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PHOTONI C HOVE AREA NETWORK | P SR B

| NSERTI ON APPARATUS '

Techni cal Field, ' The present invention relates to an
dpparatus for routing power and inserting fiber optic cabling for a
photonic | ocal area network in a residential or a business nei ghborhood.
Background of the Invention 5 - Conventionally, electrical power
servi ce cabling and comruni cations service cabling-such as cable and
t el ephone communi cati ons- have been physically separate because of

el ectrical noise i nterference on communi cations and safety concerns
wi th exposure to high power transm ssion cabling. Conventionally,

power and conmmuni cations cabling were al so separate installations because
different providers provided the installation.

PHOTONIC HOME AREA NETWORK

FIBER/POWER INSERTION APPARATUS

Technical Field
The present invention relates to an apparatus for routing power and inserting fiber optic

cabling for a photonic local area network in a residential or a business neighborhood.

Background of the Invention

5 Conventionally, electicél power service cabling and communications service cabling—such
as cable and telephone commmﬁcaﬁons—have. been physically sepérate because of electrical noise
interference on communications axid safety concerns with exposure to high power transmission
cabling. Cénvenﬁonally, power and communications cabling were als6 separate instaliations because

different providers provided the installation.
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' WD 98/ 35249

PCT/ US98/Ré@3As: Fi ber-optic cable has been avail and
Has a non- conéuzc‘:‘?i ve capacity in which electric or - q’é%@#@@?‘bgf i el ds

do not affect transm ssion of optical waveforns through the optic cable.
Thus t he conventional constraint for m xing communi cations cabl es
Wi th power c&ibeeopticiealiiohas teen available and hasca non-conductive capasity inowhich electrigor
resol ved. Exanpl es of power cables incorporating fiber optic cables is 5
i 11 ust r afpeticfidiisSdo ttafiott thansmissidn éf dptfvabwalvefort Srbdgh the optici cdble. Bintsathes et
al ., which discloses an enbedded fiber optic cables within ground

conduct Qbsvehifunl dofstidinBifor il iohd E¥Bled Wwith ipb@er ¢4bRS due to electronic “white
Conventional ly, new nei ghborhood devel opnents have utility connections such

as -el ectyfisg@leoncems was rESONRE. Eﬂxﬂ&OSFpEm%@Worﬁdﬁtﬁgeﬂbég%ﬂﬁc cablek §s

tel evi si on coaxl al cable. Each service 1s trenched y separate

| 2L s ) w19

par al | oAU SR el R R el conductors st HiphVoBs fiE il rhbctores,

0001007 0, SESch A 40T bt SR VAN Bk s i

T FE R T e sk ERE I

e S Yo RS sl B B i B0 sl 1™
e

conpani es woul d have field technicians read . £)0mer neters.. l'll'tggs

r eltli ngsomplextty andoverll cashyponvgutionally, BUMAE ROWSE & Bevedevelopmentsiis distrijuted to

Thus, to reduce costs and conplexities in construction and_ installation, an

i nt egr atess! trongfermers in a paraap@el»m Krom ithe, Hansfarmers; the wideg isninstalled; in a star

sel ective distribution and data acquisition for providing 20  power and

commruni ¢epolognt each inflividual homg oxbusiness. (Gonvensionally) communieatinasseomnanies| forgdheir;

desired. It is also desired that the integrated power and

conmuni o&ni amsmumications distribution geertant dn totale powersand mompetmidatiops installation feri aleo,

audi o and hi gh bandw dt h dat a. From t he foregoing

di scussidevelopnient eequire fiegpenching irsthllatioms. a need exists for a sinplified

nei ghbor hood transm ssions systemthat is safe and has a | arge data rate

f ors accomodFurth@rmvdre ervice’Sompany dthitorig 6f &icgdiohers dve diak litided and chntrol ied

synchronous, asynchronous, unidirectional and bi- _
maintenance intensive. For example, power service companies would have field technicians read

power meters. These readings would then be compiled to provide a customer their billing.
Thus, to reduce costs and complexities in construction énd installation; an integrated power
and communications distribution unit for selective distribution aﬁd data acquisition for providihg
20 power and communications services to a set of residential or business buildings is desired. It is also
| desired that the integrated power and communications unit have a large data rate ro accommodating
video, audio and high bandwidth data.
From the foregoing discussion, it can be appreciafed that a need exists for a simplified
neighborhood transmissions system that is safe and has a large data rate for accommodating video,

