,llrnjjﬁéllaf %g&&}cﬂﬁ é%v@rsreechgﬂi?%ng'a%o%%ctﬁlpé' gél?)llle of bdi} IcoﬁE)led o d

m ni fi ber node, erel i Sh T ePE T e i P REP UGS R T eveErse

di gi t al iaretledricag coicduictort hat provi des analog return and interl eaver for
additional data streans. 17 17 February 2004 9. A kit to provide a reverse
digital optical signal, conprising: a mnifibernode to be coupled to at

| east one optwitaeinfsaliebrwasdcidouit trensfdoms mddmvard npticatisigogl drofrosadhateastr cui t, a
reverse o%erc%'}]’ihél’ﬁbgpgaaf R,?é}a%%@g e‘fe%%gls i oﬁg'alaga&c?h' | E6hdutor aRg €' ect ri cal
conduct or, &7 ern Sal d TorwardeGireurt Pransrorm. a torwar optical signal
f r om saiskichtevemsasircuitinnstipmiscalevéisb enalbg etecirialwignhl anabidgeledtiiei ri cal si gnal
on said ' ! ! . sal = preuit transforns a reverse
anal og eq%éggétﬁttgfg rg?é’r%%iﬂi?gﬁ)t%f%pgllﬂgl sﬁn%é?ﬁaﬁdéﬁnﬁ@gﬁ%d%tor to a reverse digital
opti cal si gnavheseinglesaid minifibierireieriociedesvanether sonnecsaicdpatlaof bdieg node

| ncl udes ARRLRSL SAONGELAL SBRANGE oA iPEh Ty ARl ER KbABRRE fRfing! ect i cal
conduct or "and T 51 said feverse circurt/’tfranstornms another Teverse anal og
el ect ri oaversé gnalbg eleckmalbignad bheaidelnether elealricalmoddedtor totamotigotdverser ever se
di gi tal j L: I : i mnifibernode. 10. The kit of claim9,
wherein Oi@l{dclig ec\??é%"'gﬁé}calt géc'ﬂi%?h@%érbgﬁ'y adds said reverse digital optical
signal and said another reverse digital optical signal at said

m ni fi berpod ' F OV e o] ' Lgnal ,
conpri sﬁldg;: zThr%lk:iﬁ ?fiébééjptr?og'ee%(')rp%elgEeo\%b{ee%ép %g%r?é"?gggé S%ﬁgé\%g%? @gﬁgﬂfi ber,
sai d m ni fi beyplicalesignal 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.



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 anot her m nifi bernode capabl e of being coupled to said
m ni fi befhodeA kiliepwvide aygverse digiakaticalrsianal, comarisingt s sai d reverse digital
optical signal to said another mnifibernode at a wavel ength, wherein said
anot her mnifibernode includes a sensing circuit and another reverse
circuit that egnnififeineda to b§eﬂ°@lplﬁd\t@ﬁb|@a%t|0@et0@tlcaiiﬁb%rcadildSnlgiﬁmmb@:k to said
m ni fibe e i ebruary
2004 12, P e bl and £} T BtoP cpbetE offding cHipA b7 1 2
m ni f i beAhelgetricd Oﬁéd*&i@pré@Iretbe%ﬂ fqneargitcw@wtetr@rpﬂfﬁsrma foruward opﬂ@ﬂlélgnal

m ni Ti befrgadgiq e1t }"gﬁé‘Spt%a e Qf&WE%ﬁai gaelétﬁff@an ?ﬁngl' ditdlid elefifla@
connect or capab bei'ng coupl ed an electrical 2conduct tor, erein

sai d forVﬁﬂd(slc@l'ﬂ@djﬁ@'dﬁ\@i@f%ﬁcﬁ%t@n?ﬁ@mﬁi wvgrﬂawlogsalgﬁmal signalransssidl at

| east onge@RtdCBhdUAIES at r@véi‘sé@ ?t:@aﬁ@lgﬂgl ﬁlsﬁﬁtrﬁhﬁ@am&ig%d on said

el ectrical conductor and said eve se clrcult transtorns a reverse anal og
electrical signal on said electrical conductor to a reverse digital

optical sign i sion

mul ti pl exi nga'%:F?ﬁsﬁé\%ééﬂgmeﬁlblgfgﬁgxﬁalﬁfg:)leﬂﬁqjggcgﬂ%gﬁ@ea"g%%@Qﬁlta?stgig}é 13. AKkit
to provierlical flasier se 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

coupl ed 1d o kifteprorvide a revera disitaroptigaleiasiah comptsingr war d ci r cui t
transforns a forward optical si gnal fromsaid at | east one optical fiber
to a forward anal og el ectri cal nal on said electrical conductor and

sai d reverse %W’@iﬁetm@qeatﬁ#cﬁoﬁﬁleﬁ ¢ allepgfongwplienl fiberesdid ndaifibenedml on said
el ect ri ciakiuging Ausinig bR, & RYRFSECIURI 4l &mnbe@ céﬂa@;‘i@&f t%‘ingséyugled to

m ni fi bernode, wherein said reverse circuit I ncludes revers
di gi t al | ¥FhelPeicalicopdigtor; wherejsy $Aiq fnaward girsyibansierms @nuarﬁmpwaféwek f or

addi t i ongdm @aidaat iasBaiBoptical 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.





