WO 02/ 021736 PCT/ US01/ 26692 ACTI VE EQUI PMENT PROTECTI ON METHODS AND
APPARATUS BACKGROUND OF THE I NVENTION 1. Field of the Invention The

i nvent i onwoed2aees6general ly to the field of conmuni cati on reatwsmkes92 More
particularly, the invention relates to the use of splitter-conbiners in
ring communication networks. 2. Discussion of the Related Art

Commruni cati on nodes are designed and used for point to point
comuni cati ons over a network. A comunications node is a transmtting and
receiving (TX RX) source. Stringing a plurality of nodes together into a
ring network is well known to those skilled in the art of comunicati ons.
What is also well known is that an interruption in comrunication service
can be both inconvenient and costly. For instance, a conventional ring
network is shown in FIG 1, _where a hysi cal hus |ogical, (i i's depicted
with three né&agViﬁﬁglﬂﬁﬁﬁﬂf§Bnggﬁﬁﬁﬁﬂﬁéﬂﬁ éé@ﬁgéﬁﬁygké%ﬁ@%dend. Each
of the nodes 110-130 includes a data drop/add device 125. Node 110 is
physi cally connected to node 120 with a pair of optical fibers 140. Node
120 is physically coupl SBACKGROENIBOPITHA INVENTIONr pair of optical
fibers 150. FIG 1 indicates by dashed |ine segnents that additional nodes
may be positionéd befFigdéef thsdasentm® and 130. Anot her instance of a

conventional ri network_i.s _shown_ .in, F ere.a kin rghitecture is
depicted with tﬁﬂ%@vﬁ\ﬁﬁ% rejaigs g%?ﬂyﬂ?dhgg(?m%gg’g;l'illygﬁl/onc‘geﬁ‘%f)g%' to a
headend. Aﬁd&@%ﬁcuﬁﬂ hiRfinddh€ion 288ees 4d fredRE of spatdtddsbings dafiag dr op/ add
devi ce 125. However, node 420 is physically connected to node 410 with a
si ngl e opt caramuhichgon Ad@vorlGi.mi | arly, node 430 is physically coupled to
node 420 with a _single opt.ical. fiber 450. FIG 4 indicates by dashed |ine
segments that additi bi%qusﬂ%@gﬂ?ﬂg’gﬁt@ﬁMi tioned al ong fiber

Communication nodes are designed and used for point to point

communications over a network. A communications node is a transmitting and
receiving (TX/RX) source.

Stringing a plurality of nodes together into a ring network is well known
to those skilled in the art of communications. What is also well known is that an
interruption in communication service can be both inconvenient and costly.

For instance, a conventional ring network is shown in FIG. 1, where a
physical bus logical ring is depicted with three nodes 110, 120, 130
communicatively coupled to a headend. Each of the nodes 110-130 includes a
data drop/add device 125. Node 110 is physically connected to node 120 with a
pair of optical fibers 140. Node 120 is physically coupled to node 130 with a
further pair of optical fibers 150. FIG. 1 indicates by dashed line segments that
additional nodes may be positioned between nodes 120 and 130.

Another instance of a conventional ring network is shown in FIG. 4,
where a ring architecture is depicted with three nodes 410, 420, 430
communicatively coupled to a headend. As above, each of the nodes 410-430
includes the data drop/add device 125. However, node 420 is physically
connected to node 410 with a single optical fiber 440. Similarly, node 430 is
physically coupled to node 420 with a single optical fiber 450. FIG. 4 indicates
by dashed line segments that additional nodes may be positioned along fiber

450 between nodes 420 and 430.



450 between nodes 420 and 430. WD 02/021736 PCT/US01/ 26692 A di sadvant age
of either of the instances shown in FIGS. 1 and 4 is that a break one of

t he opti cwlo d2ikersel i nes can prevent all of the nodes frompdidsoneemdeonal |y
conmuni cating with the headend. Therefore, what is required is solution

t hat . provides the network with at |east sone protection in the event of a
break in one of the fiber lines. One approach to providing sone protection
in the event of a break in one of the fibers in the past has been to

connect the nodes .together wit redundant ral | el fiders, ak in one
fiber can then dbgnga(%?‘%%ﬁftgﬁg?ﬁﬂ?ﬁés&t?g‘ég%o%n %aﬁlg$g!ﬁp£aﬁﬂ&§nt fiber.
However, a,dirs A0y ¢4 opfical fibér RiMa'cAapRevenfsll BEER dodeafrbyel Y hi gh cost.
Therefore, what is also needed is a solution that provides sonme protection

in the evebiditdctiandliyheomiprnightingiwith e headend.-Hiereford, wat isaaaaired ianot her
problemw th this, techngl o has beep that  expansi on. of. rin et wor k
requires ifP 1985192}%0%8%&8%{%%05 ! atg?ﬂ%?%rg% Pro,&ﬁcgﬁoﬁdngh%%vﬁgt Po®the ring
requires that e cictthdBhpimken, at |east tenporarily, so that the new
node can be inserted into the ring. This break in the ring can prevent all

of the nodes f r@ue dpipdoachcd ipoerading somerpuotiectadn imgthwievénttoie bneskdend unti|l the

installation is_ conplete. In _many comrercial seftings, such a tenporary
i nt er r upt i GRe©s thefahes t%aaa$tthaéha¢n Wdiﬂ’é’é‘e‘?tél‘%uﬂ% éﬁg"é]b?ré’.‘”th'her efore, what

|5 al SO T equhf; A Faric ol A preak3h oBE B canl ey REHVALEmL uBGeff X PR dod

wi t hout interrup conmruni cati on service. Anot pro th this

t echnol ogy ihess drélldl wedundhntaitier v Elovester, prdiudvantagegof this appagachl f one of
the data drop/add devices fails, all of the nodes can be prevented from

bi di rect i ohas beencrsativelyckigh sestvilierefore, Whaide also nevirskispeplitiopribat i s al so
;gﬂ:ﬂp{égt | E)é?\fiagsgs%gnileogro e%%gn [ BYIIES B CRSS oMk ih) 0% coStElerb active
manner.
Another problem with this technology has been that expansion of a ring
network requires interruption of communication services. Adding a node to the
ring requires that the ring be broken, at least temporarily, so that the new node
can be inserted into the ring. This break in the ring can prevent all of the nodes
from bidirectionally communicating with the headend until the installation is
complete. In many commercial settings, such a temporary interruption to install
additional nodes is unacceptable. Therefore, what is also required is a solution
that permits the network to be expanded without interrupting communication
service.
Another problem with this technology has been failure of active
equipment along the ring. If one of the data drop/add devices fails, all of the
nodes can be prevented from bidirectionally communicating with the headend.
Therefore, what is also required is a solution that provides protection in the
event of active equipment failure.
Heretofore, the requirement(s) of protection in the event of a line break,
expandability without interruption, and protectibn in the event of active
equipment failure, referred to above have not been fully met. What is needed is

a solution that addresses at least one, and preferably all, of these requirements.

The invention is directed to meeting these requirements, among others.