25 audio and high bandwidth data with mixed synchronous, asynchronous, unidirectional and .bi-
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PCT/ US98/ WOPBES249 directional transm ssion formats 'Wbsba?mms
integrated withi.n the community and the power distribution
system ' Summary of the

Lnventiop . . . Provi ded is, an, apparatus for distributing and
cont r ol 19i5sgtional franspissiog forpats thatds Hﬁ?weﬁﬂﬂm’r"cfg%f’?‘?m“m%“d the pawes; distabution -
comuni cations signals to and between a plurality of subscribers.

A phot of¥#emi stri buti on apparatus for a hone area network having a
plurality of subscribers has an optical transm ssion nedium for
conveyi ng a conmuni cati ons dat Swamary oftbefaventiog a plurality - of
distribution instruction segnments, a mcrocontroller circuit, and a

communi cat i orBrovided is anyapparatusi for distributing and tontralling disttibutiohrof eiktemialiy ardotalix

has at | east one transmt and one receive pathway. The comuni - 10
cat§ ons genstited gorinufichtions eipnaiti and berveen diphirilitpof substribeg! r ucti on fromthe
m crocontroller circuit The routing circuit has a plurality of

fiberoptic svA phbeficidistribution SpParatusfor A Home atdadetrwidrk Raviniea PRONBELSE subscribers
wherein a first fiberoptic switch of the plurality of fiberoptic swtches
has an hadi optiedl HhriHission medium for EINOEYY & Sdrhdhukieiions SRE! sipal TaMHinMB 3 phiaamy v e
pat hway, and a |last fiberoptic switch of the plurality:of

fi ‘ber opioF gishibutiGh @Strition SepnitnisP4 nidrSedirbidr dXe@t ARd uﬁam}&ﬂmg' irot. d
transmt pathway. 15 " P I'n anot her aspg%?,gt llgiﬁp otoni C dirailt
di stri b 1P B aeRtistson . s itRimit 1. SSk di.um
havi ng gt&lbﬁg%@ one tra@ntﬁngﬁsc one recelve ﬁ%%&%gmse ond® ‘E?‘b%‘r

oo 236t routng cirout pRBCIE) ooy B8 ARG peg e b Sonhen i, e o

Lot ho Todtls ST s plslBFberBER HRtrEh ot Rhrbriiusmicobie Pl o sohEn

The second routi.n i rcuit has econd.. 2 luraljty of fiberoptic
i t ChoSHERR 8, 5D HOEToD A b 540 AR O fibosapDe Richesh e gt fhenal
fiberoptjc switch of the second plurality of fjberoptic swtches has_ an
i nput tB*‘WPPF&FﬁYp‘FRS‘PW‘Q@IW one refeive Paghyyye and-alast fiberontic swatch ef the plurglity wfiay |
and a Igls)t' fiberoptic switch of the plurality of fiberoptic
swi t che SDFTQRUGSMiEhes s ap aptpptigrmingl photepically conaeatadde said tensmitpathwayansni t
pat hway. . In a further aspect, the optical transm ssion
nddi uns are &Wisaetder aspacts thecphotaniq digiribution appapius has 4 second optigal dransmission
el ectrical power conductors.

medium having at least one transmit and one receive pathway. The second optical transmission

Z

medium is for redundantly conveying the communications data signal containing a plurality of

distribution instruction segments. A second communications routing circuit is responsive to. the

distribution instruction from t_he microcontroller circuit. The second routing circuit has a second

