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Field of The Invention
[002] The present invention generally relates to communication systems and
methods and, more particularly, to devices, systems and methods of expanding the
effective frequency range of broadband communication, for example, over a cable

20 television network.,

Background of the Invention
[003] Cable television (CATV) is a form of broadcasting that transmits programs to
paying subscribers via a physical land based infrastructure of coaxial (“coax™) cables

25  or via a combination of fiber-optic and coaxial cables (HFC).

[004] CATV networks provide a direct link from a transmission center, such as a
head-end, to a plurality of subscribers at various remote locations, such as homes and
businesses, which are usually stationary and uniquely addressable. The head-end may
‘be connected 1o the subscribers via local hubs, commonly referred to as “nodes”,
30 which route the flow of data to and/or from a predefmed group of subscribers, e.g.,
hundreds of subscribers, in a defined geographical area, for example, a small

neighborhood or an apartment complex. The typical distances between the local nodes



hundr eds of subscribers, in a defined geographical area, for exanple, a
smal |  nei ghborhood or an apartnent conplex. The typical distances between
the local nodes 2 and the subscribers are relatively short, for exanple,
up to a few thousand feet. Therefore, the comruni cati on between nodes and
their subscribers is commonly referred to as "last mle" comuni cation.

[ 005] Existing CATV networks utilize?a signal distribution service to

communi cate 5 over multiple channels using various forpats, for exanple,
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| ocal subsgries such4t PRt bcdeddichphodydbdmofdie head-end is the central
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si gnal sio wiirotghaeasxial pendaeforsoordEqugh £t ERRRIMLGR & RIS ¢ G*8Rdar d

frequency %@J%ﬁﬁé&gﬁ%ﬁag{eg 8o Mi&ZsdoerBEQ HHZCADV dyftetnOInl a @OfveMitnaby

recently in uce ing technol ogy) are npdul ated _one& |i ght beam
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via coax cables.

{007] The head-end is the central transmission center of the CATV system,
providing content (e.g., programs) as well as controlling and distributing other

information, e.g., billing information, related to customer subscribers.

20 [008] The downstream signals, which are limited to designated chmels within a
standard frequency range (band) of 48 MHz to 860 MFz (or up to 1,000 MHz by
recently introduced Stretching technology) are modulated on a light beam, e.g., at a
standard wavelength of 1550 nm, and sent to the local node via a fiber-optical cable.
An optical converter at the local node detects the optical signals and converts them

25 into corresponding electrical signals to be routed to the subscribers.

[009] In the reverse direction, the local optical node receives upstream data from all
the local subscribers in the last mile section. These are carried by RF electrical signals
at a standard frequency band of 5 MHz to 42 MHz, which does not overlap with the
downstream band. A converter in the local optical node converts the upstream data

30 into corresponding optical signals by modulating the data on an optical carrier beam,
e.g., at a wavelength of 1310 nm, to be transmitted back to the head-end.



the |l ocal subscribers in the last mle section. These are carried by RF
electrical signals at a standard frequency band of 5 MHz to 42 MHz, which
does not overlap with the downstream band. A converter in the | ocal
optical node converts the upstreamdata 30 into correspondi ng opti cal
signals by nodul ating the data on an optical carrier beam e.g., at a
wavel ength of 1310 nm to be transm Bted back to the head-end. 3 [0010]
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performance, then the intermediate quality RG6-cable, and finally the basic quality

RG-59 cable. All drop cables used in the indusfry are usually connected using

standard “F type” connectors.



5 [0013] Devices, systens and/or nethods according to sone denonstrative
enbodi nents of the invention may expand the operational bandw dth of a CATV
system for the downstream and/or upstream paths, e.g., by 2 G4z or nore
(an inprovenment of nore than 200% conpared to the |imted ranges of
conventional downstream and upstream signals). This may enable

conmuni cati on over nultiple ] o channrels at exceptionally high data

transm ssion rates, e. up to G gabits per second. [0014] Additionally,
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enmbodi ments of the invention, at |east some of the existing 25 Consumer
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The exi sti e f (el<Tel Qé 1.he opti cal
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with the system of the invention in some embodiments, e.g., using the coaxial cables,

active devices and passive devices of existing last mile CATV infrastructures.

[0015] Some demonstrative embodiments of the invention introduce a supplemental
20  and/or alternative method of last mile communication between nodes and subscribers,
for example, using a local fiber optical system that may carry expanded broadband
signals, e.g:, in parallel with an existing local coaxial system, wherein the local

coaxial system may continue fo transmit legacy signals in an uninterrupted manner.

[0016] According to some embodiments of the invention, at least some of the existing
25 Consumer Premises Equipment (CPE), for example, existing Set Top Boxes {(STBs)
and/or Modems, may continue to operate "as is", e.g., for transmitting and/or
receiving conventional signals and/or expanded broadband signals. The existing CPE
may be uninfluenced by the paralle! local fiber optical system of the present
invention. Accordingly, methods and/or devices according to some embodiments of
30 the invention may be implemented at a reduced cost and/or complexity compared to
conventional technologies for extension of bandwidth over CATV networks that may

require the use of non-standard and/or proprietary CPE and/or head-end equipment.



[ 0017] According to sone denonstrative enbodi nents of the invention, the

| ocal fiber optical system my be used in conjunction with a | ocal coaxial
systemwi th an expanded frequency band, for exanple, a coaxial system

enpl oyi ng suitable frequency up-conversion and/ or down-conversion schenes,
also referred to as Block s Division Miultiplexing ('BDM'), e.g., as
described in U S. Patent Applications 10/869,578, filed June 16, 2004,
entitled "A Wdeband Node in a CATV Network" (Reference 1); European

Pat ent Appl [002T]i Asofditiz5B48te denoneralive embOdim2O84f thairvehted, tHeAowl deband
Node in a CATV Network", an uhl.i shed cember, 21, 2005 as EPR, Publication
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July 14, 2088TUSRCYIB-TOHITomh & n-COR BRI EEEE 5(5?2@ grdieas %5)0,0 the entire
di scl osug espafisigl MRfiplédihe =PI, Cak.1 Q8 Sdeddrided | IACOIP Paine dfpliERion by
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g
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enmbodi nent s t i ion ex Lon 0] and/ or
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achi eved, or. exa e, by npdul ati ng, dqownstrea .Qr upstreamsignals to
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For exanple, in sone enbodinents, visible light beanms of two _different
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system implementing BDM, forming a hybrid system that enables hyper expansion of

symmetric bandwidth at a relatively low cost. Additionally or altematively, the
downstream and/or upstream bandwidth may be expanded by DWM and/or Dense
20  Wave Division Multiplexing (DWDM) technologies, e.g., as are known in the art.

[0018] Some demonstrative embodiments of the invention may enable expansion of
downstream andfor upstream transmission bandwidths of CATV systems, using
relatively low-cost optical elements in the local optical system. This may be achieved,
for example, by modulating downstream and/or upstream signals to be used by the
25 local optical system on a carrier light beam at a wavelength that may be reproduced
by relatively simple optical devices. For example, in some embodiments, visible light
beams of two different wavelengths, e.g., corresponding to the red and green
spectrums, may be used for upstream and downstream, respectively, in the local

system.

30 [0019] According to some demonstrative embodiments of the invention, the local
upstream and/or downstream wavelengths may be different from the downstream and
upstream wavelengths (e.g., of 1550 nm and 1310 nm, respectively) used for

communication between the head-end and the local nodes.



30 [0019] According to sone denonstrative enbodi nents of the invention, the
| ocal upstream and/ or downstream wavel engths may be different fromthe
downst ream and upstream wavel engths (e.g., of 1550 nm and 1310 ran,
respectively) used for comunication between the head-end and the | ocal
nodes. 6 [0020] According to sone denonstrative enbodi nents of the

i nvention, expanded downstream datasefromthe head-end nay be detected at
the I ocal node and converted into corresponding electrical signals, which
may then bej0d20]tAresrdmgnie esotne dlemorsttative athbodimenss af Steaindentidn expewiedit h t o be

routed to the subscribers via the. | I i al d upstream
data fromt mﬁwcﬁ%ﬁp@ %@ea%"gn%@? ggef' g%@cg%ﬂ E?ﬁ%esll}%allcglpaen%ge@é g\r?]c (?conver t ed
into el ect ripRadorSipendihs elediricnl Sigmile] ahith wprytthendtr fhaimad wordetted devtticalipn
converted into correspaonding optical,signals to he.sent back to the

head- end. ﬁﬁi@%ﬁ@&@@“&p&t%%% iR the, FHPSBIRFTS 43 ¢ &C-’CQP%M@' “Teonver si on
nmay be per fofpaRetdRipsisdabd @Rl S0l IRVRbiEHers naly YehiRtdorad: B8docantdderanat t he

| ocal node, e.g., .according tq frequency up-cqQnversion ipo and/or
down- converWW%@H@%%@C%§1%§¢%%@%§HSWW&Q¥§W§ » FdiRPRYEEL 1, 2

and/or 3. d&{&ecohggﬁhdlﬁg SicalREdGAb be ¥ek BH10b thdBeaRleR8 EMtis dievh@RAl-ion, whi ch
may be laid in parallel”with the existing coaxial cables, may be used to
communi cat eoptindl anst waticsbtp-elpririedhF ey B sioe YT ReRErBYhICIBREE SOREHE he | ocal

node. [ 0021% éﬁc%e%gh{ugné/& &qﬁ@ogﬁ%ﬁEﬁtégﬁﬁ%%??éggjf@géysuﬁggoﬁagoﬁ nvention,

t he | ocal optical 'systemnmay in ] Ci dpt'er ("gathering
box"), whi cdndfveylowe-cotivesionlstizdes,fas rrecdeamrivee in detaibiarReféredcesd ,tzrﬁﬂgf@e passi ve

el enents of, the | o coaxial _system or.qi: :
denonst rat iy eﬂg r#B 853 iaéfpﬁﬁ togefc S¥Sllﬁ5&/ i°¥1 \‘i;hee nt Jlege%‘? %%Vﬁéﬁoglp tvﬁ%%gmgjgg gg%lg P may
i ncl ude an mpfliecaith Genasting codxixl ogiidsc mby Ye agadne comirupicate digt expatdedt he | ocal
| eas The interface may include first

20 optic fiber;. and at ape interfacge.

and second @W&%&S‘ﬁ‘fféﬁwu Hﬁ%?‘&rﬁ?foﬁﬁﬂm‘%-opti cal to radio-frequency

converter to convert a downstream aptical ..signal. yeceived via the optical

connect i on PRt AfferdingciRgege %&%ﬁ&gﬁﬁ@‘&% rogcf{ﬂee?fgﬁméqugﬁ’flab? an

ext endegs doyasilr §a@inl faflusihes BABSticall Beapted (' dAitking WORBC twdichmiyy dkso i ncl ude

triplexer to route the extended downstream si gpal i
installed, for example, in parallel with the passive clements of the local coaxial

system.

[0022] According to some demonstrative embodiments of the invention, the optical
adapter may include an optical connector to optically connect the adapter to the local
20 optic fiber; and at least one interface. The interface may include first and second
radio-frequency connectors; and an optical to radio-frequency converter to convert a
downstream optical signal received via the optical connection into an extended
downstream radio-frequency signal in an extended downstream frequency band. The
optical connector may also include triplexer to route the extended downstream signal
25  to the first radio-frequency connector; to route a legacy downstream radio-frequency
signal in a legacy frequency band from the second radio-frequency connector to the
first radio-frequency connector; and/or to route a legacy upstream radio-frequency
signal in the legacy frequency band from the first radio-frequency connector to the
second radio-frequency connector. The triplexer may include, for example, a three or

30 four section filter.