Heretofore, the requirenent(s) of protection in the event of a |line break,
expandability without interruption, and protection in the event of active
equi prent wioai2loarB¢ referred to above have not been fully metT/uSMhaseIe s
needed is a solution that addresses at |east one, and preferably all, of
t hese requirenments. The invention is directed to neeting these

requi renments, anong others. WD 02/021736 PCT/US01/ 26692 SUMVARY OF THE

| NVENTI ON A goal of the invention is to sinultaneously satisfy the
above-di scussed requirenents of network protection in the event of a line
break, expandability w thout comunications interruption, and network
protection in the event of UI?@KER u?@gm e which, in the case of
the prior art, are not SatSIS I e ,(Yﬁgc | ess si nﬂuclﬁganeously satisfied.
Anot her goal of Algeal sfitheiiventiosistto simtliskyusiy satisfy tre dbove-disctissede

requi renents. One enbodi nent of the_invention is based on a par at us,
conpri si ng T%UIW?EWBH%PWFWPH Inihg evertRl g brepls eP‘P‘i‘ﬂ&bﬁ@Y udi ng a

splitter-c | ner. ¢ ' ' . CO ] saj
Pt or - cONBIREporBRHRLAP kARt ROUR B e FrofERLE R e of coupl d o
a headend a8t equipmenofailufd wiithMaltle 430 I €tk friorart avsdtrseddfiedyt put ; and

signal conbi ner comiunicatively coupled to said signal splitter,

conmuni cat inveahy/lessouippnianeoyskyrsatisfpask rgmﬂlq‘»rrﬁml of tednvesienas tat i vel y coupl ed

to a headend.qgin%ut. Ar}g,t Qﬁr gn‘oodi nent of the invention is based on a

net hod, co Y d’nﬁéﬁl 9i él_leg TEOIS Cat i ons link at | east a portion of

whi ch i's protect@ge §apbditdent bLihdlinven@be “CbLRkd Bﬁ'ahl&bﬁaraﬂﬁ,eé(ﬁﬁﬂiﬁ%b oyi ng

i ncl udes providing said conmunications Iink with a splitter-conbiner that

i s communi catimeligativns pinkdsaidcemmaattations livkhischdingakspldienrsombafert he

i nvention is based on . a nmethod, .conprj si. .depl oyi.ng .a cqgnmuni cations |ink

Wit mon | SPGB baS AP AP 5210 SpEFEeRUBH B AE Act ades

providing s hsunasivh ' heRdddatigbat @i ner

Communi cat Fery TR PLARRLRATR L Tonblehito @ HRrd'iRa
communicatively coupled to a downstream output; and signal combiner

communicatively coupled to said signal splitter, communicatively coupled to an
upstream input, and communicatively coupled to a headend output. Another
embodiment of the invention is based on a method, comprising deploying a
communications link at least a portion of which is protected against signal
conductor failure, wherein deploying includes providing said communications
link with a splitter-combiner that is communicatively coupled to a headend.
Another embodiment of the invention is based on a method, comprising
deploying a communications link with non-intrusive expansion capability,
wherein deploying includes providing said communications link with a splitter-
combiner communicatively coupled to a headend. |
Another embodiment of the invention is based on an apparatus,
comprising a communications link, said communications link including a
splitter-combiner communicatively coupled to a headend, said splitter-combiner
including: a signal splitter communicatively coupled to a headend input and
communicatively coupled to a downstream output; and signal combiner
communicatively coupled to said signal splitter, communicatively coupled to an
upstream inpﬁt, and communicatively coupled to a headend output; and a data

drop/add device communicatively coupled to said downstream output and



Anot her enbodi ment of the invention is based on an apparatus, conprising a
communi cations link, said comuni cations |ink including a
splitter-wondmenscomruni catively coupled to a headend, saai/usS01/26692
splitter-conmbiner including: a signal splitter comrunicatively coupled to
a headend input and conmunicatively coupled to a downstream out put; and
signal conbiner comunicatively coupled to said signal splitter

comuni catively coupled to an wupstreaminput, and communi catively coupl ed

to a headend output; and a data ,.drop/add devjce, conmunj.catjy coupled to
sai d downs CPERHIBALYEY Cé’Haleaﬁ’GQ‘flO*ﬁg%“ P@Pﬁ-@h%&dl@wmfﬁ%at ively
coupl ed to:sal I o) . bR Gk ichygention i s
based on ahﬁgﬁggﬁﬁgg?@%ﬁ‘g% é?rﬁgﬁhwglgﬁnr#ﬁ% %gdt)l ontgl({al{lﬂt%.'ﬁ%%isgm

conmmuni cat icomsnnicionstihk thchgliag & ifirsitsplipei-tdmbineocdmmenicativalpini cat i vel y
coupled to a headend, said first splitter-conbiner ingluding: first

si gnal spl icourled te-aheastend.axaid, Brsy splatesrcembingr anglygiag: 4115%‘\3&@188%1'%9 ter and

comuni cat i yel oupl £d fi - i si gnal
combi ner _cSniridiReitpubheds i nABURERp PR Binic Bk fodfied

comuni cat iy g fiystclomplsiearh Queput;] dndta fiss i e Pombivid comanthiepivelyni cat i vel y
coupled to a first headend output; a data drop/add device comunicatively

cougl fed t o coupled o said ficks wigpel spitten opumunieativeloeruptiddata st ypséisaml ed to
sai irst.upstream i nput:.a,second | Ltter-, conbj ner ni, cat i vel

coupl ed betHet aﬁoﬂlmﬁ?’?l_gét“’i‘?bé%%eq fsﬁppqérs;ﬁ%adggfau%pﬁg&cgag%?%g@%g sec o%d
splitter-cqgtipe mhf%&%kﬁ'gﬁ%coﬁp&ﬁci_@@Qd%]r%wxﬁﬂ‘e%rht&fput%ﬁﬂrmlni catively

coupled to said head comuni catively coupled to a second downstream
out put ; andomnumicativelyi gpupleddoshidfast upstreamiinaitj ¥ sdopnd splitpéred to sai d

second signal splitter, comunicajively cou d to a second ,upstream

i %ué , and CQB‘MH?HFE@F}WWVE]&F}S’PE@;{’G“%%E“CWH §’§f ﬁ‘??éiﬁﬁ‘iﬁli’u? ﬁ%fagg Anot her
enbodi nment e i itk t-RARE t i S depl oying a
comuni cat }lg;ndﬁ%?hféldqg%%gg@tﬁg port?%rﬁﬂ%l d%i %ﬁg‘"i"éﬁgg@? 16531;3% agai nst

active equicpimaiinidativelyr uplddad shiddeudarl mdsgmmadcatbeispcoupledaoaruni cat i vel y

second downstream output; and a second signal combiner communicatively

coupled to said second signal splitter, communicatively coupled to a second
upstream input, and communicatively coupled to said first headend input.
Another embodiment of the invention is based on a method, comprising
deploying a communication link, at least a portion of which is protected against
active equipment failure, that includes a splitter-combiner communicatively
coupled between a data drop/add device and a headend.