20 plurality of fiberoptic switches in fiberoptic communication with one another, wherein a first

fiberoptic switch of the second plurality of fiberoptic switches has an input terminal photonically

connected to said one receive pathway, and a last fiberoptic switch of the plurality of fiberoptic
switchgs has an output terminal photonically connected to said transmit pathway. |

In a further aspect, the optical transmission mediums are embedded in an electrical cable

25 having a plurality of electrical power conductors.
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PCT/ US98/ WodsBs249 In yet another aspect, t%ﬂ&gﬁﬂ@@n has

a high-vol tage enclosure, and a | ow voltage encl osure,

m crocontroller circuit and the communications routing circuit being
contained in the | owvol tage _ encl osure. A high-voltage transforner
cont ai ned wi tifiiet asathest aspiectthe tiventign hasadhighsvoltage endlesure; ands# lomnynltage enclosure,

el ectrically connected to said plurality of electrical power conductors of
sai d el g rhicRobntle circainahdsthe dommunications routing eirmiitbeing wontaiped inthe low-voltage
transm ssi on nedi uns photoni cal | y. These and ot her

f eat ur egn@odire Y RPH-96I0Ee RinskdiePéoRfidd withitesld 9gh-véllape BRl@BRASAd traristorinep s e
skilled 1n the art upon reading the follow ng detail ed description of

preferr | turality of elec@ic'gowes cordubtbR: otsadiele6trical cable and said
%ﬁ@g&@?ﬁﬁ!&{eﬁt@?ﬂ%pu&%tyo e P cable )

Description e Draw n The acconpanyi ng draw ngs are

| nGor POTaksgila by BpiEbal PhcRniisibi Pedfifns piGrofiRRl i cat i on_ {o

il "'ustrate several ‘exanples o e présent invention. The draw ngs together

W th the des eg&% b othef HeGrures and advm%%%@*r&é@%v&fﬂoﬂ?ﬁtﬁ hgipﬁ}fre&tfﬂ@those

i nvention. Th aw ngs are not nece 0 scale an

et o | < sSHiad 8 g s Snfy Pk BF Yordtly 5o RRER o broteedC b ilapnpad Bhd ' ©

the purpogse, of illustrating preferred and alternative exanples of 15
how t he TFEFBELP Bis e made and used and is not to be construed as
limting the invention to only Il l,ustrated and descri bed

. e t
exanpl es. The various advant ag??‘ﬂﬂf‘“f‘é’&ﬂ"regwgthe present invention
wi || be apparent from a, copsideration of the draym.ngs in ch: .. .
FIY 1is a sﬂwa&mmmmsmwemﬁ?m%ﬁ]mgv r?mpgweﬁpe?ﬂ‘?“ﬁ?é%ent
i nvention,; is a schematic of a ph%tloni c djstribution

Fig 2
uni t of iluseatpseveralxamples af %n{egenzélvenhm The drawings tegether with the description serve

power / communi cation network inplemented with a plurality of photaonic
di st ri bde iexplaimithesprinciples of the invention. [Fhg. drawings gresaofcnpgessarilysfto scale and dhe
nodul e of the present invention; and Fig. 5is a
power / ¢ proponiiana tof certaireparts miayibaps kaen exaggenatedito betfer iiustratedetailssnd Gatpreeefdhend
w2 5invmtion. The drawings are only for the purpose of illustrating preferred and alternative examples of
15 how the invention can be made and used and is not to be construed as 'Iimiﬁng the invention to only
the illus_ﬁated and described examples. The various édvantages and features of thé present invention
will be apparent from a consideration of the dr;awings in which: -
Fig. 1 is a schematic of a power/communications distribuﬁon of the present invention;
Fig. 2 is a schematic of a photonic distribution unit of the present invention;
20 | . Fig. 3is a ﬁower/conimunication netwo;k implemented with a pluralﬁy of photonic
distribution units; |
Fig. 4 is a schematic of a station module of the present invention; and