[0023] According to some demonstrative embodiments of the invention, the interface
may also include a radio-frequency to optical converter to convert an extended

upstream radio-frequency signal in an extended upstream frequency band into an



25 to the first radio-frequency connector; to route a | egacy downstream
radi o-frequency signal in a |legacy frequency band fromthe second

radi o- frequency connector to the first radio-frequency connector; and/or
to route a | egacy upstreamradi o-frequency signal in the |egacy frequency
band fromthe first radi o-frequency connector to the second

radi o-frequency connector. The tripl é&er may include, for exanple, a three
or 30 four section filter. [0023] According to sonme denonstrative

enbodi nent s updtretrh eptical ggtal. Ghe triphecet mbpalfaimeablatayoud the extaeded dpst@am

radi o- frequenc 0 ti.cal converter to conyert an. extended upstream

r adi o-frequ@’ﬁe"é é‘?‘b%ﬁ? ﬁitsﬁr O LR AR SO EPT goamefﬁ:ag’(?' ngpcﬁatﬂo‘)}i%ﬁ%lo an 7
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ext ended upstream signal fromthe first radio-frequency connector to the
radi o- f r eqUEDTRY] Accofifiid ®adomeGlivadtiatve ethbiiZddntsSHE GhvRStidr0 tieQifEical
denonstrative enbodi ts of the. inyention, th ptica]IP S, adapter may
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may al so i nﬁﬂarqu%mmt@cz@hea@bmﬁew&mmb REH: the dSRAdikarh h)?tiéia@‘éi@ﬁél_r eam
optical signa into two or nore optical downstream signals; to direct the
two or norelnEptVe & meeohtEet darrgicgnatisnalsy to fEedphe dap aronerddcdlr equency
converters i C i " irect two
o ot 6 upsitr e $adls B Bpcel R uerlcy SRR BRE! Aol

i nterfaces interfapes, ppacivdly; o hedirest twd 00R6ic Wemandeptisalstigralsi re@ivedbodi ment s
of the ipvepti i j unct ith a Wdeband Subscri ber

I nterfaég Lﬁ’*ﬁl%a%#%gﬁgﬁtr%g#e?%}tgggﬂ(ﬁr@ﬁg%&og t he subscriber end, e.g.,
as descri beg . fer a . en i u of i St CPE in
conjunctionﬂg?ﬁﬁﬁgﬁhf%%é%%ﬂé%%ggégéﬁépﬁ Pﬁ§£%2@3%§§%n@a ﬁ%ii#ﬁpl may
recei ve fr omnjuneticinoiic s Widetand Salmcddised [6E4Tade A Afita(alse raferreddid ablalg XT®B)1000 MHz

downst ream 5 to 42 VHz (OR. 8 upstrea d vi de the
expanded.  egee BT 51ty B RATL Y PGS BOURG Y BRHH o ot r eam
frequency &atigeCPRMN &RjulBonORite @Mt et Rdihe 3P BRL inVEtiBRWTHAXTBS W t hin
the | egacy upstream_. and downstream bands. For exanple, a 1250 NHz to 1950
MHz exp&hde@ay receive from the subscribers standard CATV data, e.g., 48 MHz to 1000 MHz

downstream and 5 MHz to 42 MHz (OR 85MHz) upstream, and provide the

expanded, e.g., BDM multiplexed, data in higher downstream and upstream frequency

ranges, which may be converted to respective new ranges within the legacy upstream
and downstream bands. For example, a 1250 MHz to 1950 MHz expanded

20 downstream band may be converted to a 160 to 860 MHz new downsiream legacy
band, and a 2250 to 2750 MHz expanded upstream band may be converted to
multiples of 5-42 MHz (or 10 to 85 MHz) in the upstream band.

[0026] It will be appreciated that this aspect of the invention is not limited to any
specific expanded frequency ranges, and that any other desired ranges may also be
25  suifable for use in conjunction with embodiments of the invention; for example, some
embodiments of the invention may use a 1100-1900 MHz expanded downstream

range and/or a 2100-2900 MHz expanded upstream range.



20 downstream band may be converted to a 160 to 860 MHz new downstream

| egacy band, and a 2250 to 2750 MHz expanded upstream band nay be
converted to nultiples of 5-42 MHz (or 10 to 85 MHz) in the upstream band.
[0026] It will be appreciated that this aspect of the invention is not
limted to any specific expanded frequency ranges, and that any other
desired ranges may al so be 25 suitaBle for use in conjunction with

enbodi nents of the invention; for exanple, sone enbodi nents of the

i nvent i on Beigf Deseriptian @0ba DOOVIREY expanded downstream range and/or a

2100- 2900 MHz expanded upstreamrange. 8 Brief Description of the Draw ngs
[0027] The subject matter regarded as the invention is particularly pointed
out and djoBRY)THel ynbjettanated regardeth @s oriovertiPmé proiaias R?Fm?q’l%‘ltsaﬁ‘gci fication.

The invention, . s however, bot : j #RafRd THethaged operation,
t oget her wiisticgE; Gaiped 1 &g ﬁ?nésgud% dg’a %%?gﬁgeégﬁétcﬁe?eof, may best be

u_ndﬁr s';] g)odh@yevegft@&e&g@ brgartitutiof (ahdiqmiﬁhn@ cgdrgigmﬁbgdom rwigh Pbigcﬁfl%men read
wi th the acconpani e rawi_ngs .i n i Ggh: gatic

i || ustrat i tatugs agd tages ‘ioéé?a-y\é%ﬁ © he&%ﬂ%’#ubﬁﬁlggﬁn%%{os%@%?gm dccording to
some denmongsiali@ipilosiRReasyitf thé Aeoppataniawingentiheh; o [0029] Figs. 2A
and 2B are schematic illustrations of a 4-tap Optical Gathering Box (OGB)
and an 84@1@29@1 1 8SP8GHehu! Wushtiod o @rigjdrit @ptital-hossiireontewmicstionat i ve
enbodi nents of tﬁe invention, [003%4 F'o%%h 3A .and BBt.a‘gee .éslgherratl C

i || ustrat i eystenpacoardipetagomsaBmaBtBiys srPEsRwhial hedEEHdY YR e enbodi ment s
installed in two, respective, seryice configurati : 003 Fig. 4Ais
a schemat i [0029) Fies. 24t 40 2 Bore sehemege EAFIIgHT %Jq %%?P;Q%%?%ﬁ? %t{lgerfngj%or}fe

denonstr at j i, N B! R8pdcAVENt in0RcorifR8 it k@ne 4Bmbsstratiwchenat i ¢
illustrati Lngﬁgg(ﬁq%%on | ’g{t}r%%ti onﬁaccor ding to another denonstrative
enbodi nent embodiments oftbhinvention] 0033] Fig. 5 is a schematic illustration of a

triplexer according to sonme 20 denonstrative enbodinents. of the invention,
[ 0034] Fi g[0080] Biga 3dcind 4Bt dre s¢hiemgiie Wastragansgr adaap BQ\E@PCWE%F%SO@?% cuitry

according Elgmonstraﬁve embodiments installed in two, Tespective, service configurations;

15 [0031] Fig. 4A is a schematic Hllustration of an OGB configuration according to one
demonstrative embodiment of the invention;
[0032] Fig. 4B is a schematic illustration of an OGB configuration according to
another demonstrative embodiment of the invention;
{0033] Fig. 5 is a schematic illustration of a triplexer -é}:cording to some

20  demonstrative embodiments of the invention;
[0034] Fig. 6 is a schematic illustration of OGB power module circuitry according to

some demonstrative embodiments of the invention,

[0035] Fig. 7 is a schematic illustration of an OGB optical splitter according to some

demonstrative embodiments of the invention;

25 [0036] Fig. 8A is a schematic illustration. of an Optical Set Top Box (OSTB)

according to some demonstrative embodiments of the invention; and

[0037] Fig. 8B is a schematic illustration of OSTB circuitry that may be used in the
optical set top box of Fig. 8A.

[0038] It will be appreciated that for simplicity and clarity of illustration, elements

30  shown in the drawings' have not necessarily been drawn accurately or to scale. For



sone denonstrative enbodi nents of the invention; [0035] Fig. 7 is a
schematic illustration of an OGB optical splitter according to sone
denonstrative enbodi ments of the invention; 25 [0036] Fig. 8Ais a
schematic illustration of an Optical Set Top Box (OSTB) according to sone
denonstrati ve enbodi ments of the invention; and [0037] Fig. 8Bis a
schematic illustration of OSTB circui%try that nay be used in the optical
set top box of Fig. 8A. [0038] It will be appreciated that for sinplicity
and cl ari t y exgmyld, thesdimensiopp pf e teslen@0ts skayhn cxagatrhted chlating hgghdrave not
necessarily bee rawn..accur atel,y .or, to e, .9 exanmpl ..t he

di nensi ons Slgmg% Frgoro t’ﬁér Séa’I"reémrrlepr%}%(r gmir}ézgmgin%gé% zirécéLgdr%% s Olnz\?lé} lch ot her

el ement s f obr eleatent yFuthe:s ewleta lcopdidesddc appraoiaeo nefiescd nohedl dmen bene
functional bl ock, or el nt .Furt her,, where consi dered, appropri ate,

ref erence nEFﬂ?ﬁq?[%ﬁ 8RS tﬁeg%ral”‘@%aftoeﬁldgﬁ% G EPRIDHPG n"lj‘s?k’gg‘%i %'ﬂ’inﬁ‘if'e

cor r esposdi Rpréderd SsthOGrakEShbledke dBESd inghd\irb@BYEMay BDdBnHed ihi6 a Binglek S
depicted in_the drawi ngs nay be conbined into a single function. 10
Det ai | ed De8®F{%tion of Some Denpnstrative Enbodi ments of the |nvention
[0039] In the follow ng detail ed description, numerous specific details are
set forth in order to provide a thorough understandi ng of the invention.
However, it will be 5 understood by those of ordinary skill in the art that
the present invention may be practiced without these specific details. In
ot her instances, well-known nethods, procedures, conponents and circuits
may not have been described in detail so as not to obscure the present

i nvention. [0040] Unless specifically stated otherw se, as apparent from
the following io discussions, it is appreciated that throughout the
specification discussions utilizing ternms such as "processing,"
"conputing," "calculating," "determning," or the like, refer to the
action and/or processes of a conmputer or conputing system or simlar

el ectroni c conputing device, that mani pul ate and/ or transform data
represented as



physi cal, such as electronic, quantities within the conputing systems

regi sters and/or 15 nenories into other data simlarly represented as

physi cal quantities within the conputing systemis nenories, registers or
ot her such information storage, transm ssion or display devices. In
addition, the term"plurality" may be used throughout the specification to
describe two or nore conponents, devites, elenents, paraneters and the

|'i ke. 20 [Q041] Various systens, methods and devi ces for expandi ng the

ef fective Raseripfioncf SowaDiesonstretis mhadiments phie Deveptiyn net wor ks
beyond the limted ranges of conventional downstream and upstream signals,
e.g., by 200 percent or nore, are described in References 1, 2 and/or 3.