' " 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 modifications 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



coupl ed between a data drop/add device and a headend. These, and ot her
goal s and enbodi nents of the invention will be better appreciated and
under st oowoneni1Bensi dered in conjunction with the fol |l owrgg/usesemepti on
and the acconpanying draw ngs. It should be understood, however, that the
foll owi ng description, while indicating preferred enbodi nents of the

i nvention and nunerous specific details thereof, is given by way of
illustration and not of limtation. Many changes and nodifications may be
made within the scope of the jnvention w thqout departing fromthe spirit
thereof, and the® clealeiceBtion A ﬁhﬁd'gga‘&WeSﬁ‘}B CHBEH £PRSY 'tgf%tﬁ‘eBRl EF

DESCRI PTI : EMB?}W; Sl R0 : sgonception
of the ad%ﬁé@g an fe%ltgﬁ}] é@égﬁlstl t%’??tﬁ)g% he 1 %éﬁ%ﬁ%ﬁ@@%ﬁa‘ggﬁt he
conponent s thathvetsm will beodmentet readily apparpntdwi cbéetring tdnthetdxemiplargnt i on,

wi |l becone nore readily apparent by reherri%g, tﬁ t.he exenplary, and

t heref ore 8athereforg:ponlionibiag; ermbedimentsylustratedyin the dRWIRES Wi ngs

acconpanyi and ] , j- iLf] i i i ke

ref erence ggﬁ% '%acr{ygr{rgs%??@??%é Bééj(t: 8? mlisﬁgﬁfeéh{lﬁg%%egén\}%\%% es !3 gnate the
same parts.chhfactefd\@Lihdy beciiGh @sbrt iadn dresviéwpdesignitd fheyahe phas itn the

drawi ngs are not necessarily drawn to scale. FIG 1 illustrates a
schemat i ¢ \shewld bk nateskthetthe fentaiies Phistiated)in tagsdrawinggiasainotrnasgssaalypr opri at el y
| abel ed "PRIOR ART". FIG 2 illustrates a schematic view of a physical bus,

| ogi cal ri f5WREhSCaeach node includes a splitter-conbiner which can provide

fiber protecti OrEIGRRG IR0 Y dchbmdfiE YRWSPADGRRtion# BhEGedbusg an ,
enbodi ment of the. invention. FIG 3 illustrates the physical bus, |ogical

ring of FI Gogi2alairtgeappropriatelylabeled IBRIGRARTT.i on of a fourth node having a
splitter-conbiner, representing an, enbodjnent.of the i.nvention. FIG 4
il lustrates a sdiSmadilestiatesg ?5’?‘3%‘&96?{@%?%%%5“?; h@svi?%‘f‘éitrglgt‘ﬁﬁt ,

each node includes a splitter-combiner which can provide fiber protection
-and/or non-intrusive expansion, representing an embodiment of the invention.

FIG. 3 illustrates the physical bus, logical ring of FIG. 2 after the non-
intrusive addition of a fourth node having a splitter-combiner, representing an
embodiment of the invention.

FIG. 4 illustrates a schematic view of a conventional ring architecture,
appropriately labeled “PRIOR ART”.

FIG. 5 illustrates a schematic view of a ring architecture with each node
including a splitter-combiner, which can provide active equipment protection,
representing an embodiment of the invention.

FIG. 6 illustrates a more detailed schematic view of the A/D nodes
depicted in FIGS. 1-5, appropriately labeled "PRIOR ART."

FIG. 7 illustrates a schematic view of a physical bus, logical ring
architecture with each A/D node including two splitter-combiners, a first of
which can provide active equipment protection and a second of which can
provide fiber protection and/or non-intrusive expansion, representing a

combined embodiment of the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS



appropriately |abeled "PRROR ART". FIG 5 illustrates a schematic view of a
ring architecture with each node including a splitter-conbiner, which can
provi de awtdo2e2€m36i pent protection, representing an enmbadimesut/2ef2t he
invention. FIG 6 illustrates a nore detailed schematic view of the A/ID
nodes depicted in FIGS. 1-5, appropriately |abeled "PRROR ART." FIG 7
Illustrates a schematic view of a physical bus, logical ring architecture
wi th each A/D node including two splitter-conbiners, a first of which can

provi de active ui.pnent prqtection a secgond of which ca -ovi de
fiber protecti oﬁq’ﬁﬂgyfﬂ’rt‘o_ d’ﬁ’-ait ?Vﬂ%(?‘{?gggi%beér@ﬁ&ﬁ‘,’ar&%%%gﬁtﬂ h eEfl%fcorrbi ned
embodi ment ,of e iBndd MRS AR with ’REEIREd I\ hEnoRiahERRERb SV Melihee VO

02/ 021736 PCT/ US01/ 26692 he invention and the various features and

advant ageoildustiatediih $he droephanying deawings ardidetoiled inthe JoNdwingr ef erence to the

nonlimting enbodinents that are illustrated in.t acconpanyi ng draw ngs
Cnd. dot ai | daseHpron St PitPoR FDoGmntS. HOtbAbEP st K Ba R OB o
Descriptio : kdAG: | s are
om 118 o 24 PlockEits HAMANETRIRARED ;o AP RolRp BRRRR LORY SERIIES 1
cont ext of inveationwedétatbn i ncl udes communi cati on networks. Expected

applications include physical bus, logical rings. Expecte appl i cations
al so include ri ridegoa @Etll?rlé‘éﬁntfpﬁén‘aﬁ@@rmﬁu@ﬁﬁlqwt\YB&SpI acing a

splitter in. th [ 1L t f n splitter in the
recei ving &‘Pﬁg‘SﬁE a%%cgéé}rlrge&%@g.p%%c%%él Stfazt) eaoﬂggsgﬁ%g{edsi gnal splitting,
the splittgpplicatidn®slsb srthderif®aiehaii6dtatesy available fiber optic tap
couplers. In the case of electrical signal splitting, the splitters can be

si npl e Y br anchée invensionroan include plagiwg afsplitter igphe trarsmeittengnpasle ofdupl ed

g? g? Lger tngdg and Snothér ssﬁﬁ{tlert %netilé ?gcréP\Jirrl]ge Ir)éthlol%tlgehsla?necr?ol&! %q t}?eoégsel: gration one

The

optical signal splitting, the splitters can be readily commercially available fiber
optic tap couplers. In the case of electrical signal splitting, the splitters can be
simple Y branches. In either case, two of the splitters can be coupled together
to compose a splitter-combiner. In this coupled configuration one of the
splitters functions as a combiner. The splitter-combiner in-turn defines a shunt
and a bypass.

By providing signals combined from the bypass with a gain of from
approximately 10dB to approximately 20dB relative to signals combined from
the shunt, a switching functionality is provided by the splitter-combiner. If a
signal is present on the bypass, this bypass signal will be detected. If no signal
(or only a very weak signal) is present on the bypass, the shunt signal will be
detected. It is important to appreciate that signals being transmitted along the
shunt ére overwhelmed by signals being transmitted along the bypass, if the
later are present.