Fig. 5 is a power/communication network implementéd with a first and a second head-end
25
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PGT/ US98/ 01015 . o  Descriptionorghe
Preferred Enbodi nent - The present inventions wll be

described by referring to drawi ngs show ng and_descri bi ng

' exanpl es of how the inventpmﬂi’gﬂoﬁéhﬁﬁ'ifgemméﬂ!mﬁ these drawi ng, the
" sane reference characters are used throughout the several views
to indicate | The pseseatinventionhwithbe deseribed by ferring to drawings shawing gnd describipg e
1, shown is an integrated communicati on and power distribution unit 100.

- Di stri butkamplesiof ho®w0hé investions rean rbei made angt usedd - Indthesecdrawingcthei some rofernce

- transformer portion 200 and an optical comruni cations portion

~ 300. characters are used thRmghouttthesevéral views wpdndicae 0@ cosrespanding paniso| t age
encl osure 202. Contained within the high - _ vol tage encl osure 202 is
a cgnvent i onalRefpivgito Figard{ showmniis aidtefmtedvomnnmication didpjowes tisaibatigrouwit 1000
10 househol d needs. El ectrically connected to power

transf or PRgrviRfdntunit 100 hadh BbvéRtidnabrotid-danted elkbtricdl 'powerMansformer portion 200
I ntegrated three-phase power/optic-fiber cables 206 and 208, respectively,

such as sSEorticildotmfthidalions portion 300Y. S Patent No. 5,274,725, issued
Decerrber%kg, %@93, to Jack Bogttoms, Jr., et al., wherein the fiber-

- optic cables %{ga,leﬁmﬂﬁ'&.tgr&lrg&k B0 i aﬁgﬁﬂf&ﬁﬂ&cﬁgﬁ%zpbm mﬁﬂé‘ﬁi&ﬁed

| i nes or groun I nes. | shou al so"be noted that separate fiber

optic ca JE‘%F% %ﬁ‘%ﬁfé F%8% £ Qﬂd&ﬁ&ﬁl r#c{vﬁeg ﬁ?ﬂ%&nﬁé 305 FFRofNerftipMish voltage poyver to

cable ins as Is known | ustr
cahl.e 20 rovi.des, power input with power cables 206a, 206b, and 206c,
acghrdi ng?'%,‘"‘(‘)‘;id“““s- froma powerline or other ground transforner. Al so

' [ di i but i [ | 00 j . i .
TR TR NI A SU— 7 S
OB e ot S A i, L et B

net wor ks, CQut put _cabl e 208 has_correspondi ng poyer cables 2Q8a, 208pb, .and
208¢ 1 or Ui Balgohie S.274,755, g Ressmbar A 1o 0A Dok Hoomcits GLalo phpE b Gher
cabl es 208d and 208e, 1t should be noted that the _transmt _and

recei ve 6Biisicablesarnembeddedpiithinthe eanduetorsaf the nrimary keltagp, feed lipggsr ground lines. It

I mpl enenti ng bi - directional signaling techniques, as is well
knddn i nshqugi slspibesnated that separate fiber optic cable can be layered in the trench at the time of power

cable installation, as is known in the industry.

Input cable 206 provides power input with powér cables 206; 206b, and 206¢, accordingly,
from a power line or other ground transformer. Also input into distribution unit 100 are transmit and
receive optic-fiber cables 2064, and 206¢. Output cable 208 provides a link for connection to another

- 20 distribution units or for closing the distribution path by terminating a head end used for home area
networks. Output cable 208 has corresponding power cables 2082, 208b, and 208¢ for the power
phases and transmit and receive optic-fiber cables 2084 and 208e. It should be noted that thé
transmit and receive éables_ can be combined iﬁto a unitary fiber-optic cable implementing bi-
directional signaling techniques, as is well knéwn in the industry,

25 The optic-fiber cables 206d, 206g, 208d, and 208e can route integrated communications data

signals. As an example, an integrated signal can contain data from an external communications data
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25 The optic-fiber cables 206d, 206e; 208d, and 208e can route