As descri bd@03ohIn ﬂhei@loamﬁ detailefl dersriptionenurestpssasiiie defails arech 0tth itmy  be
achi eved by _j.l C t e as new
passi ve. ol SREhis BUITE AR ACHARRURE JEARL el Ko er, Fwlb T HEC
or othen Cﬁﬂi&brstedzd/\by Ithos@ ®®4>ﬂlmalm slddne thhemrlﬂmt izt presneinvediomentysbof t he

i nvention des rlbe in, term efre uenc band' refer to an
exenpl ary #’Fé’gcegncy SSfSPec G deta%s I§ Re 1 rlfﬂo“%x‘f’%%%déd upst r eam
frequency lpw&ddurémyom@fneﬂtsh@i arbuﬁxﬁﬂplnafrhavaﬂeefnr@emﬂse@m degildsoads not

2250- 2750MHz;. the term "extepnded downstream frequency band" nmay refer to
an exenpl af P e RS HAREEEP 1250- 1950MHz; the term * Iegacy upstream

frequency efer to an xe | ary fre uency ban -42MHz or

5- 60MHz; tE@‘abePHf % ¢ ae@caﬁhsmf? e SRS LN ED P orﬁaﬁ] &ellgving an
exenpl afpy  &kcuskioRs) Hﬁf&é@pﬁ%ﬁ@d&hat%o&@%@he paelfitdten tdﬁfcﬂﬂswh@ﬁlﬁﬁﬁiné requency
band”" may refer to an “exenplary fre uency band of 5-860MHZ. However, it

will be apprsgisuthets Bayowﬁl}ge” “comppiing” | plauilingy {determining,” oF Heridenbodi ment s
of the 'nV?é%§fte%e ta&ﬁﬁean%?gmcésrsys of 48 eyor% RGPy sRE. bERLAGED W th any

ot her suitable wde frequen 5 ex ended upstream ffequency band,
ext ended dommceammuﬁeqwmy, tbetnmamplégta@pdmdmrmedﬂw fepesserdert ys band,

| egacy ups diof: £ k d For
exanpl e, h@@é%ﬁ%%ﬁ ?’ggs%q%nd ? et hod: F“E sg'smfn Sergr‘r‘%@tglfsrrents of the
i nventiml®n m;nohee adapitled datr smﬁwiyleeﬁraaq&aé msyphysam:l aqfanfités vweidin the

computing system’s memories, rtegisters or other such information storage,

transmission or display devices. In addition, the term “phwality” may be used
throughout the specification to describe two or more components, devices, elements,

parameters and the like.

20 [0041] Various systems, methods and devices for expanding the effective bandwidth
of conventional Cable Television (CATV) networks beyond the limited ranges of
conventional downstream and upstream signals, e.g., by 200 percent or more, are
described in References 1, 2 and/or 3. As described in these applications, the
expansion of bandwidth may be achieved by infroducing new active electronic

25 devices, as well as new passive elements, along the last-mile coaxial portion of an

existing HFC or other CATV network.

[0042] In some demonstrative embodiments of the invention described herein, the
term “wide frequency band” may refer to an exemplary frequency band of, e.g., 5-
3000MHz; the term “extended upstream frequency band” may refer to an exemplary
30 frequency band of 2250-2750MHz; the term “extended downstream frequency band”
may refer to an exemplary frequency band of 1250-1950MHz; the term “legacy
upstream frequency band” may refer to an exemplary frequency band of 5-42MHz or

5-60MHz; the term “legacy downstream frequency band” may refer to an exemplary



5MHz and nore than 3000MHz, e.g., 4000MHz, and/or a |egacy band of
5-1000MHz. i0 [0043] Fig. 1 schematically illustrates a hybrid

opti cal - coaxi al communi cation system according to sonme denonstrative
enbodi nents of the present invention, showing the signal flow throughout
the system [0044] According to sonme denonstrative enbodi nents of the
invention, system 100 may include alhead unit 102 able to conmunicate with

a node 104 via optical fibers 15 106 as is known in the art.

Downst r eam ﬁccgln@nyéva#hyfﬁﬂe%%ﬂ apcdie sﬁﬁnaleg%ﬁyrfreaﬁew 5 BRI PRg a

wavel ength of ﬁ%ldjﬂf%%@m}ﬁ HRREvE Bekilvdl dp g@hﬁted\b?\f@s@ngt h, and
upstreanlslgna s nay ulated on a carrier [ 1 ght an1haV|ng a

wavel engt h sifilledf or ﬂnexamﬂilag mlotmmﬁmmoﬁﬁh%mvwopa@%e FESPEIEN gt h.
[0045] - Nodey, [0d, IR0 G406 AacSHIAPLE GRAT LAUKIB IR fefndhoy b1 S known
ream optica

in the art, ﬁ% or conv owns Sl gha recei ved via
fibers 196 éxdnded epaeym fmhqmsiyrlmm eferstedawsstcan freqaers wad.odnzarya a

coaxi al cabl e oax cony, Iy RF signal s
recei ved vi QOVF%E q‘feﬁ?yo%%’ﬁ ?%ggf’y PERAPS eqlsl‘li}ﬁ ?alhaﬁg woy%ﬁ%ng%ﬂsly on via
fibers 106. ${fL4H] bAGK Wi BGnipte, S@E&sy@l@ﬂﬁ@,nﬂé\ﬁc&kl aa:el/cmninetﬂpduenfgomb t he

i nvention, system 100 .25 may al 8316533 %]gfgfone of nore

di stribute sBbpsEyeriowias pyention Ay 8 & W‘?ﬁf&’@‘mﬁ %?}‘goax 110

to one or MHE, YSLhHSRABDOOMBR! 8., 4@Uﬁﬁﬁradd%ra%g@wmdﬂﬁﬁeod@ﬂ{m a coax
110 Wi t h Iegacy upstream signals received fromone or nore subscribers,

%bﬁlﬂvmg u%ﬁé?fauemy ilth QakLh hﬁﬁﬁpé;ﬁicﬂg‘,ohﬂaldﬁﬂﬁﬁﬁic&t&iﬂ sy&embodi nent s
of the | nve tion downst'ream 30 _and/or upstream si g S miﬁwl ncI ude an

expanded bagrdeidingrio md%@puwawmodlmevﬁs of 3}‘? PREFERL] %Yeé‘sz%@ ovang, th
described ip mﬁé{[)ﬂgg% r%ﬁ &%%@@&ndl x B. Additionally or alter nat | veI Y,
7or i

expanded do ream a tream bandw dt h bet ween head-end 12 102 and

node 104 e AGhisRtal e AU ARIS LNEM dECimAL REERaAgBRELO0KNON |

the art. ing to nstrative enbodi nents of the invention,
node 104 mayay inchideddearudpt(Zcale tadomorioRy with7a nedei 164 viresptirddibage a

modul at of 1%0]5 %Q' s 's&nown in the art. Downstream signals may be modulated on a carrier

light beam having a wavelength of, for example, 1,550nm or any other suitable
wavelength, and upstream signals may be modulated on a carrier light beam having a

wavelength of, for example, 1,310nm or any other suitable wavelength.

[0045] Node 104 may include any suitable configuration, e.g., as is known in the art,
20 for converting downstream optical signals received via fibers 106 inio legacy
downstream RF signals for transmission via a coaxial cable (coax) 110, and/or for
converting legacy upstream RF signals received via coax 110 into optical signals

suitable for transmission via fibers 106.

[0046] According to some demonstrative embodiments of the invention, system 100
25 may also include one or more taps 132 to distribute legacy downstream signals
received from node 104 via coax 110 to one or more users (subscribers), and/or to
provide node 104 via coax 110 with legacy upstream signals received from one or

more subscribers, e.g., as is known in the art.

[0047] According to demonstrative embodiments of the invention, the downstream
30 and/or upstream signals may include an expanded bandwidth enabled by block
division multiplexing, e.g., as described in Appendix A and Appendix B. Additionally

or alternatively, expanded downstream and/or upstream bandwidth between head-end



5 detect expanded downstream data optically received via fibers 106, and to
nodul at e t he expanded downstream data on a |ight beam of a w de bandw dth
at a first wavelength, e.g., corresponding to a red spectrum.to be sent
to the subscribers via a |local fiber-optical cable 108. OHUB 107 may al so
i nclude a denodul ator 114 able to detect expanded upstream data nodul at ed
on a |ight beam of a second wavel engtth, 10 e.g., corresponding to a green
spectrum optically received via | ocal fiber 108, and to, denodul ate the
recei ved exipardédodms®4d sambdachicvad by BYPYrader (DM rmplasiesiay % st andar d
| egacy forg('%t whi ch ey be transferred over fibers 106. Node 104 may al so

i ncl ude, f O‘QQEH%?Q' an optical duplexer 112 to selectively transfer to
local fiber Lhe b £A 1B6ih kS br WY sl &gk hnéRCRIAVREy f r om
modul at or 1[9%%?%39@%5%%%9 em%d%r’atggir 114 the light beam of the second
wavel engt h ir@edi aeOpticabHub (@EDB) 087, which way| ingjedeap prodelaiar a4l BYe f2r sons
skilled in the art that the inventi.on is B - B d-£60d Qnd REmod@Rgsi fi C
denonst r%ti&‘?@%ﬁ‘\?@?‘%ﬂ mgt(?ggc%ﬁgboé%g%gor\%%&gd&@red éﬁa@gregn wavel engt hs,
and that anye @khefed Bowmkrten wanebengligis tray dfea wedw bamivddthrap 4 fiest| ocal

upstream and/or downstream gptical signals_ agcordi ments of the
i nventi on. @VERRED SBH7CHRIIPORNEE (T g%ﬁﬁ“k’é%ﬁeesegg{r?&g%%lr%g |o%,%£f?g. , as

described ijg.RebSLRRER Satle 208IORIUB 207 MBP48) inthide r demgdulmiodifmbbtiv at i ve
enbodi nents of the'invention, system 100 nm inclyde on oréﬁgmﬁe opti cal

adapt ers ( "deset @@anc@mérqaw&a@oweéul%@;e%)&dﬁﬁ&éw gt @ SEPBRE VR ransf er
expandeg0 ups r&@{ggﬁﬁ@ﬁgfo L¥RANGRE-GOREEARABR AR Fial10é FiBEA MBLandTGoOr DT e
a 1 dca

subscri ber s ¥i I beF 108: and Upstream and/ or. downstream data vi a
tap 132 animodaxte Hidreceivedienpendefapsiramydatainio parapird Yr5Hsa; d8eE 230 my be

connect o4 L0oh0a3loaly Rehe Al BEPHORRRABR b Hoel 108 de 1B may WBbCh TR

b
have, for W pass attenuati on. _Tﬁl s may enable serially
connect i ng iacthdy, §r eramniieranobti@bBepia:a0 | 1 2togeleingheandicete lomabiberji0fh

relatively |ow 30 opti.cal th | oss conLGng: 191 SYHMr 1o
denonst r at i'l?"evlv’@%gﬁﬁﬂﬁé’ﬁt o ﬁ&t‘ﬁ%" eﬁ%%n{e?%%]d] @ %gg&l may }’ncl ude at | east
one i nt ¢y f afgroditBio N1 NRY liphiWekt & f fliersstondvehvslengsimceceigiel Hom Jiber 108. It

will be appreciated by persons skilled in the art that the invention is not limited to the

specific demonstrative wavelengths described above, e.g., red and green wavelengths,
and that any other suitable wavelengths may be used to carry the local upstream
andfor downstream optical signals according to embodiments of the invention. OHUB

20 107 may include any suitable configuration, e.g., as described in References 1 and/or

2.

[0049] According to demonstrative embodiments of the invention, system 100 may
include one or more optical adapters (“Optical Gathering Boxes (OGBs ) 130 to
selectively transfer expanded upstream and/or expanded downstream data to/from one
25 o more subscribers via local fiber 108; and upstream and/or downstream data via tap

132 and coax 110, as described in detail below.