The splitters that compose the splitter-combiner can be optical in the
case of an optical communications network. Alternatively, these splitters can be
electrical in the case of an electrical communications network. Further, these .
splitters could even be vibrational in the case of an acoustical communications

network. Other types of splitters could be used.



splitters functions as a conbiner. The splitter-conbiner in-turn defines a
shunt and a bypass. By providing signals conbined fromthe bypass with a
gai n of fwano2/appsoxi mately 10dB to approxi mately 20dB relmil/iw®i1Le9si gnal s
conbined from the shunt, a switching functionality is provided by the
splitter-conmbiner. If a signal is present on the bypass, this bypass
signal will be detected. If no signal (or only a very weak signal) is
present on the bypass, the shunt signal will be detected. It is inportant
to appreciate that signals being transmtted along the shunt are

over whel med by sl?rgﬁmeg apehiaddments OF the INERRLONEAD USH A PRSSHAESPILEE- the | ater

are present. The splitters th G e | 5 ! -ner..can be
optical in CPHgnnecfagléﬂbef 23R ogﬁﬁﬁetg‘%@g&mﬁrﬁ%&%%ggﬁtgf)ﬁ%?rmq%wlﬂilcta gr natively,
these splitihQh8e 6RO 1iBEr oticAublesd ! ThéudehsT agRssvesplitteraoatbindrcahfers
comuni cations network. Further, these. splitters could even be

vi br at i onalmajor adsantagse Fhergrs ne oeest for mechanieal or elaciringl switghingr k. Ot her
types of splitters couyl e, used,. 2/ 021736 1 USQ.1/.266 Preferred
embodi nent glllﬁe e r?"r‘?aég{ Fab‘” %g%lﬁg&gerﬁd_§§? \1}83{ rir??nétronégn‘?i%_ﬁ?r&gl n the
case of an (py &fﬂx &Feh%?éd?n RePRS #five Abiiké.CThERTPhO SHviteREo faflnc! ude two
fiber optic coup ellzs. he upse of a passive splitter-conbiner confers mgjor
advant ages.Theh€isend switchimetiohef or mechani cal or electrical switching. There

is no need for fault detectiaon., There is no, need for nitg&éﬁi}?. There are
ch to fail.

fewer conponent sTkoinyantéen ¢4 1gplude profectmgat 53st arptigniol amg
Th i i o i .. i . 1 1 | H |
po(ra'[ ?Olns OP Oagsawg{ ﬁ\ﬁ@'}lﬂgo% % al cgﬁfeé;lhpf{ FREL. %rcég:ﬁg:pﬂ% g%?l aoﬁ%fcﬁf hig at least a

_ S ure of si nnect’ I'i nes. For
exanpl e, gQily "&alarirﬁg))é&élﬁﬁbd@mbe progidedwithi agplitlencomboze If asignel provi ded

with a splitter-conbiner. If a signal_  connection line fails, the
spl i tter - combnessiontlinetfails, thxsplistestcombinershat a5 RErelative thg ﬁ?leg ling ¥k to
detecting Ssi\xgpc%l tg dfe{e%{}qné rs]iegnesllg lﬁ[](;[m t}{ensh'{lm. n HRY Waﬁt ath&ﬁ? I)ar? 8F fheof the
network can be protected from the affect of the failed line. This can be termed
fiber protection.
The splitter-combiners do not have to be located in thé same chassis as
the data drop/add devices, or even the same nodes. The splitter combiners can
be located in-between nodes. Preferred embodiments of the invention use a
passive splitter-combiner device to shunt the communications route around the
failed line.
Referring to FIG. 2, a physical bus, logical ring is depicted with a first
node 210, a second node 220 and a third node 230, each of which includes a .
data drop/add device 125. FIG. 2 indicates by dashed line segments that
additional nodes may be positioned between nodes 220 and 230.
A splitter-combiner 250 is located within each of the nodes 210-230.
Each of the splitter-combiners 250 includes a signal splitter 260 and a signal
combiner 270 (see the detail numbers relating to the splitter-combiner in the
second node 220). The signal combiner 270 is communicatively coupled to the
signal splitter 260. |
Each of the signal splitters 260 is communicatively coupled to a headend

input 262 (see the detail numbers relating to the signal splitter in the third node



network can be protected fromthe affect of the failed |ine. This can be
termed fiber protection. The splitter-conbiners do not have to be | ocated
in the saw® @@vassss as the data drop/add devices, or everrdiesosasm2nodes.
The splitter conbiners can be |ocated in-between nodes. Preferred

enbodi nents of the invention use a passive splitter-conbiner device to
shunt the comrunications route around the failed line. Referring to FIG
2, a physical bus, logical ring is depicted with a first node 210, a
second node 220 and a third node 230, each of which includes a data
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Che si gnal TSP TELAr 250 and the si onal conbi nor 280 can be termed
In this embodiment, the data drop/add device 125 of each node is
communicatively coupled to the headend output 274 of the corresponding signal
combiner 270. Data flow is from the signal combiner to the data drop/add
device.
By providing the third node 230 with its splitter-combiner, an important
expansion feature is enabled. The addition of another node to the third node 230
will be discussed below in more detail with regard to FIG. 3. \
The invention can include adding a node to a network without
interrupting service to other nodes on the network. For example, given a
physical bus, logical ring, the last (terminal) node on the bus ¢an be provided
with a splitter-combiner that will initially detect signals from the shut. The
additional node would then be connected to the splitter-combiner. The
additional node would then be the new terminal node on the physical bus,
logical ring. Upon connecting the additional node, the splitter-combiner in what
was the terminal node will switch to detecting signals from the bypass. This
can be termed non-intrusive expansion.
- As above, the splitter-combiners do not have to be located in the same
chassis as the data drop/add devices, or even the same nodes. Preferred
embodiments of the invention use a passive splitter-combiner device to bypass

the communications route to the new terminal node.



a shunt. In this enbodi nent, the data drop/add device 125 of each node is
communi catively coupled to the headend out put 274 of the correspondi ng
signal cwwabizner73270. Data flow is fromthe signal conbi nacTresoihesseat a
drop/ add device. By providing the third node 230 with its
splitter-conbiner, an inportant expansion feature is enabled. The addition
of another node to the third node 230 w |l be discussed below in nore
detail with regard to FIG 3. The invention can include adding a node to a

network w t hout ,interrupti servj,ce th twor k. For
exanpl e, given aRe Hﬂﬁ t@?‘ltlk“g%s?? “58‘. %oéfe%réli%hg?'{cthaggﬁggstog}tothge?r# ﬁdal ) node on
the bus' ' c#Bphad dewt d2sl hawbeén orfiebict 6 thetBifiinbde 28G:aThevsighali ni tial |y
detect signals fromthe shut. The additional node woul d then be connected

to the spl icomdingdnthefourthTode 348 d4 camamuhicatbrly wounegtadiethgvpstreamew

term nal nade o he .physi ¢cal S | qgi cal ring. Upon.connecti t he

addi ti onal IHB‘&é’?tﬁ‘%g‘l‘gidﬁdF?gP: Sitrierie Fen ltteg iR 54 R ode wil
switch to qetsmlhitcativiRoantdiedd the dBwRaFSam Stpht of @R thied hedeB3D.
non-intrusive expansion.” As above, the splitter-conbiners do not have to be

| ocated in the s@freourstyadditionalsnades maxtbe addepicathe foeth oeds 340 Byven t he sane

nodes. Preferred odi.nents. of the invention.use a SSi v
spl i tt er - caHBYIREE theJowrth pefe3A0 with it “E"(ffﬁ?l‘};h”&edﬂhﬁrfgﬁf‘fﬁﬁ %5 the new

term nal nﬂﬁ[- 217236 1/ 26692 Referring to FIG 3, a fourth
node 340, |c%¥¥)ﬁ%géélggg§%%b%ta drop/ add devi ce 125, has been
connected to theThdinventisiteanAddtludd protedtimpalt leasparpomion of a rirfpenetwork h node

340 is communicatively connected to_the upstream  input of the third node
230. Si ni | @agkipst faparespfacsive sgpipmest. Fop exaraplecan aqtive squipsunt degce

CoMT <2 R BT RS Bt oge 220
the active device is associated with a splitter-combiner. If the active device
fails, the associated splitter-combiner will switch to detecting the shunt signal,
thereby bypassing the failed device. This can be termed active equipment
protection.