I Nt egr at ewagsBsa cati ons data signals. As an exanple, .an . '

i ntegrated signal can contain data from an external commnITgﬁT’Il@ﬁ%’oWHa
WD 98/ 35249 :
PCT/ US98/ 01015 network that has a plurality of asynchronous and

synchr ornstwonksthat kpstaplyeality widasymeheonous, ard gynchronous user datahandwidth Sigoeats or
channel s contain tel evision programm ng data, direct space TV data (Ka

Band, C-channels. These hanui¢ls conthitStelzyisibn, programming dega, directispacs AV data (Ka Bamd) i@ ny

service data, including PSTN, from back- ' haul service providers
or wor | dBantlchnd ScBamd)) exdio programimirig/datdand tdlephong kerpice dyta Sncluding PSTN Afror ibadle
5 external to the resulting network or between network subscribers

(Fi g. 3)bau¥serviteeprovidesios wosld dvidiecomriiunications networks. ‘TheRephoryervidesdati daide a
residential or business |ocation that can subscribe to use the power and

dat$i  extemnal to i ﬁ@ﬂet%rl&&%eiv?e{eﬁﬁéﬁ&oﬂ@'mﬁﬂs&lﬂebﬁ}ﬂé.?. Adhb tebds @%&n

conmuni cations signals are typically mul t1 pl exed together at a

I
COMMUNI G4hiRRMheRe:8 Gt q réshientidl SFHIRS 10atiH Mar LlPsuBRlrng 16 b poneh Bhtp,

frequenci es provide e signal S greater n-or equ

Such b i . SRR . | di.stri ' f .

Const tRSHAd by i itom R Aelthrioh YNGR heee i bt 'sphhns e ity

i mul t . I . SSi .
compr codaelpondit o € SRR HRRL SR wERERMR orbl PR 3BE Bor, ppical
The hi . . | | t cat | |,
302 ar o Heaaedpraids R Kegal HuBRBiahnIrrall 50 of ¥l BT RRE B ©
t th h I | ity .of.volt | ti 15 t 6.
T ugh PR K sty s et Byion 25 o855 b nBr ey ign chanhesy Topemavadh) s
anit ogmtensly flEVs iFeDE i Gresepl, Compuer TansRifSOBh| ComBER, Hdean
be in free-space transm ssions formor in wave-guide (fiberoptic) fornms. A
sui t abl &onEESPeng and etherflata tnsmissians. SC dupl ex adapter avail abl e from Anp,

Inc. Simlarly, distribution output fiber-optic cables 208d and
208e are photldi igh-voltage enelesusel 202 apd dheolov:veltage cpipmunisationsi enclogioe 3pQ are
at out put_ photonic connector 310. Phot oni ¢ distribution

uni t 30@rolgted fmm esgh pthen by bulkthead 304s Fxtanding tirerethrpughnane @lplurality o6 voltige isolation
314. Control circuit 314 denultiplexes controller commands sent froma
cddmuni comeears 366 dThrough the isolgtion ¢opnectars 306 disteinition iriputfilsarioptic eabiesf206d mbdns,
servi ce hookup and di scontinuance, as well as fault i sol ati on.
Si m | ar R96gareghdtonipalisotanaemtedoto phbignicalistdlution it 300 at inpat phiotoiicsemnedor 308ENt
may 25 automatically initiate isolation upon prem ses equi pnent
f ai | ur e Ph@lohicgpattivedys tarbies ia e Spave tlafsmissiéns form or in wave-guide (fiberoptic) forms. A
suitable isolation connector is an SC duplex adapter available from Amp, Inc. Similarly, distribution
output ﬁber-opﬁc cables 208d and 208¢ are photonically connected to.photonic distribution unit 300
20 at output photonic connector 310.
Photonic distribution unit 300 has an optical switch assembly 312 and switch control circuit
314. Control circuit 314 demultiplexes controller commands sent from a community head-end
station 104 for performing self-test functions, service hookup and discontinuance, as well as fault
isolation. Similarly a holding voltage or digital command from the premises equipment may
25 automatically initiate isolation upon premises equipment failure. - Subscriber fiberoptic cables 336