[0050] OGB 130 may be connected to local fiber 108 through an optical coupler 131,

which may have, for example, very low pass attenuation. This may enable serially

connecting a large number of 0GBs 130, e.g. one hundred OGBs, with relatively low
30  optical path loss.

[0051] According to some demonsirative embodiments of the invention, OGB 130

may include at least one interface, which may include first and second radio-



frequency connectors. The first connector may be coupled to a subscriber,
and/or the second connector may be coupled to tap 132, e.g., as described
in detail with reference to Figs. 2A-3B. [0052] According to sone
denonstrati ve enbodi nents of the invention, OB 130 5 may al so include an
optical to radio-frequency converter to convert a downstream optical

signal received via coupler 131 intoian extended downstream radi o-frequency
signal in an extended downstream frequency band, e.g described in
detail Wi t Hrequeteremedons ol fiyst comegivod M5y bﬁl‘?@‘lplﬁ’dilio a[SB@?‘EQ erﬁ&”?%ﬂ’&%‘ehg to some
denmonstrati ve enmbodi pent s vent , el afigo | ncl ude a
tripl exer ﬁ%cofl&ftognetcﬂe % "Bt g%\ é e m%ns rgg%es gna%lgs?gb%hhglfl rst radio-
frequency capRaaitoFigsi2A-8BUte a | egacy downstream radi o-frequency signal in
a |l egacy frequency band fromthe second radio-frequency connector to the
first radi geosky ageediay t€ eomedémonstrative anbodimients & the fyentionp 9G4

radi o-frequency sjg f Mduh8mddnt St

r adi o- f PeqiRECYSC B %%Pp{iﬁff%ﬁa%gﬁ?%gﬂS’chﬁ{)&%g?c??%g%%%cy connector, e.g.,
as descri begdgid sgﬁaaedeweumcbmarmmotmeﬁe@edmmmﬁad:mﬁeqmw [ 0054]
According to sone denonsirati ve egoodl me of thgesc{fl%/e%nlhl @B 130 may
al so i ncl udignalainraagesended 4orEs e@ﬁ'fl% 685\735 0 convert an ext ended

upstream rqgegnég@wagh%gﬁal4g n an extended upstream frequency band into
an 20 upstream opti cal signal; and the triplexer may route the extended

upstream si 8(5‘3%?/ AOE&r&iHFttQ%Oﬁlé HShorsBatie- diRaLeRneyoftihe heebtim, 0GR Ha0
r adi o- freq enc 0

ical converter as desc F%ﬂ n, d tall W th
ref erenpe tomyrilsg.indd eamipl@ﬁerm ’@utezt@ e%@scgjb @@J ‘hg‘{i% S Figs. 2A
and 28, nicCh SENSARRLERY ol UaLY B nchedniam, fr@faammnm aettedyt ap 0GB

230, respe n acécor a ce Wi th some 25 denonstrative enpodi rrents of
t he invent |muenéytﬂimdgﬂomhéels¢mdt radw-ﬁgquﬁaﬁy FerReeied 19 dhg firg F8¥%ect, ocB

200 and/ or 230 may. perf.qr t 00k {a¥ioGfegincl @ambl BM@e Oof OGBs

130 (Fig. ﬁequ‘fnﬁﬁﬁfm%\@g ?tngbétg% lfeMljagdlgm)nstraltol ve enbodi ments of the

i nvention, i 2QQuenBPyaridnfednu e first ragibifcghericn gonegtoRtoghe) S%‘ﬁﬂ‘%)fﬁdi%al out put

204 Congecﬁthncg; %or?nelct%? %lg ag described in detail with reference fo Fig. 4A and/or Fig.

4B.

[0054] According to some demonstrative embodiments of the invention, OGB 130
may also include, a radio-frequency to optical converter to convert an extended
upstream radio-frequency signal I an extended upstream frequency band into an
20 upstream optical signal; and the triplexer may route the extended upstream signal
from the first radio-frequency connector to the radio-frequency to optical converter,

e.g., as described in detail with reference to Fig. 4A and/or Fig. 4B.

[0055] Reference is made to Figs. 2A and 2B, which schematically illustrate a 4-tap
OGB 200 and an 8-tap OGB 230, respectively, in accordance with some
25 demonstrative embodiments of the invention. Although the invention is not limited in

this respect, OGB 200 and/or OGB 230 may perform the functionality of at least one

of OGBs 130 (Fig. 1).

[0056] According to some demonstrative embodiments of the invention, OGB 200

may include an optical input 202 and an optical output 204 connectable to a local
30 optical fiber, e.g., local fiber 108 (Fig. 1).

[0057] According to some demonstrative embodiments of the invention, OGB 200

may also include four subscriber connectors, e.g., connectors 207, 209, 211 and 213,



30 optical fiber, e.g., local fiber 108 (Fig. 1). [0057] According to.sone
denonstrative enbodi nents of the invention, OG 200 nmay also include four
subscri ber connectors, e.g., connectors 207, 209, 211 and 213, 14 which
may be connected to CATV wall outlets of four subscribers, respectively.
Connectors 207, 209, 211 and/or 213 may include, for exanple, female "F
type" connectors, e.g., adapted foripassing 3 GH4Z signals, as are known in
the art [0058] According to sone denonstrative enbodi nents of the

i nvention, (@GR 200 be BofRtedlis TATV lwalleodiatsrofiout sybsaihersectsprctivelg. g. |
connectors 206, 208, 210 and 212, ..which e c it fy f-our

respect i ve Conpasiory 2¥br20Pnpti %ndi‘?l %%‘B@’a@ﬁ@%a@r' M@%ﬁg‘?‘gg, Ggé g., tap

132. Conne%]g{egm?spé% £88ted 2k PaRRG/3AFHZ digndIB s a8 khaidein thowt. exanple, "F
type" taps adapted for passing 750MHZ, 860MHz, or 1000 MHZ, e.g., in
accor dance ryiskh sLEHARY 1 TN aRRGskiRatempaginesatskofaiminventione OR 200 o [ 0059]
According to sonme denbnstrative enbodi nents of thxgé’ %En# 0Dy 230 my
i ncl ude sa awayfalspuingluiie fous R Fetag HONREGINE: Figh SPIREGHHe 10 P8 q & ght* tap

Connect of S i fls bea&%&géﬁl%ﬁ%ﬁu}, hespéaivanubRabérgual éfaniegicy OB F00. [ 0060]

According t nstrative enbodinents of the |nven%%on,u$§§ 200 and/ or

230 rmay be tgledsag, e.g, tp, 13eGronictas )6, U8 Zhhynder ebhmaguingdds 0o t hst and
15 envi ronnent al .gandi,tion . RsR 860 f AR e @t door

appar at use§?‘a1f‘@66gf] e%aé) 3&3@%@;&%%%’?@ Fi g’?gwﬁ\ﬁ%ﬁc}gg% whi %ﬁ

schemat i calabc\bradnbmﬂi&gmym%mﬂ‘ﬁﬁimmmgntbéaﬂermnst rative enbodi nents
installed in two, respective, service configurations 310 and 350. [0062]
Accor di pg t[0059¢ARESHInA S vene dhndistrethesergiodinteatsi ofvibn iRisAlonOGS 8680 may be 20
connected between_ one qr npre subscr, bher : ' 300 may
be | ocat ednasfiafluds rnigraten Pré%{gls‘é%bsﬁ%’s% i°§&§°@5%§a§§§§%5é%§%fe§%e§§t, whi ch
may feed a . CATMo¥asho @Eligs coafip@aidth§CGH200. e.g., through the "F type”
connect or. 063] According to the denonstrative enbodi nents of Fig. 3A
conf i gur at iraeso3 WecordRY 16 AaRbBuERNEtotinrensfofftbenveniosc OB, andorot ed SI

S2, S3 and 'S4, “respectively, 25 to a local fiber : ' to these
embodi ment 230 amanphe €lpsed, nfe Igglzehgﬁ@, a"ﬁl% may E’e co%g%reda‘?c? Qfishdd

s environmental conditions, e.g., as are specified for CATV out-door apparatuses.

e,
[

[0061] Reference is made to Figs. 3A and 3B, which schematically illustrate an OGB
300 according to demonstrative embodiments installed in two, respective, service

configurations 310 and 350.

[0062] According to demonstrative embodiments of the invention, OGB 300 may be
20  connected between one or more subscribers and a coax tap 332. OGB 300 may be
located, for example, as near as possible o a passive element, which may feed a

CATV wall outlet of a subscriber, e.g., through the “F type” connector.

[0063] According to the demonstrative embodiments of Fig. 3A, configuration 310
may enable connection of four subscribers, denoted S1, S2, S3 and S4, respectively,
ss 1o a local fiber 308. According to these embodiments, an optical input 302 and an
optical output 304 of OGB 300 may each be connected to local fiber 308. Subscribers
S1, S2, S3 and/or S4 may be connected, e.g., via four drop lines (drops) 315, 316,
317, and/or 318, to four subscriber connectors of OGB 300, respectively. Four tap
comnectors of OGB 300 corresponding to the four subscriber connectors may be
30 connected, e.g., via four short lines (shorts) 321, 322, 323 and 324, to four subscriber

connectors of tap 332, respectively. Tap 332 may be comnected to a coax line 309,

e.g., as is known in the art.



optical output 304 of OGB 300 may each be connected to | ocal fiber 308.
Subscribers S1, S2, S3 and/or S4 may be connected, e.g., via four drop
lines (drops) 315, 316, 317, and/or 318, to four subscriber connectors of
OB 300, respectively. Four tap connectors of OGB 300 corresponding to the
four subscriber connectors may be 30 connected, e.g., via four short |ines
(shorts) 321, 322, 323 and 324, to faur subscriber connectors of tap 332,
respectively. Tap 332 may be connected to a coax line 309, e.g., as is
known in t figeardas 360 ;ﬂa?%%lemoaﬁmmmﬂed apsitisam slatpggeAi vl dr gk panded

upstream data received Trom ubscriper, e.gd., bser Lpgk sbnd S2, S3 or
S4, over asubsagier. BEaFbSIET oﬁitgfeors%‘gé)ﬁ%fah vgeéﬁ’gt'%,’ to be transferred

over |ocal fi ASsTEESIdvebREal 0308, BEBsEDE] bagw. QGBSB &bl e t o
transfer u‘ﬁé#e%ég%a@g{ea rSecei veg fromth

subscriber t 332,:.9., if 5
no expandedsm]xsmhi%@rﬁ@gﬁﬁuﬂsge%fl%treéal."ef%% °5 h%'ff‘ EJ ?rotﬁé%ﬂaéé?‘b%g" if®
alternativel éip%n%ug&%mg%}ﬁa%d@&kﬁ to provide the subscriber wth expanded

downst r éanfd received via |local fiber 308, and/or downstream data

received v 0RXq; :332,0@8 30856y bbakle topeidaitie sobscdber [ 0066]
Accordi ng t@q’ﬁh}g&(d éorqugl}\g?l?%l%e?%ﬁgﬁ’bodi ment sy%f Fi QW;B, ser.vi Ce ta
confi gur at kg expend SEDvmiycasnda veoriwwriae lord Abet 30§n R T SREIFAE

subscribers, e.9.., subsgri I Sibed?n ddiESREs i vel y, to local fiber
308. Accor Y ‘E‘BQ’E%@&%‘%@%?%@%} of)eti cal input 302 and optical out put