Again, although it can be advantageous to co-locate the splitter-
combiners with the data drop/add devices, the splitter-combiners do not have to
be located in the same chassis as the data drop/add devices or even the same
nodes. Since active equipment can fail for a number of reasons, notably power
failure, preferred embodiments of the invention use a passive splitter-combiner
device to shunt the communications route around the failed active device.

Referring to FIG. 5, a ring architecture is shown with a first node 510, a
second node 520 and a third node 530, each of which includes a data drop/add
device 125. FIG. 5 indicates by dashed line segments that additional nodes may
be positioned between nodes 520 and 530. ;

In this embodiment, the data drop/add device 125 of each node is
communicatively coupled to the upstream input 272 of the corresponding signal
combiner 270. The data drop/add device 125 of each node is also
communicatively coupled to the downstream output 264 of the corresponding

signal splitter 260. Data flow is from the downstream output 264 of the



providing the fourth node 340 with its splitter-conbiner, the feature of
non- intrusive expansion is still enabled. The invention can include

prot ecti ngoai2/kedst a portion of a ring network against frd1/usoe2ed2active
equi pnment. For exanpl e, an active equi pnent device can be isolated from
the rest of the network by providing the node with which the active device
Is associated with a splitter-conbiner. |If the active device fails, the
associated splitter-conbiner will switch to detecting the shunt Signal

h by b he fail Thi
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splitter- g@ég@e%rlﬁﬁ,wgﬁ dritke gg{-@pgﬁd;gég%qald@ﬁmﬁ&zmhe splitter- conbi ners

do not hav ocated in the sane assis as the data drop/add devices
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reasons, not abl f ai ef er, ts of the invention use
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around t he _ hitecture
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each of VWIﬁdihsdﬁcérlsddSasaa dlm‘rge-quﬂéchdekncdeElecmcchﬁrcuﬁtl 620 iS compled &t es by

dashed |ine segnents that additiopal nodes osi tioned between nodes
520 and 530’€heIOﬂ?tltJQhr%CCéYﬁé&dpné%’t(’l’ttcﬁbtfmﬁﬁr@%)@@(ﬁé\ﬂo&! ed3athst each node

o gnal | conlio28Y o RAER thotREer B e echln o o iRafgh SSPPCS
comruni catlmhmsg%@}gﬁ)d&,o t he downstream out put 264 of the correspondl ng

signal splitter 260. Data flowis fromthe downstream out put 264 of the WO
02/ 021736 PCT/ usmh¢zwsgaonmalssmhmhem@m@namgprm@p ﬁ @ to the data
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drop/ add deyififind Arsé furkBBhAKRE, twd &F the splitter-combiners can be joined

together to form a combined device. Again, preferred embodiments of the

invention use passive splitter-combiners. However, all aspects of the invention

can be implemented with active splitter-combiners.

| Referring to FIG. 7, a physical bus, logic ring is depicted with a first

node 710, a second node 720 and a third node 730, each of which includes a

data drop add device 125. Of course, additional nodes may be located between

the depicted nodes.

In this embodiment, each of the nodes includes two splitter-combers
250. By coupling the headend output 274 of the first splitter-combiner to the
headend input 262 of the second splitter combiner both of the features of fiber
protection and active equipment protection are enabled. By providing the third
node 730 with its splitter-combiner, the feature of non-intrusive expansion is
enabled.

The invention can also be included in a kit. The kit can include some, or
all, of the components that compose the invention. More specifically, the kit
can include the splitter-combiner and other components of the invention. The
kit can also include a splicing equipment and supplies for retrofitting existing
nodes with the invention. The kit can contain a computer prdgram. The kit can

also contain instructions for practicing the invention and apparatus for carrying



nore detailed manner. The data drop/add device 125 includes an optical.
receiver 610 (ORX). The optical receiver 610 can be an

opti cal - twoel2eeimeni ¢ transducer such as a charge- coupl edaiavsoae6692
Electrical circuit 620 is coupled to the optical receiver 610. An optical
transmtter 620 (OIX) is coupled to the <circuit 620. The opti cal
transmtter can be an el ectronic-to-optical transducer such as a |aser

di ode. The invention can also include conbining two or nore of fiber
protection, non-intrusi expansi on, angd/ or, active devjc rotection. To
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i nvention use passive splitter-conbliners. However, all aspects of the
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while simultaneously maintaining sufficient shut sensitivity to meet the needs of
a contingent switching event.

The term approximately, as used herein, is defined as at least close to a
given value (e.g., preferably within 10% of, more preferably within 1% of, and
most preferably within 0.1% of). The term coupled, as used herein, is defined as
connected, although not necessarily directly, and not necessarily mechanically.
The term deploying, as used herein, is defined as designing, building, shipping,
installing and/or operating. The term program or phrase computer program, as
used herein, is defined as a sequence of instructions designed for execution on a
computer system. A progfam may include a subroutine, a function, a procedure,
an object method, an object implementation, an executable application, an
applet, a servlet, a source code, an object code, and/or other sequence of
instructions designed for execution on a computer system.

The particular manufacturing process used for fabricating the splitter-
combiner should be inexpensive and reproducible. Conveniently, the splitter-
combiner of the invention can be fabricated using any splicing method to join
two Y branches, either optical or electrical. In the case of optical branches (e.g.,

tap couplers) it is preferred that the process be an optical butt splicing



WO 02/ 021736 PCT/ US01/ 26692 out the invention. Unless otherw se specified,
t he conponents (and apparatus and/or instructions) of the kit can be the
sanme as tWwose/asBd in the invention. The invention can al wwsoli2em?2dat a
processi ng nmethods that transform signals fromone state to another. For
exanple, the invention can be conbined wth instrunentation to obtain
state variable information on the detected signal(s) to actuate

i nterconnected discrete hardware el enents. For instance, the invention can
i ncl ude nonjtor.in he,swi tching.state of the sphitter-caonbiner and
reporting t'!f‘?gﬁ’i“q'é‘%a{:%r the WWBP%E‘EH%%P?‘{%}OW gé%%g{l\{agﬁagggogfng M o%m dat a.
Further, thgghiueRk! Qd&Abet¥@Riduac! ude neasuring the relative signal
attenuation ~between the bypass and shunt to change the split ratio of the