extend from photonic distribution unit 300 through voltage isolation connectors 306 in bulkhead 304.
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extend from photonic distribution unit 300 through voltage isolation

connect or swoda/sszobul khead 304. : CT,
S WD 98/ 35249 | PCL/USS8/01015
PCT/ US98/ 01015 The nunber of fiberoptic cables 336 nunber from

1 through.n-1, where n js the nunber of scri ber . .- hodes for,

~ provi di nghg aymeber of fibereptic sables 36 8 ?rcfé‘g'.‘ig‘ﬂg%br?‘ge‘f’h??Bé?%b??‘&ggé’zﬁ%c%%

L are reconbi ned with subscrjber power cables 210, and extend from
| hi gh- vol mades &rcprayiding power/qoramunications serviges. g SubscHbesofiaroptis sables 386 o#re

i cables are installed, typically underground, to a subscriber node S[err],
5 S[ eecombima] with sabscobeytposier cablles 210, and extend from highfveltage snelpserg 202 The
shown is a block schematic of control circuit 314 and switch assenbly

312. Swi timbpratedpovir/zommsenieatiohs cables age instaltedptyhigallywndérgtoundto @ sibsotibermode S,
Sw tches 316. Ml ti node fiberoptic switches are fully reversing
optigal kymss, thivupkBgs used to insert or bypass stations in fiber

ring networks. In response to node, individual switch, failures, the switch

reverts to th_elléﬁ.’ﬂﬁ?&o Fig2 Eshowh(s a bldck 8ERRIALS b6l Sifcu SR switbieasérhbly A
suitable multinode Tiberoptic switch is disclosed in U.S. Pat ent

NO. 4, 834 348 Bswirchssehblyhis 391@%&%;@-3?&% Smﬁao&ﬁﬁberbg& Sihitchied 3F6|.it_ri«ammbhe

which is I nCor por at e erence herein. comerci a

enbodi ne : i ' b G S . . i
w&% af@lﬁfyoxiebéiﬁﬁg g#ﬁ&l slc's tches used to insert of YiasE&thtfonk irPfBer

D: Con Fi b ( nc., Ber ey, ornia. Switches 316 are

Swi tch ﬁ?géé%%l Zﬁzrer °nﬁaw£%3h§2ﬁl%ﬁ$ﬁ‘#§%§%§@%hw%ﬁ%%
i v . . " Tx" it i . .

Lﬁf@g 2 eérg%g”srfﬁﬁg n%ﬁﬁwg?%la? "B iie E%ﬂg%fg&‘%b%ﬁep%?% %a@f&%“%% Oifs

o B AR BE BRENET A7 Ao H e e o Bf £ YpE

S0l at | o ROBMIPER RS ey e SR ts Hytnogs Bherbpf raid s,

command instyruction.fraoama community central jzed head-end control|l .. For a
series avalable ﬁ%ml'g%"wflﬂ?é’l In%tf%é;qﬁg?ri% myia \pWitches 31 6.are pleptricallyzdriven

i sol ation capability is inportant for, Mai nfai ni ng system |

rel i abi | selgnoi pptical awitohes. cRach switch:bas)an ‘T tegmaimal 326, amh 5!4’5” terminal 328,
communi cat i ons encl osure. Plural ity .of swtches

3165%r e ar'Rxn s degeivetermingl330, andhmTEX” or wpnsmitctenminali332¢ Hashaulld be noted that as
technology evolves, semiconductor-actuated switches can be used in place of these solenoid-actuated

optical switches.
Also, fiber optic switches 316 isolate failed subscﬁber equipment or set-top boxes because
sgrvice is not provided to that premises. Isolation control can be accomplished _through a holding
20 voltage or command instruction from a community centralized head-end controller. For a series
connected local area network (“LAN™) type system, such isolation capability is important for
maintaining system reiiability. Alternative architectures could be used within the communications
enclosure. -
. Plurality of switches 316 are arranged in a primary channel A and secondary channel B fiber
25 optiq loops 318g and 318b, respecﬁvely; Each group of two-by—twd switches 316 (e.g., SW1A and