304 may each be,conpect I o £ DEEMSREF PRt BBC Edrided sonSiurationd S2 nmay be
connect ed, [Qé).sg].éCWf‘Q\"gt\R@%aére%ﬁm%f%eg?ﬂ%lS and 316, respect] ve%‘;’/, dgo t wo
r espect j,ve 3501Rag biddRs conneiet bbogy somOchhe gebseriges. £&p SESRHRET of #°%f aGB 300,

15 corresponding to the t onnect ed ChLAREL ShodiBhtD Sp@nnpat ed to two
subscri ber S2cwmvElRElh 0 C\Qfggﬁ@g; hgcoéw% glkét%v\oﬁbsohorts 321 and_ 322,

respecti veky; ,ACsREAiocngut 904 Mgy eathrberstreatd doeakibben H8nbubsgribers YL 3B, t he
subscri bers not subscribed to use o(g(tii cal gi?ﬁ{d B8 esé‘ecﬂvely syBgeri bers 83
and S4, nmaynd82 sk he soryciadtett 1§ Y ttogzi"%ss G o Upst ream and/ or
downst r eamré:sgggﬁggisg@gﬁ}ggg MbhReckRaT B 380 TWO6 cdmentbis| offeGBpPlleci at ed
that the confrguration described above may enabl e ?%g%vgg%'}tvg gﬁjr&r?&g/ or
upst r eam f lcomespbndinepfadie ten epnpeciedchseriBed MY QYRR e, "W t hou

connectors of tap 332, e.g., via two shorts 321 and 322, respectively. According to the

demonstrative embodiments of Fig. 3B, the subscribers not subscribed to use optical

fiber 308, e.g., subscribers §3 and S4, may be connected directly to tap 332, e.g., for

upstream and/or downstream communication via coax 309.

20 [0067] It will be appreciated that the configuration described above may enable
downstream and/or upstream flow of legacy data via coax 309, for example, without
interference from the flow of the expanded bandwidth of upstream and/or downstream

data via optical fiber 308.

[0068] Reference is made to Fig. 4A, which schematically illustrates OGB
25  configuration 400 according fo one demonstrative embodiment of the invention.
Although the invention is not limited in this respect, configuration 400 may be

implemented, for example, by 4-tap OGB 200.

[0069] According  to demonsirative embodiments of the invention, 0GB
configuration 400 may include an optical coupler 402 to couple/decouple optical
30 signals toffrom a local optical fiber, e.g., fiber 108 (Fig. 1). This may enable
efficiently connecting a large qumber of OGBs along the optical fiber, e.g., without
generally affecting a signal to noise level of optical signals transferred via the local



interference fromthe flow of the expanded bandw dth of u
_ ( _ stream and/
Zownst_ream data via optical fiber 308. [0068] Reference Ps made to Fiogrg.

A, which schematically illustrates OGB 25 configuration 400 according to
one denonstrative enbodi ment of the invention. Although the invention is
not limted in this respect, configuration 400 may be inplenented, for
e>r<]arrpl e, by 4-tap OGB 200. [0069] Aceerding to dempnstrative enbodi ment s of
the invention, OG configuration 400 may include an optical coupler 402 to
](c:iogglre/l ggcgﬁgy, Q‘h%a.bﬁ@_lz}ﬁ_ksignﬁﬂmygm&l' ds, fay/ekemoplecen eptistl dapasEwm fighdr | e. g

ig. 1). [ y .enabl e | Ci Y iR ks e nunbe
of OGBs al @rggg[taﬂlég@p‘f’?végpgtﬁi?éz’?weg 6'66 #F@Sh’{m gengrﬁa Pgﬂé%ﬁeﬁh?ng ; °
fs! gnal to @%lnaee_é‘eyﬁ,kng@‘“@e&hgabfwl%oamchhﬁf}amr ed via the local 16

i ber. The opti caf_S| gnhal s may include, for exanple, an optical downstream

z:o tglnglal ugé[tggqrg;i %@(deﬂlﬁg@(l) wysea@ﬁtgﬁmh tok ehdbdeents4d0handeBBo, AHE 20H/ or an
) signal, e.g., havip vel engt

o [0070] mecarta s eEerioh gt Pt DO EREaae ik or Bl O ent fon,
o LoooL _ _ s of the I nvention,
on. Ca03 > fras gﬁé B&@'%té}ffacksea@zt, AOBL4GNEET HOTC Biay dndude  triplex@GBOG, er f aces

. , and 407. At least one of interfaces 401, 403, 405 and 407
gngle n;:l udiifmmtraapl aanxiifier1 5, an oplrsldrsRY CamicHrpt ?@Pwﬁ’b@,mcgnﬂopﬁ cal -to-RF
b Of e{. d,ggﬁeg%‘,na?ng){@%r a9 QR 4 R0 Wtical BSvERS M QAP hrefde@iibdd Belovand/ or  a
R dglromln onverter _1 , as are described below. [0071] According to
Some femo 5@673’] h‘égq{%ﬁ'g?odéoﬂgflfeﬁmﬂ&mﬁbeemﬁﬁb\aﬁﬂémmmamiz@kiex,eﬁpwﬁﬁ 406 may be

, rgy, ohe side, to subscriber connector 207 and to tap

gon nect qf ﬁ@ﬁje canitbcted, egipdn dricaideA0BubsaripfricpRuspiondW a2 do BRIy ce 412
O R G s Yo A A0S bl 1110 sl | b
t ( _ ownstreamsignals received via anplifier 408;
0 provi de Hinsef ubermyonnablean @O7ide wibderibmvwosneckan S| withl apaedi ved from

tap connector 206; to provide upstream anpl i fi '
upst r eam sﬂ@’ﬁélﬁ%eaﬁe‘i_i%‘}ﬂ&éacef‘fegﬁ? ?f_@%@fef éég’ R ngor%%t%?scrﬁ%f%%éo?gr@ﬁ? gegr ovi de
tzgg connect. ok, 208l HpSisr RVl goal ap reandctoe d206r emprasidss upsttba®.  connect or

15 amplifier 414 with expanded upstream signals received from subscriber conpector
207; and/or to provide tap conmector 206 with upstream signals received from

subseriber connector 207,

[0072] According to some demonstrative embodiments, triplexer 406 may epable

only legacy CATV signals to pass, €.8. if no subscriber is connected to connector
20  207.

[0073] According to some demonstrative embodiments of the invention, triplexer 406
may be constructed, for example, with SMD lamped elements, e.g., as illustrated in

Fig. 5, and/or using any other suitable technologies, e.g., including CMOS integration.

[0074] Power source 412 may include any suitable configuration, for example, able to
95 convert a power input, e.g., a 15 volt 22 KHZ AC power input, info electrical power

in a form suitable for triplexer 406 of each of the OGB interfaces, e.g., as described

below.

[0075] Amplifier 408 may include, for example, a 1250-1950 MHz 18 dB amplifier.

Amplifier 414 may include, for example, 2 2250-2750 MHz 16 dB amplifier.
30  Amplifiers 408 and/or 414 may include any other suitable amplifier, e.g.,

corresponding to the extended upstream and/or downstream frequency bands.



[0072] According to sone denonstrative enbodi nents, triplexer 406 may
enable only | egacy CATV signals to pass, e.g., if no subscriber is
connected to connector 20 207. [0073] According to sone denonstrative
enbodi nents of the invention, triplexer 406 nmay be constructed, for
exanple, with SMD | anped el enents, e.g., as illustrated in Fig. 5, and/or
usi ng any other suitable technol ogieg7 e.g., including CMOS integration.

[ 0074] Power source 412 may include any sui tabl e confi guration, for

exanpl e, ablg7¢]%ceHdBRMNY Qbihe derporwatitivenymbodinenty. of the IFentisig optizakdotz AC power
i nput, into el ectrlcal power in a forgswt ble for °§!'§ ? #06 of each
of the OGBRF]‘LC@IP‘feﬁﬁfe%m pay melude agy SRS EPIVHEF oG e fl(.’)jﬂ) ] i &r 408 nay
include, fopexgpmpire coef@S018880 Mtadclt dBDcB”TOinrefsp@rdmg Amrpihf:f fot 414 Ry
i ncl ude, rpexarrpe 250- 27 16 dB rTEHfI alg%l{flers 408
and/ or 414 wavglengib] @ﬂeamdﬁiﬁehﬁpl%%ﬁnfe&@%exﬁﬁ%@ flpwpstregm gignals. S5-1% s nondi ng
to the extepded HRSILEAR AALALadNNShasamkEdLEnCY dbanger olipld, 0076)
Accor di ny t PH sone enonstrative enbodi nents of the |nvent |tg %l cal -to-
RF converteRFJﬁaLGptrwaly comﬁ@rdélfaWYs@ﬂPétbIﬂed@é‘ﬁ\FéF?Sé’Pn ing & %Sfﬁg For

I -to-RF di t
The Tirst MeErahyth:  gog dok B! Apuiee RoEkR gAY panded
downstream @OgﬂaAs r&fl:}gdttgosogoOd%ﬁlloﬁﬁaf&é)%g&ﬂ:ﬁéntégpﬂﬁfﬁvénﬂ@l{,L@@Ba—’fw sui tab l e

converter, rexa optical converter 416 may
i ncl ude a dingdgsenEhespansditog sphttwm@%amb*ﬂ ablget0 PrSrRPOIInCeOLpePaEegr een

di ode, inplenented for ded upstre g to sone
denonst A&t i Q/Eg}ér‘ﬁ’%ﬂ??f’@’ﬁﬁ%gp%&et‘ﬁ Vet %té ??ﬂgﬁ gg%gﬁlzs%&qﬂheﬁsgéfuggl ude two
optical spljti &k SbROS, spBindl 1idRTbeakl forh @opaas202condriens, mar OS?@WQETRE 1o a

l'i ght beam according to the wavel ength of .t | i ght be For npl e,
splitter 40%nyee A BRdboriip capbipg O%F‘P B hﬁﬁ%’?@?% cotp mo? )&?o one or

mor e opticalsdor @%ver@e?{'&'ﬁir fn% 8 cﬂl%gme@'ﬁ@ﬁﬂﬁeahlotocwmbﬂéed)tmecamplenﬂﬁk | i ght
beans from one or nore RF-to- tical onver{ers 416 i.nto %aéuﬂ%' ned |ight

beam to be Qpiinai dﬁcttemﬂ@oluﬁlléﬂr o gxamnlgy 1 4P %&F@?‘P‘éfm‘ﬁ‘ﬁfy f or
exanple, -a doubl e AltNOk! G iAW inhd fie. bui I t-1n

[0078] It will be appreciated that the configuration of Fig. 4 may allow substantially
1o transfer of signals (“signal theft”) between one or more subscribers connected to

one or more of connectors 207, 209, 211 and 213, since cach subscriber is connected

via a different triplexer 406.

26 [0079] Some embodiments of the invention are described herein with relation to a
system, e.g., system 100 (Fig. 1), including a local opticat fiber, e.g., local fiber 108
(Fig. 1), for transferring both the upstream and the downstream data. According to
these embodiments, the system may include an OGB, e.g., OGB 200, able to
modulate the downstream data on a red light beam, and the upstream data on a green
25 light beam. However, it will be appreciated by those skilled in the art that according
to other embodiments of the invention, any other suitable configuration of one or
more local fibers may be used. For example, the system may include a first local fiber
for transferring upstream data using a first wavelength, e.g., a red or infrared
wavelength, and a second local fiber for transferring downstream data using a second
30  wavelength, e.g., a green wavelength, or any other desired wavelengths. Both these

local fibers may be, for example, optically coupled to each OGB.