si gnal splitter sHosvwesen thespagtieulacoabifacusingipracessmsed foefabricating theol ari zer s
and/or refractive index. device t hereby l.owering detect.ed noise fromthe
shunt duri n.ﬂﬁ‘.&?ﬁﬁg@%ﬂ’ﬁé%‘?‘?t&ﬁse"ﬁﬂi tpgﬁgf"r%f“t‘%%sol:ﬁggﬂs Hrﬂwaf%{ﬁﬁg suf fi ci ent
shut sensi t jaifived RintBERalitPe %Qllfl;’y Hose @vh?%ld_ gr&%fe tifnlEftidigvavent . The
term appr oxi rrate?y, as used herein, Is defined as at |least close to a

gi ven val uesefect the mpmehetodbg prodesbased Qpomwioolingraed pnefe relisemeints)i n 1% of ,

and nost preferably within 0.1%of). The term coupl ed,, as used herein, is
defined as theswpectedepPlisrtion IRNITRBIENISEE dhg Mhpg‘fo‘ﬁi%@@gﬁb? depandscy

necessari | yth@%%@x%ﬁ\i}rﬁ%dfﬁ(ctﬁﬁ%_%ﬁmtcggsm depl oyi ng, as used herein, is defined
ul shi N

as desi gni ng, I'ng, ng, installing and/or operating. The term

program or phr aswiiRMmBtbeingliRPERId angpartiadsl geefoemance iadideforoed as a
sequence of instructions designed for execution on a conputer system A

pr ogr am naydiageestig édentifighrnseferned embotliments ehthe dnysngien gan be ideatified; ect
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i nstructi ong ifeféaRAE oliffut BRARUDIIRE-QIBIn&O RLhE hesdent Dpul BEthRAr ti cul ar
manuf acturing process used for fabricating the splitter- ‘conbiner should be
i nexpensi vespditigr-cempbudtnche ddfer@mevie mélativd strengthcbegyken signal(s) entering:

the head end input and signal(s) entering the upstream input should be from

approximately 10 dB to approximately 20 dB. This difference in relative

strength between the signals can be achieved by selecting the tap coupling ratios

(split ratios) of the signal splitter and the signal combiner. This difference in

relative strength can also be achieved by adjusting the amplitude of signals

entering the headend input and the amplitude of signals entering the upstream

input. The test for the presence of sufficient signal strength differential can be

carried out without undue experimentation by the use of a simple and

conventional signal strength meter experiment.

Examples
Specific embodiments of the invention will now be further described by

the following, nonlimiting examples which will serve to illustrate in some detail

various features of significance. The examples are intended merely to facilitate

an understanding of ways in which the invention may be practiced and to

further enable those of skill in the art to practice the invention. Accordingly, the

examples should not be construed as limiting the scope of the invention.

Example 1



conbi ner of the invention can be fabricated using any splicing nethod to
join two Y branches, either optical or electrical. In the case of optical
branches we&a/021736ap couplers) it is preferred that the prraas®ibesdan
optical butt splicing WO 02/021736 PCT/USO1/ 26692 technique. For the

manuf acturing operation, it is an advantage to enploy a U/ Ilight curing,
gui de tube technique. However, the particular manufacturing process used
for fabricating the splitter-conbiner is not essential to the invention as

ong s [ provides, 1 LeSGRLNSS! e LORRILL KocNIEITDY s vho ke

or use the inven ect urrn rocess based upon
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the final product, and the demands of the overall manufacturing process.

Whi | e not bsplitigricombired. The sphittaragombinéraan pedlads #rsigad sphtecwhere or
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t he headend tput o spl er-conbiner, the diffefence in relative
st rengt h befiberapticicgnpletsyvitk thieoutmt poth eativeare reatdillyi copuneraiadlysi gnal (s)
entering the upstream j shou) d be fro r oxi jyat 0 dB to
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rel ative st¢@angihbr wherealppfoximareiyhbeXbad thy cadpined siggaltdnergynisldetivete of

signals entering the headend i nput aond t he anplitude of signals entering
t he upst r eaffomthpshuntand appseximgtely RA%nidhe gembiped signal enesgy 1ssi gnal

PHLoTOL 9 LSLATGR L ERRRE, SEAL S BB RSB 2 o ™
(I]-Z|>e<§ (r:rrr)! EZ | gf;\faﬂhmiecfrcﬁﬂmi FR (A eriele H-TERDY Aok, | The (@wders SWBher
and/or SMFC); and Amphenol (part nos. 945-130-1000, 945-131-1000, 945-
132-1000, 945-170-1000, 945-171-1000 and/or 945-172-1000).
Example 2
A physical bus, logical ring, can provide the fiber protection and non-
intrusive expansion functionalities where each add/drop (A/D) node includes a
splitter-combiner. The splitter-combiner can include a signal splitter where
approximately 10% of the signal energy is deflected to the shunt and
approximately 90% of the signal energy is directed toward the bypass. Suitable
fiber optic couplers are readily commercially available from JDS Fitel (AC
Series); Amphenol (part nos. 945-130-2000, 945-131-2000, 945-132-2000, 945-
170-2000, 945-171-2000 and/or 945-172-2000). The splitter-combiner can
include a signal combiner where approximately 10% of the combined signal
energy is derived from the shunt, and approximately 90% of the combined
signal energy is derived from the bypass.
Example 3
The active equipment functionality can be provided by a ring
architecture where each add/drop (A/D) node includes a splitter-combiner. The

splitter-combiner can include a signal splitter where approximately 10% of the

signal energy is deflected to the shunt and approximately 90% of the signal



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

detail various features of significance. The exanples are intended nerely
to faciliwat®/mo2emseunder standi ng of ways in which the i nverrdmorsomagsobe
practiced and to further enable those of skill in the art to practice the

I nvention. Accordingly, the exanples should not be construed as limting
the scope of the invention. Exanple 1 WD 02/021736 PCT/US01/26692 A
physi cal bus, logical ring, can provide the fiber protection and non
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approxi mately_95% o he sj gnal ene Q%IS directed toward the_ bypass.
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i nclude a signal conbi ner Rhetiealaiyplioatiomstofite WO8atidn t he ]?O”Ei nedms)i gngl
energy is derived ,fromt hunt d.appr.oximat el y 50% of the conbi ne
signal energy is MFV@&PWP@W?%"%%Hgfént‘%ﬁhﬁhmsé’afl}w higthe ¢ coupl ers
are readily cRERRI 1@dl|a)‘ts 1@&1@'&0 h@uglﬁ%pﬁ%of bf ced lcﬁfcfﬂ fivorks; TEK
Dynam cs, Inc. (nodels and Anp heno part nos’

945- 130- 1000, sughzs &Gdlng@(lﬁta &oﬁ/addﬁadéLMngHedzﬁOFﬂﬂm th84ibreiidn 000 .

d/ 945-172- 1000 al lLogical rin can provide
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splitter-conbiner can include a S|gn splitter ere appr Sy 10% of
the signal enmexdgy ss‘serdéf:bmale:dbkem) bhim csinpmt;tmmdath&pﬂfr@lhngmﬁ@dpyeaﬂ(l% of the

si gnal energy S d rd the bypa Sui tabl e fiber optic couplers
arg readi |y cHmAS &%} “é?/a feipye &ormpg nﬁ%"?}l #%4atg drop/add nodes and/or

repeaters), or the like. There are virtually innumerable uses for the invention,
all of which need not be detailed here.

All the disclosed embodiments of the invention described herein can be
realized and practiced without undue experimentation. Although the best mode
of carrying out the invention contemplated by the inventors is disclosed above,
practice of the invention is not limited thereto. Accordingly, it will be
appreciated by those skilled in the art that the invention may be practiced
otherwise than as specifically described herein.

For example, the individual components need not be assembled in the
disclosed configuration, but could be 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 splitter-combiner described herein can be a physically separate
module, it will be manifest that the splitter-combiner 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 disclosed embodiment

except where such elements or features are mutually exclusive.



Series); Amphenol (part nos. 945-130-2000, 945-131-2000, 945-132-2000, 945-
170- 2000, 945-171-2000 and/or 945-172-2000). The splitter-conbiner can

i ncl ude awxi @mwai73conbi ner where approxi mately 10% of the cuthiseedesdegnal
energy is derived fromthe shunt, and approxi mately 90% of the conbi ned
signal energy is derived fromthe bypass. Exanple 3 The active equi pnment
functionality can be provided by a ring architecture where each add/drop
(A/D) node includes a splitter-conbiner. The splitter-conbiner can include
a signal splitter WheN®edmifex thatwbud 834iGnst BRJifRaHOX argner gy is

defl ected to the shunt and approxi mately 90% of the signal WO 02/021736
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i n conj unct i GHRIDN ustNECihaDhEAsE (‘mganser.8 pixpedicot embledimgatsfof tha inwértione of
active conpo ) s data dr.op/ gdd.nodes and/or repeaters), or the
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need not be detailed here. Al the disclosed enbodi nents of the invention
described herein can be realized and practiced w thout undue
experinmentation. Although the best node of carrying out the invention
contenpl ated by the inventors is disclosed above,




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 her w sewichen2esespeci fically described herein. For exanma/uloneeco2

i ndi vi dual conponents need not be assenbled in the disclosed
configuration, but could be assenbled in virtually any configuration.
Further, the individual conponents need not be fabricated fromthe

di sclosed materials, but could be fabricated fromvirtually any suitable
materials. Further, although the spl¢ﬁ%§\r4-conbi ner described herein can be
a physically separate nodule, it wl §'ani fest that the
splitter-conbiner may be integrated into the apparatus with which it is
associ ated. Furthernore, all the disclosed elements and features of each
di scl osed enb¥betneplaimethisbe combi ned with, or substituted for, the

di scl osed el enents and features of every other disclosed enbodi nent except
where such el enents or features are nutually exclusive. WO 02/ 021736

PCT/ US01/ 26692 | tANbpparkifls, Bhipticing al ddaimividtdtivns lialaid editmunistidrscat i ons
and rearrangenents of the features of the invention may be nade w t hout
deviating frikineladiggirit and scope of the underlying inventive concept.
It is intended that_,the scope of the invention as defi,ned by the appended
claims and thei r BOEraRPEe: SmpoGerteEio Hefth et RE o stilferdhe - "ang
rearr angenentsembinte imfpiagted cl ains are not to be interpreted as including
means-pl us- function limtations, unless such a limtation is explicitly
recited in a given cl & nigngisplétarivempnimaensivelyeapnpletl de a‘hegepd dpatend

Caog T eGSR SheaR (R DB Y, 2, 2FPnged subel o
conprising a comuni catgigi$ cobmbiter Ehfubiesively 6QIPIaN® sald signal Bslltiedi ng
communicatively coupled to an upstream input, and communicatively coupled
to a headend output; and
a data drop/add device communicatively coupled to said downstream

output and communicatively coupled to said upstream input.

2. The apparatus of claim 1, wherein said data drop/add device includes an
optical-to-electronic transducer coupled to said downstream output and an

electronic-to-optical transducer coupled to said upstream input.

3. The apparatus of claim 1, wherein said splitter-combiner is a passive
device.
4. The apparatus of claim 1, further comprising another splitter-combiner

communicatively coupled to said headend input and communicatively coupled

to said headend.

5. The apparatus of claim 4, further comprising another data drop/add

device communicatively coupled to said another splitter-combiner.



a splitter-conbi ner communi catively coupled to a headend, said splitter-
conbi ner including: a signal splitter comunicatively coupled to a headend
i nput andwocermumscati vel y coupl ed to a downstream out put ;pcanSosi2¢mal

conbi ner comuni catively coupled to said signal splitter, comrunicatively
coupled to an upstreaminput, and conmunicatively coupled to a headend
out put; and a data drop/add device comuni catively coupled to said
downstream output and conmunicatively coupled to said upstreaminput. 2.
The apparat useof CTRd sBphratdI6ff Ghith F%ﬁergﬂts%d@o ﬂ%qgatgﬁg 16 1ﬁcn|§:de'§qgs an
optical-to-electronic transducer coupled to sal ownstream o ut "and an
el ectroni c-t copisal ler conplad betveren said ppbttert @nstanet annsmﬂdﬂmlendpsﬁm 3. The

apparatus of ¢l ai in sai.d.splitt I her. assive device.
4. The appar atgél 8‘?19{9’ é’i‘cﬁl“%s @@Pf‘ﬁ%ieemﬁaﬁftsr Sé’ri’o*t‘%!bﬁ? C%’]BBE“F’E er - conbi ner
conmuni cat i vehylugeid @q,ctapbe%% ébhgiagend i nput and communi catively coupled

to said headend. 5. The apparatus of claim4, further conprising another
data drop/add device com‘rum catively coupled to said anot her

splitter-co ner...WWO 02/ SO01/ 26692 6. .The apparatus of claim
1, wherein gg? d coifhP, ?é?qlfnnciw cF B cﬁﬂ‘m‘H’b‘Eqné’é? PT“F B\&ﬁ“d@%pl ed
bet ween sai d Soikiaf Dl Wd&?w@@f’saﬁﬁéﬂtﬂ%ﬁ@gﬁﬂgxe %\) FhHaRhd Ssgid' tter
includes an optical beamsplitter and said si gna I ner 1’ncludes an
optical beamsignabsplisier 1n7clu hena]@purcat spdittef cicduat &nd]s,ald/\hgi&lcﬁmbﬁied
conmmuni cat i ons 4l i nk | ? coaxi al cabl e coupled between said
splitter- coniPHEIESHNF %Cé’i“ba ﬁgﬁ‘aﬁﬁﬂc“%f d signal splitter includes an

el ectrical splitter circuit and said signal conbiner includes an

el ectrical conbiner circuit.
An apparatus, comprising a communications link, said communications

link including
a first splittey-combiner communicatively coupled to a headend, said
first splitter-combiner including:
a first signal splitter communicatively coupled to a first headend
input and communicatively coupled to a first downstream output; and
o a first signal combiner communicatively coupled to said first
signal splitter, communicatively coupled to a first upstream input, and
communicatively coupled to a first headend output;
a data dfop/add device communicatively coupled to said first
downstream output and communicatively coupled to said first upstream input;
a second splitter-combiner communicatively coupled between said first
headend input and said headend, said second splitter-combiner including:
a second signal splitter communicatively coupled to said headend
and communicatively coupled to a second downstream output; and
a second signal combiner communicatively coupled to said
second signal splitter, communicatively coupled to a second upstream input, and

communicatively coupled to said first headend input.