15 wavel ength filters, e.g., as is known in the art. [0078] It will be
appreci ated that the configuration of Fig. 4 may all ow substantially no
transfer of signals ("signal theft") between one or nore subscribers
connected to one or nore of connectors 207, 209, 211 and 213, since each
subscriber is connected via a different triplexer 406. 20 [0079] Sone
enbodi nents of the invention are desd$ibed herein with relation to a
system e.g., system 100 (Fig. 1), including a |local optical fiber, e.g.,
| ocal fiberpodfi8 Refdminge it) madeortot FagnsAer whith swbematioally uillssiratean8®d t he

OB e o onbsn SABEE AR SRS L i YL SR, N UE &
bean “and g ot oot angesn B o osgmeiow b | be
ppr eci - se sKki i i ng

enbodi nent slﬂmilen?teﬁ'@daifﬁwlﬁn}i’yda@%ﬁééo'sui table configuration of one or

nore | ocal fibers may be used. For exanple, .the syste ' e a first
| ocal f ifoer[00316ﬁ%@fé%ﬁ%ﬁ?m%ﬁﬂﬁ’&ef"gaﬁ%‘}qﬁ% th@i”ﬁvﬁxgonf’ ﬁ@gg\(}a@g ig%gt h, e.g.
a red or infrared uRelGNGEH. 1208, By S8 egReipbioool aid bebutbor pd 26s er ri ng
downst r eam data us| ng a second 30 wavel engtﬂ, e.g a grﬁéndwavql ength, or
any ot her J@EBremfigavidreRdft mey Bglnde emaghcal |qorplpr PPhdp Lo 8PS or

exanpl e, opti.cal : . ¢.4.85bdr Q0B QFic REf EhBNES cnsblemde to
Fig. 4B, mhquﬁaalssi%%ﬁng%ﬁé]%%%@??ﬁ@ %?’e?sébt(% cogigggRﬁ)r atig%%_oo accor di ng
to anot her efficianiytaoahictieg e tdyginmeber o OGBselqng fanentisal fibeky ¢ BoWgIPY he

invention is not ljim.ted in this.r : o A=A OO0 e

i npl emreAt edB°F8YY %&?ﬁ%%,m%ﬁi} tﬁ-ntogsqﬁ%ﬁggﬁ%{%]%g%ﬁ%%m di ng to

denonst r at i e eTHoshtEENIgaBl mishmciude et exampleOa opiey! ayngeamcigibct ed to
fiber 108 (Fig, 1),'e.q., i nput..port. 902 d 906. OGB
confi gur at i B&- %@%Wagﬂﬁqg%BPQW?ﬁ%t408aqndcsg§ﬁﬁé%gg8ﬁg? gﬁ%%ﬁ%?%?%%coupl e
optical sigRalss oloO/MmbtifEk KatdG@th TdEiweed 660idaér550a. , fiber 108 (Fig. 1).
This may enable “efficiently connecting a |arge nunber of O&s al ong the

optical fi b@bSZ}eA&opdiin Hhetk demogentvabmodhémetf thg iaveitignaPCBP0Aoi se | evel
of optical signals transferred via the |local . fiber. The. opti c%!g_si gnal s

MRy | ncliudema¥ scinds amprieraca 9% Jeieeare WSSt el &gk Pe tpieker

triplexers 922, 924, 926, and 928. Interface 998 may also include a downstream

amplifier 914, an optical-to-RF converter 910, an upstream amplifier 916, a combiner
918, a splitter 920, and/or a RE -to-optical converter 908, as are described below.

[0083] According to some demonstrative embodiments of the invention, triplexer 922
20 may be connected, Qe.g., on one side, to a subscriber connector 930 and to a tap
connector 931; and to combiner 918, and splitter 920, e.g., on another side. Triplexer
922 may be able to provide subscriber connector 930 with expanded downstream
signals rteceived via splitter 920; to provide subscriber comnector 930 with
downstream signals received from tap comnector 931; fo provide combiner 318 with
25 expanded upstreamn signals received from subseriber connector 930; and/or to provide
tap connector 931 with upstream signals received from subscriber connector 930.
Triplexer 924 may be connected, e.g., on one side, to a subscriber connector 932 and
to a tap connector 933; and to combiner 918, and splitter 920, e.g., on another side.
Triplexer 924 may be able to provide subscriber connector 93 2 with expanded
30 downstream signals received via splitter 920; to provide subscriber connector 932
with downstream signals received from tap connector 933; to provide combiner 918
with expanded upstream signals received from subscriber connector 932; and/or to

provide tap connector 933 with upstream signals received from subscriber connector



e.g., having a wavel ength of between 400 and 560 nm and/or an optical
upstream signal, e.g., having a wavel ength of between 660 and 1550 nm

[ 0082] According to sone denonstrative enbodi nents of the invention, OGB
900 is may include an interface 998. Interface 998 may include at | east
one triplexer, e.g., triplexers 922, 924, 926, and 928. Interface 998 may
al so include a downstream anplifier 1914, an optical-to-RF converter 910,
an upstream anplifier 916, a conbiner 918, a splitter 920, and/or a

RF-t 0- opt i 03}, TelpterL6mQ0B comscad.c.glemamt sidd theseweriber gugstiontor ding to
sonme denonstrative enbodi It S he. | n i LI d-pl exer, may be
connected,ﬁ@i&??“@d”ﬂﬁ?“%gggfmggg§B%ﬁ%§§¥$bé%9 gﬁ%&%¥%§'§§% aﬁgago a tap
connect or 931; TANsket 926MEP boesle 9 Broviiadulssptiier temegB0934ewih exprdethot her

side. Triplexer =922 may be abl.e to provide subscri ber 930 with
expanded dé@mBeiTeas rﬁlgnéjisgfﬁ%“?gr"é% é‘i’%g .92¢I’at° P %%3(8%813 8@%@(3%%% e

subscri ger S A O3Sha W rbbbived WS tap @BAACSIog AEH; So prviiewehbircoM S ap
connect or 1 I

" to provide conbjner 918 with 25 expanded.ypstream signal s
recei ved f ot exp iupEreaporEalstEFe! @Or%ﬁ'g?sﬁ‘%ef 88%‘3%\97 a%tp ?g%r (IE:Qonnect or
931 with Ug)gogfs%;tg& E&&Q&&@s&%ﬁi Ve Gph34REG ddDRIm SEBSiRE 0oniBat:

Tri pl exer e connected, e.g., on one side, tq a subscr'bg)fgr
connect or 932 Eriplkxet B8anaydyy covrntiedt HE-» YBHE Sﬁjﬁdtotaéuk%‘ﬁh‘?fr?@}me@T& nd

splitter 920, e g on another .side v:Trbf GxeL19RAoNRY dexablotet 0 provi de
subscribera@%Hﬁ@%ﬁﬁ?n3§gn&ﬁ?h&g§%gﬁ gﬁg%%ﬂ%omné%rean1si5%als recei ved via
splittef, 920k, ToplpicpYgimag bbsbieithgrovidsrmbastibar comciopP3h viS\ETehm si gnal s

received fromtap connector. 933; t QNI i : 1 anded
upstreanlsﬁ@ﬁ&ﬁ§%Wé$€F§éﬁ“?F§ﬁF%ﬁ%@%ff%g?gggﬁﬁggFgg&gg%?Og%%%g?9%g provi de

tap connectyg @imsiaisibiisd eeAredst@n adpsconscer $8Y b morvidadeedineh @8 connect or
19 932. Triplexer 926 may he connecte

e.d...0n o inde., subscri ber
connect or 98k expavficd FpgireEEpst S g@%;w%ﬁ%betttgo%%% 0|§ r?gg @%@fq%nd
splitter 9%Qovi@e n coBctaN®Ih@fth wSinden sibhdlpkediesd BAG soBseribe catmtesiot o provi de
subscri ber *connect or 934 wi t h expanded downstream signals received via

sputteri1s592®36t o provi de subscri ber connector 934 5 with downstream signal s
received fromtap connector 935; to provide conbiner 91 it h panded
upst r eam sifgofdl] dcrardinR ie Gome o IRORBERE lﬁ’é}b"&@’?ﬁ Cp@?exggsﬁﬂa\?&%b?f@o

and/or 928 may enable only legacy CATV signals to pass, e.g., if no subscriber is

connected to connectors 930, 932, 934, and/or 936, respectively.

[0085] According to some demonstrative embodiments of the invention, triplexers
20 922, 924, 926 and/or 928 may be constructed, for example, with SMD lamped
clements, e.g,, as illustrated in Fig. 5, and/or using any other suitable technologies,

e.g., including CMOS integration.

[0086] Amplifier 914 may include, for example, a 1250-1950 MHz 18 dB amplifier.
Amplifier 916 may include, for example, a 2250-2750 MHz 16 dB amplifier.
25 Amplifiers 914 and/or 916 may include any other suitable amplifier, e.g,

corresponding to the extended upstream and/or downstream frequency bands.

[0087] According to some demonsirative embodiments of the invention, optical-to-
RF converter 910 may include any suitable converter, ¢.g., 2 diode. For example,
optical-to-RF converter 910 may include 2 diode comesponding to the first
30  wavelength, e.g., a red diode, implemented for expanded downstream signals. RF-to-

optical converter 908 may include any suitable converter, e.g., a diode. For example,



provi de tap connector 935 with upstream signals received from subscri ber
connector 934. Triplexer 928 may be connected, e.g., on one side, to a
subscri ber connector 936 and to a tap connector 937; and to conbi ner 918,
and splitter 920, e.g., on another io side. Triplexer 928 may be able to
provi de subscri ber connector 936 with expanded downstream signals received
via splitter 920; to provide subscriber connector 936 wth downstream
signals received fromtap connector 937; to provide conbiner 918 wth
expanded URBi6-Gaivab icgmattar pex eiageihcidorn disde corpwendien iedPore®86: and/or to
provi de tap connector 937 Str ron1subscr|ber

e Bon @ Mt g i Tor @Rakd ubiah vafal

connect or Vi 0 SO st rati've enbodi nents,

triplexers 922 924 926, and/o N NedtRAEImEBAEY Si gnal S
to pass, el0988] Agcopiingipioms e&onﬁm%vggﬁi%é%lﬁ@%ptog connectors 930, 932, 934,

and/ or 936,,f Q@}ﬂet anehitable QOBEdm!ﬂﬁezcm dirorgde ones onEIOte HDTSR A9

enbodi nents of the inventi rifpl exe r 928 may
be constr U@F@Hed from tERISHR §£& v?ntzf’ hggé Cﬁ%ﬁp@ EIH%SP%? 9%%&

illustrate Eﬁ;gsmémem%merw@magiommw s1§nﬂ teakived fremhm@hﬁgw es, e.g.,

i ncl udi ng Integration. [0086] Ampl.if.ier cl.ud r exarrpl e,
a 1250- 195914\&@@@@@@?@5%&@&33 AR F‘E‘i‘alsgf’]éb ‘)llfl'?#]tf’ egf %r% exanple, a

2250- 2750 E@%&%QE& rEb@i 924, %56%5{%26 @p&tifdld and/or 916 may incl ude
e

any ot her |er ’g.,  corresponding to the extended upstream
and/ or do e @&ﬂﬂﬁr tiv@@&%bdlﬁ{éﬁt@roﬁltﬁhgmb&ltﬁ)ﬁﬁe@emnstratl ve
enbodi nen}("'gb%%?fﬁg& 1 pite y

ent| on, optical-to- RF _converter }é i ncl ude any
sui t abl@ cmyelsbmc}udeagelecta’edpfmbreﬂ%?f 9% fstlect; degf)‘itatﬁaéﬁm{t{ir “Cnvert er

Do oY e ey L SRAARING Al Sednl. TRE clthpnaloogdl € 9., @

red di ode or éxpan ownstreamsig RF-t o- Iptl cal
converter 9§ bef&kﬂelm direde hghtybmm freaun b@pten F04 oweapds @ﬂ@ﬂl'TO"BF(TP%Wg For

example, 20, REs) o OBt Leal CRnYErd sk 1900 i LAGL#S08 lhgtivasgEs espondi ng

to the secdiean ode rmpl’enent ed for expanded

upstream siggnaRsfech? 0P rAG CREIdA) gfot: exsnnle, dediohsicr mmewethbb}ﬁﬁtﬁ% nts of the
i nvention, “conbi ner
15 wavelength filters, e.g., as is known in the art.