8. An apparatus, conprising a conmunications |ink, said conmunications
link including a first splitter-conbi ner comruni catively coupled to a
headend, wai a/02ii36st splitter-conbiner including: a first RiTgysh/26qpbitter
comuni catively coupled to a first headend input and conmunicatively
coupled to a first downstream output; and a first signal conbiner

comuni catively coupled to said first signal splitter, comunicatively
coupled to a first upstreaminput, and comunicatively coupled to a first
headend out pug; a gf#ﬁ [ ' | vel oupled to said
first downst rb'eam gﬁ%p %ﬁ%aﬁlgﬁ%ﬁ% ‘%g?rlg@]e y %%%g*"é’gad%ﬁo egléflgdm?‘il&regtanupst ream
input; a secopiitabpd-eletieonic aahiduesr coupledno et ideeinstreouphptt Hftareen said
first headend inpuyt and. said headend, said second splitter-conbiner

i ncl udi ng: a $lEeEPRIC-89-gRtigal ¥pnsducercouplehinstid upstesam Wpwhl ed to sai d headend
and communi catively coupled to a second downstream out put; and a second

si gnal conbi ner comruni catively coupled to said second signal splitter
comuni cati vel§. colh¢ epparaugofeaians, wistincnh saidGist splivter-coaiBinsiiagat i vel y
coupled to said firsé &ﬁadend input. WD 02/021736 PCT/ US01/ 26692 9. The
appar at us of tai%5§0Rd splftarzcombingr arepassivefdepresdd devi ce incl udes an
optical -to-electronic transducer coupled to said downstream out put and an
el ectronic-to-optical transducer coupled to said upstreaminput. 10. The
appar at us of tl.ai nifBe appaeates of daiirh8 Sfaitterf dongrisiiy d thirdrsplivetéoadsingnd sai d
second splitter-conbi ner are passive devices. 11.. The apparatus of claim

8, further coﬁ_‘ﬁW‘P’BF‘ﬁ@tl‘ffIX Fﬁ"%Pée.(%ﬁS’I ?idtllﬁadmpwd commimeatirelyupledoupl ed to
sai d headend papuL, WS&BWH ig&%&%@rﬁ%%i&(ﬂea&%ﬁ ween said second
eadend. )

splitter-conbi ner and sal e apparatus of claim 11, further
conpri sing anot her data drop/add

12. The apparatus of claim 11, further comprising another data drop/add

device communicatively coupled to said third splitter-combiner.

13. The apparatus of claim 8, wherein said communications link includes an
optical fiber coupled between said first splitter-combiner and said headend, said
first signal splitter includes an optical beam splitter and said first signal

combiner includes an optical beam combiner.

14.  The apparatus of claim 8, wherein said communications link includes a
coaxial cable coupled between said first splitter-combiner and said headend,
said first signal splitter includes an electrical splitter circuit and said first signal

combiner includes an electrical combiner circuit.

15. A method, comprising deploying a communication link, at least a
portion of which is protected against active equipment failure, that includes a
splitter-combiner communicatively coupled between a data drop/add device and

a headend.



devi ce communi catively coupled to said third splitter-conbiner. 13. The
apparatus of claim@8, wherein said communications |link includes an optical
fi ber couploet/betseeen said first splitter-conbi ner and sairtTmesdesd? said
first signal splitter includes an optical beamsplitter and said first
signal conbiner includes an optical beam conbi ner. 14. The apparat us of
claim8, wherein said comrunications link includes a coaxial cable coupled
between said first splitter-conbiner and said headend, said first signal

splitter incluydes el ect.ri.cal lLtter circuit and.said,fitrst signal

conbi ner i ncl Ules ’gﬁe @F@gfirqf(‘?%'mignﬁrh‘éf cQpprising swHenngsaid sPISEEr- conpri si ng
depl oyi ng a ceymMiiérdRih %Tybmkstat@{o 4 SRS stdte a@Qrsbﬁt%}—&hBMEr%énitBQr otect ed
agai nst active equipnment failure, that includes a splitter-conbi ner

comuni cat i vedaja dopmidddeviee wWeenmmunigstivelly dptagdedifoingke splidteraombacend. WO
02/ 021736 PCT/ US01/ 26692 16. The nethod of claim 15, further conprising
swtching said splitter- conbiner froma bypass state to a shunt state at a
splitter-conmbimner Themethba ofdRim 19r op/ add device is communi catively
de-coupled fromthe splitter-conbiner. 17. The nethod of claim 15, wherein
sai d splitter-conbivhrseinisaisl splistsr-cembingniabluded:i t t er conmuni cativel y coupl ed

to a headend input and _co nj.catively.coup] ed tp .a downstr.eam output; and
a signal conbi ner comm?ﬁflggguisehﬁv c@%‘?’gﬁfqivgfys%ﬂul}%gitﬁﬁ%@g !IPQ‘{té'Pa

conmmuni cat i Vedo)’mﬁﬁkﬁéﬁtﬁz@gi@@[&ad_&ﬁ%ﬂoﬁﬁﬁirkﬂﬂ%ﬁpuﬁ%ﬂdComm”' catively. coupled
to a headend output, and wherein switching résults froma comunicative

decoupl i ng of said upsasigaghcombiner commustativelpwospled tosaidisignal. 18, The
. . . uni . . . | it
oo s el polhRatlval CuSeaTE N GRreRh Snpu dod dhiniitahely U2 1 1Y
coupled to a headend output, and
wherein switching results from a communicative decoupling of said

upstream input from said downstream output.

18. The method of claim 17, wherein

said communications link includes a plurality of drop/add devices and
said splitter-combiner is communicatively coupled between a first of said
plurality of drop/add devices and a second of said plurality of drop/add devices,
and

said second of said plurality of drop/add devices is communicatively de-
coupled from said splitter-combiner, thereby communicatively decoupling said

upstream input from said downstream output.

19.  The method of claim 15, further comprising monitoring a switching state

of said splitter-combiner.

20.  The method of claim 19, further comprising reporting said switching

state to said headend.

21.  The method of claim 20, further comprising recording said switching

state as diagnostic data.



said splitter-conbiner is communicatively coupled between a first of said
plurality of drop/add devices and a second of said plurality of drop/add
devi ces, want/e#izd second of said plurality of drop/add dedTe®1i26692
comuni catively de- coupled fromsaid splitter-conbiner, thereby

comuni cati vely decoupling said -upstreaminput from said downstream
output. 19. The nethod of claim 15, further conprising nonitoring a
switching stater of said splitter-conbiner. 20. The nethod of claim 19,
further conprising reporting said switching state to said headend. 21. The
met hod of claim 20, further conprising recording said switching stateas
di agnostic da2a. V‘ﬂx@ﬂieﬂ%ll?&@ld?ﬁ'%uﬁgﬁ{e?@&ﬁﬁnmggme-zmﬁngei 9ﬂ1g9fs1 Gl m 15,
further conprising nmeasuring a relative si attenudti on Ween

det ect ed bypa@tsengafg?mbetwn@n @d@te@tedbmsshgml apil gridetectedixhuihsgmatt hod of claim
22, further conprising changing a split ratio of the splitter-conbiner.

23.  The method of claim 22, further comprising changing a split ratio of the

splitter-combiner.