{00907 It will be appreciated that the configuration of Fig. 4 may allow substantially
no transfer of signals (“signal theft”) between one or more subscribers connected to

one or more of connectors 930, 932, 934 and 936, since each subscriber is connected

via a different triplexer.

20 [0091] Figure 6 schematically illustrates OGB power module eircuitry 600 according
to demonstrative embodiments of the invention. Although the invention is not limited
in this respect, circuitry 600 may perform the functionality of power source 412 (Fig.
4y.

[0092] According to some demonstrative embodiments of the invention, power

25 module 600 may include a RF separation coil 602, a RF damping capacitor 604, and a
fast high performance diode 606, e.g., to rectify a 22 KHZ 15 volt AC into a 10volt
DC, which may be collected at a capacitor, ¢.g., 2 Tantalum capacitor 608. The output
of diode 606, €.g., a 10 volts DC signal, may be regulated, for example, to 0.1%, with
a regulator 610, e.g., a standard TO5 ¥ watt +5 volt IC regulator. The regulated output

' 30 may then be filtered using a capacitor 612. According to other embodiments of the

invention, power circuitry 600 may include any other suitable configuration.



may include any suitable RF conbiner to provide one or nore upstream
signals 5 received fromtriplexers 922, 924, 926, and 926 to anplifier

916. Splitter 920 may include any suitable RF splitter to the downstream RF
signal received fromanplifier 914 into two or nore RF signals, e.g., four
RF signals, to be provided to two or nore triplexers, e.g., triplexers
922, 924, 926, and 926, respectively21[0089] According to sone

denonstrative_ enbodi nents ,of t i nventi 00,..i.0 . include a

sel ective HPPPLEE r%eﬁP}?HaB‘f‘aE@lg]e“tg%a eiaPe@F},B (C?EETEZC plittpr, aag@%(n "3@ route a

| i ght beamyag&araiveenbedinkers wee eesidh. afthdugk de ighintibreamot Boitedinanpl e,

reflector 912 may be able to direct a leid?oht be@ﬂ‘r mc)g%ﬁber 0 04 towards

opt i cal - t otliFresrsaft, theroptical splifter ofifie o miPefor dee ‘fq(’@ﬁ’ttyB 4 06m

RF-10-opti : I'Hi%af 08/ aBied, B0dxanipRf, tegibade Sdeormay

i ncl ude, fgfg}lg'e@a}%ﬁ%?l%aﬂ%?%ﬁ%% ?nﬁlrfgr vagte% built-in ﬁirS wavel engt h

filterss emgreowmiy kavingenattingationdaieriof, ogrample; ¢t l&g549dBpe appreci ated t hat

the configuration of Fig. 4 may all ow substanti al ] éﬁ no transfﬁ% of signals
n

("signal t 941 Figh®h welamateadlyotlusimice asubiseipraptica Beinkteer £ ne or more
ot “comnect e 930,932 320,300 SaoBhaee 8265 pABRGE Y 1 st ed

via a diff | exer. ure 6 schematically rllustrates OGB
power modukshembtieily ilhyrB8S0 IR drotitryB50timt heybasted it PYEB 8Abodi nents of the
invention. Al though the invention is not limted in this respect,

circuitry @ERO5TAycoptnd tr danidnstrdtive ctibodizients wf dlie pyensionsGETRSAERY(Fig. 4).

[ 0092] Accordi,ng,.,to.so e t.rati vie.e i i i on, power
25 nodule G@gldﬁ%)}m?lﬂ%g g@e °§E%I@§%He%na aﬁobgg?(ﬂ)i%m%,o%%m F?oée?%pl g capacitor
50, and, avihaReubialUDgpfortaose dolsi686; Loows o bout odidbiym2? WE 19
% i v C, , €.9.,
Tant al um c&pREFIEbI0 2oFer Wﬁ@%hﬁgggﬁ 38&&%88%“@%6??58?8 son %% % v%qot DC

si gnal , mglap%e,rfggéyaﬁgiﬁgessf@in@aml e, to 0.1% with a regulator 610,

e.g., a standard TO5 1/s watt +5 volt 1C regulator. The regul ated out put 30

may then beydbk] hEloRHing/®l Bt AchiaidtliveRintbditenAQe diedivigtitr) cintiitey 8¥bodi ment s
of the invention, power circuitry 600 may i ncl ude arfé/ ot&eﬁ:.sud tabl e
conf i guisat iy .inghyde, for example, a triplexer 852, e.g., analogous to triplexer 4 ig. 4).

Triplexer 852 may be able to transfer legacy CATV data, e.g, CATV data in the
frequency band of 5-860MHz or 10-1000MHz, which may be received via a wall
outlet connector 807, to a legacy CATV outlet connector 809. Legacy connector 809

may include, for example, a legacy out “F type” connector, as is known in the art.

20 [0097] According to some demonstrative embodiments of the invention, circuitry 850
may also include an oscillator 854, e.g., a 22 KHZ 15 volis %2 watt oscillator.
Triplexer 852 may selectively associate oscillator 854 with outlet connector 807, for
example, to enable oscillator 854 to feed, e.g., via triplexer 852 and wall outlet 807, a

desired section of the OGB.

25 [0098] A power supply 840, for example, a small UL approved power supply rated at
6Watt max (e.g., 12V at 500mA), may be used to provide electrical power to one or

more VCC’s.

[0099] Expanded upstream and/or downsiream data may be transferred via a
connector 811. A downstream converter may convert expanded downstream data,
30  which may be received via triplexer 852 and may have a frequency band of, e.g., 1250

and 1950 MHZ, into data of a frequency of, e.g., 160-860 MHZ.



[0093] Fig. 7 schematically illustrates an OGB optical splitter according
to denonstrative enbodi nents of the invention. Al though the invention is
not limted in this respect, the optical splitter of Fig. 7 may perform
the functionality of splitter 404 (Fig. 4). The optical splitter of Fig. 7
may be adapted, for exanple, to provide one or s nore outputs having an
attenuation factor of, for exanple, a |east 6dB. [0094] Fig. 8A
schematically illustrates a subscriber Optical Set Top Box (OSTB) 800
accordi ng t[gom@{]mﬁnglﬂjttaiSssan@rrﬁlmimsneesndﬁtabﬁefﬂeqﬂﬁeﬁtb‘mﬁﬁ—m(@r_ 8B
schematically illustrates OSTB circui 5 S i, OSTB 800.
[ 0095] Accdf(%ﬁ%o P%'SS&%%H&W%i%@e&ﬁ’bé@?ﬁ%g’s&%ﬁéﬁ ﬁ‘gxﬁ?%geé‘ﬁ’t ‘?%an!,ﬂ%osm 800
my to i?q%HQ§wgnggﬁhqgm§Q&f&qmﬁhyﬁb?icﬁeguaﬂﬂymaaﬁoLﬂ$18ﬁﬁ&?mnay
operate, for exanple, wth an exterpal UL ap ISy . 840 as is
known in tHﬁzé%WFmNHﬂ@ﬁ”ﬁﬂ?mﬁépﬂﬁ%ﬁﬁg%ﬁﬁﬂ“@@Og&%ﬁggFH£%§§¥i§%%ﬁ§¥ OSTB 800.
The over_ al thPBntO b GBI 808 ofB\ieliRd viREle®)ia Y. cas dessibed han si x
watts. [5009%?3}:%%%3(?(5% ng to hs% denonstrative enbodi ments of the invention,
circuitry 8fbove with refgrericntd Qiske 4Ampd/oedtanpl e, a triplexer 852, e.g.,

anal ogous to triplexer 406 (Fig. 4). Triplexer 852 may b (Fblg o transfer
| egacy CAT[0BHYR, WhilgcertaipaAapuga phitherinyeption havedgeh Stﬁ‘é%io‘mgf CEUTREOMHz or

10- 1000Mz, , whi ch | VB inMiofs, cHiRdel, ardUéduilaleB@NASE biur 897, to a

| egacy CATQﬁﬁ%%I% c%ﬁ%ggtﬁggﬁ%gglLébé;%ﬂ%%ﬂnecté% 809 may incl|ude, for
exanpl e, a hegadyrdudry Sl ty fe"artc Gringberefore, #bq wndersiond thas thepprended 20 [ 0097]

Accordi ng tq ,sone .de trati j i - Lecuitry 850
oy al 81 HBEARHOBER 1 Papor Wil RoGioRS ooty LUR A Rt L

osci | | at or . spiriklof pk@xentidi®2 may sel ectively associate oscillator 854 with
outl et connector 807, for exanple, to enable oscillator 854 to feed, e.qg.,
via triplexer 852 and wall outlet 807, a desired section of the OG. 25

[ 0098] A power supply 840, for exanple, a small UL approved power supply
rated at Watt max (e.g., 12V at 500md), may be used to provide electrical
power to one or nore VCC s. [0099] Expanded upstream and/ or downstream
data may be transferred via a connector 811. A downstream converter may
convert expanded downstream dat a,



30 which may be received via triplexer 852 and may have a frequency band
of, e.g., 1250 and 1950 MHZ, into data of a frequency of, e.g., 160-860
WMHZ. 22 [00100] A splitter 858 may all ow upstream data of a frequency band
5-42 MHz (or 10-85) to pass to an upstream converter 860 able to convert
the upstreamdata into converted upst@8am data of a frequency band of,
e.g., 2250 to 2750 MHZ. Triplexer 852 may route the converted upstream
data vi a Wilat isotibineéd BQ7 to the OGB, where it s may be nodul ated onto an
optical signal of a desired wavelength, e.g., as described above with
reference to Figs. 4A and/or 4B. [00101] While certain features of the

i nvention have I nd described herein, many nodifications,
substltutlgns Ah%ﬁﬁéggpg §$IEHF€aIents may occur to those of ordinary

skill in the aan optical eonrtdmwebowncaup dedneotleait aoshrafiat td Be cuvediied to
cl ai ns are_ intended to cover all such nodifications and changes as fall
wi thin the2tdye spirit of the invention. 23 Wat is clained is: 1. An

appar at us corrpétl@éﬁg)n@!ﬂté}pgdeqﬁélgg%nector to optically connect said
apparatus to an optic ber | east one interface including: at

| east one pair of fatrleastane maic ofifirst addseCOMMOyrmeneybonsectars opti cal
to radio-frequency cony vert a downstream optical nal

recei ved via said opli O(P(zi 'eghr{@g, EraYSicy g eén@eﬁonWM?SLdP ream
radi o- f r equencyptiial NEgnaIN rédeived %Qeeauaowwbéle%ﬁhhéétﬂ#ﬁﬂﬁﬁb é?@fléh rgqggj a

| east one triplexer to route said extended downstream si gnal

r adi o- f requendip%mﬁfm dediotfeequency signaldgaan edended e@mnsaeam fréqemr:eyncy
signal in a Ie&aargyfa}l fequency band from said second radi o- frequency
connector to sal rst radio-frequency connector; and to route a

at least one triplexer o route said extended downstream signal to
said first radio-frequency connector; to route a legacy downstream radio-
frequency signal in a legacy frequency band from said second radio-
frequency connector to said first radio-frequency connector; and to route a
legacy upstream radio-frequency signal in said legacy frequency band from
said first radio-frequency connector to said second radio-frequency
connector,
wherein said extended downstream frequency band comprises at least a

sub-set of a frequency band of 1000-3000 MHz.

2. The apparatus of claim 1, wherein said interface comprises:

a radio-frequency to optical converter to convert an extended upstream
radio-frequency signal in an extended upstream frequency band into an
upstream optical signal,

wherein said triplexer is able to route said extended upstream signal from

said first radio-frequency connector to said radio-frequency to optical converter.

3. The apparatus of claim 2, wherein said interface comprises an upstream
amplifier to amplify said extended upstream radio-frequency signal.

4. The apparatus of claim 2, wherein said at least one interface comprises two
or more interfaces, said apparatus comprising:



| egacy upstream radi o-frequency signal in said |egacy frequency band from
said first radi o-frequency connector to said second radio-frequency
connector, wherein said extended downstream frequency band conprises at

| east a sub-set of a frequency band of 1000-3000 MHz. 2. The apparatus of
claim1l1, wherein said interface conpri8s: a radio-frequency to optical
converter to convert an extended upstream radio-frequency signal in an

extended upst rpaghtidt SpRsycdiabifer Qpﬁtrbalél'%Wr%ﬁ@aﬁ%bﬁ&il ns?qrﬂi‘%to tyaer ein

said triplexer 1s able to route said extended upstream signal from said
first radier- meguantgac gdovestwam osigadld; riadidrett espicnioyo t@r amnecallptlcal

converter The appar a of erein said interf ri ses
an upst eV visstiiin BARIS 8 Tng oot B i BRRTR e Sh Pt S or o Sl oy
signal . 4.mbheinepade tﬁés;fé‘cnvé@l aha to \WeEEid SRbrélupseasin @ﬂ%al Q‘gﬂérsace
conprises two or nore interfaces, said apparatus conprising:

opti cal smacewedﬁmawbﬁwqr@r@pmtnt@rémﬁmm@ p@hﬁalmneghoragnm |nt0 t Wo
or nore optical downstreamsignals; to direct said two or nore opti cal
downstream signals to the optical to radio-frequency converters of said two

or nore ifit erfiRcappara@rper tiaiml 2y wikerdint eaidi usstiednnandr dovrstraps toptiean
optical signals received fromsaid two or nore interfaces to said optical
connect or .SIgna $Iﬁ‘@V§;§’¢f£ﬁr§ﬂh§P%ﬁtrW%l m 2, wherein said upstream and
downstream opti cal signals have di ffer ent spectrunms. 6. The apparatus of
claim 2, wherein said extended upstream frequency band conprises at | east
a sub-set @&f dHea sppeatys diacidino, VWoeei3GaR! éidenddd u‘pbhreamp‘w@.temydfamll aim

1, wherein said at Ieast one conne tors r two or nore
onirs of ComucShat Easke SUFsBE6T o Bagtienneerd i GBI ol M eos t wo o more
triplexers; wherein said interface conprises a radio- frequency splitter to

split said extended downstream radi o-frequency signal into
7. The apparatus of claim 1, wherein said at least one pair of connectors

comprises two or more pairs of connectors, and said at least one friplexer
comprises two or more triplexers; wherein said interface comprises a radio-
frequency splitter to split said extended downstream radio-frequency signal into
two or more extended downstream signals; and wherein said two or more
triplexers are able to route the two or more extended downstream signals to a
respective first radio-frequency connector of said two or more pairs of

conneciors.

8. The apparatus of claim 1, wherein said inferface comprises a downstream

amplifier to amplify said extended downstream radio-frequency signal.

8. The apparatus of claim 1, wherein said legacy frequency band comprises

at least a sub-set of a frequency band of 5-1000 MHz.

10. The apparatus of claim 1, wherein said optical connector comprises an

optical coupler.

11. A system comprising:
a node to modulate downstream data onto an extended downstream optical

signal, and transmit said extended downstream optical signal over an optic fiber;



two or nore extended downstream signals; and wherein said two or nore
triplexers are able to route the two or nore extended downstream signals to
a respective first radio-frequency connector of said two or nore pairs of
connectors. 8. The apparatus of claim1, wherein said interface conprises a
downstream anplifier to anplify said 2xtended downstream radi o-frequency
signal. 9. The apparatus of claim1l, wherein said | egacy frequency band

conprises at Caitz?’)asrﬁtfﬁemmg%d@te@cgﬁlﬁﬂgiﬁppy band of 5-1000 MHz. 10. The

appar at us of rein sard optical connector conprises an optical
coupler. 11. A systeanoptioghcosnagor do ropticaliyocommkdt saéd dppastus fomadatpticont o
an extended d(%_\p)/ns_tre m optical signal, and transmt said extended
downst r eam optP€EI@Y gnal over an optic fiber; 25 at |east one optical

adapt er conpri si ng:atdhRheGAler@@BIRALENhgt 0 optical ly connect said
d at

apparatus to an optic fiber; an | eaSt one interface including: at

| east one pair of first andeasicong el off fisglueand) seeomsecrdiosfreauens i cal
to radi o-frequency converter to convert said downstream optical signal
into an extended d&%@??t@ﬁn radi o- frequency signal in an extended

downstream frequency bangh @tkabttd aagdio-Pegudroyplcdxeertep toowonveri daid
ext ended downstream signal to said first radi o-freguency connector; to

route a |l egacy doWesnsdsan eptical rdgnRiniyo segnextented deyasieame cy
band from said se &le IO fal Qfo% i i .
radi o-frequency cgnn gbgg;s%arﬁéﬁfgﬁ%ﬁng%g egﬁ&éﬁ%gﬁpggﬁi g%?%-a}nrdequency
signal in said | egacy fatelgpashonebaipletagroto ek fsaid textardied- doemstraam
connect or . - .
signal to said first radio-frequency connector; to route a legacy
downstream radio-frequency signal in a legacy frequency band from
said second radio-frequency connector to said first radio-frequency
connector; and to route a legacy upsiream radio-frequency signal in
said legacy frequency band from said first radio-frequency connector
to said second radio-frequency connector,
wherein said extended downstream frequency band

comprises at least a sub-set of a frequency band of 1000-3000 MHz.

12. The system of claim 11, wherein said interface comprises:

a radio-frequency to optical converter to convert an extended upstream
radio-frequency signal in an extended upstream frequency band into an
upstream optical signal,

wherein said triplexer is able to route said extended upstream signal from
said first radio-frequency connector to said radio-frequency to optical converter,
and

wherein said extended upstream frequency band comprises at least a sub-
set of a frequency band of 1000-3000 MHz.

13. The system of claim 12, wherein said interface comprises an upstream

amplifier to amplify said extended upstream radio-frequency signal.



to said second radi o-frequency connector, wherein said extended downstream
frequency band conprises at |east a sub-set of a frequency band of

1000- 3000 MHz. 12. The systemof claim 11, wherein said interface
conprises: a radio-frequency to optical converter to convert an extended
upstream radio-frequency signal in an2éxtended upstream frequency band
into an upstreamoptical signal, wherein said triplexer is able to route

sai d ext enfled HRskyRam & &Bmh 10 WRersif shid af Rask BkAnferReE mpRRNGRt Or to
said radi o-trequency to optical converter, and wherein said extended

upst r eam formoeniryeriacas, soidpFyistan comprising: a sub set of a frequency band

of 1000-3000 NHz. 13, T st mof cl re n_s |nt r.fa e
Commr i see an dicopli sPlfiefsdhEer ko ShH f3id doniTEarlaffid sidiaTiAE o
radi o- f r eqgrenfigresidptiahl dfvnstrband hsighist e @fre@t addil 18vo vmerrﬁm otidant
| east one interface conprises two or nore interfaces, said system

conpri si ngdownstigam cignalpite the M%@ﬁbt%éﬁd'@'@'egfdﬁﬂw sanvedernel paidivepen cal
si gnal '“tr%lc)}é!@teﬁé Get, &\ &R s ﬂg‘w%ﬁﬁeﬁ IcaﬁﬁﬁJ ggﬂegh{ ca?@f)g alg"0® or

nore optica AR ST gna he o I'O-Trequenc

conver t er sregtivedifrbrh \saidiwo opImere n‘ttelféees’@,sa‘i@spacallooednectomnd to direct two
or nore upstreamoptical signals received fromsaid two or nore interfaces
to said optical connector. 15. The systemof claim 12, wherein said

upst r eam ﬁjal i lgyét\%ﬁﬂb{f’%ﬁdﬁa% Wh@?é}hssmp stehh ﬁBtd&PﬁﬁF%d;ﬁgaptiv%gf The

system of rein said exten tream frequency

conpri ses signéledmivealifferent spedfurasfrequency band of 1000-3000 MHz. 17. The
system of claim 11, wherein said at | east one pair of connectors conprises
two or nore pairs of connectors, and said at | east one triplexer conprises

two or norggt riHd syfted of g 12, Shdteimns St agendMpsFesmFréiiey band
comprises at least a sub-set of a frequency band of 1000-3000 MHz.

17. The system of claim 11, wherein said at least one pair of connectors
comprises two or more pairs of connectors, and said at least one triplexer
comprises two or more triplexers; wherein said interface comprises a radio-
frequency spilitter to split said extended downstream radio-frequency signal info
two or more extended downstream signals; and wherein said two or more
triplexers are able to route the two or more extended downstream signals to a
respective first radio-frequency connector of said two or more pairs of

connectors.

18. The system of claim 11 comprising:

at least one tap device to transfer said legacy downstream radio-frequency
signal from said node to said at least one interface, respectively; said tap having
a first port linked to the second connector of said at least one interface,

respectively, and a second port linked by a coaxial cable to said node.

19. The system of claim 11, wherein said interface comprises a downstream

amplifier to amplify said extended downstream radio-frequency signal.



frequency splitter to split said extended downstream radi o-frequency signal
into tw or nore extended downstream signals; and wherein said two or nore
triplexers are able to route the two or nore extended downstream signals to
a respective first radio-frequency connector of said two or nore pairs of
connectors. 18. The system of clai m112€onprising: at |east one tap device
to transfer said | egacy downstream radi o-frequency signal from said node
to said at20.edfie systeimndfeclhime a1, WtRpEintdaie legacydraticmpy bandnebmpridds ot  port
i nked to the second connector of said at |east one interface,

respect i velegst aghb:set etaiteayeney PaAk & Sp1000 Mbtxi al cable to said node. 19.
The system of claim 11, wherein said interface conprises a downstream
anplifier to anplify said extended downstream radi o-frequency signal. 27
20. The sy2t.enihd sybti@nmdflclaikhet Bi wheeeid $adaoptidal epnemeciorbegrdpdsagpranses at
| east a sub-sel’l of a frequency band of 5-1000 MHz. 21. The system of claim
11, wher ei PUSH GOWYET-cal connector conprises an optical coupler.