SW1B) are electrically connected in parallel, which provides a network controller the capability to
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25 optic |l oops 318a and 318b, respectively. Each group of two-by-two

sw tches 3%6 9885849, SWLA and SWIB) are electricall t i h
paral l el, which provides a network controller the capabili té’cﬁﬁﬁg}%uﬁg

-7- WD 98/ 35249 '

PCT/ US98/ 01015 either selectively isolate or connect individual

subscr i beithert selactively isolatedx eonnegt ndividpal subscgibers to the communigations netwiork. c Bpr -
switches SWLA and SWB provide communi cations services to one subscriber.
Thus, i nekdmplaraftealrswitchesiRWi Aent SWEHR provideseamirhenications Sepvicesftop lvae spbscuber.

i cables going to it, providing an incom ng data entrance 330a, an

i ncom ng THa¢, an tsipreferétbembiudimert gatingnbsaiter kast foanfiterdtdio bablesigainy to if) providing
outgoi ng data exit 332b. The enbodinent illustrated in Fig. 2 provides

© COMUNI Caghj i trast@ B30z, an incomingf ddta @it 332a%in JuidirldataCentrimie 336b aiid dn

- connecti ons

- uses.

through S[err]. "The fiberoptic cables are combined w th househol d power
L1 ngs 219;.%&%&5%@33@5! Thé B85Skt IRARMBS in KB 0'rovidedddthmunicatifnd dofhéctions
i nstallatli on expenses. It is believed that in the future only two

P MBrY. el flt teh sOREAbeNON, dirolEh S2CRE b Abprid abied s ChinBiied with household power

I rectiona C‘S’mrunl catl ons, owng termnation o

dark o HePANG'aaH slaANG febihmsic chfled N Sh 851 1 Al el LErcl> o b

crrcu ) onrca
connect e 0 transumi d_receive f.iber i I 208d._an
2080, - r oDBRER AR e A S N arimAS) Pl BBAS bl be peetea el RECBEer o
circuit . refgrabl y. has a.m.crocent.roll er. .whi I s gener al a
one- chi pePmegims fdwey i Gy S torSinicl of gk Gt sASHRRoRed S o
su as program and a,.nenmory, .ports, and rel ated sub-systens. A
i Eltbopr O%&ggncom%@%yﬂ@gﬁs%éq}gws,esbut such devices are used to drive
general - pur pose .conmput er.s., Switch control circuit 314 is als
phot oni cal | y - SisReqogrgl ?‘E?“FP%?M%%@&@EB?W‘MWBW%YH ToRtig §aieRy
206e, respectively, through channel B, fjber ogt ic | oop 318b., As
shown i n2f8dy and ,20§s,r@§nepﬂ@bséhapﬂb\ﬁgmpalré4 fibgroptic loop 318a.c G¥wifch| congpl circuit
redundancy. These signal transm ssions are converted fromthe optical
pr opagat Psferablydias a microcontrolles, whish i geaerally: a jonerelip injegrated systeartypisalbUhpving a
optical receivers or detectors 320a and 320b, as is well 20 known in
t he i ndupenipherabfaabiresstichnas programiaad datazmemoryportsy anddelgted sub-systemss dgmisrpzo-or
i nstructions segnents that are assigned to the switch controller
3235 Thecebsogpi ¢anlbedwedy betspeh devicazrage uset te dtivgigemetahpurpose computbes. eSwikchcontrol
firmvare nodul es 324a and 324b, respectively. The renai ning signal data
flow i s circuit 314 isialso phoenically donnertedp transrhit pricdreagjod fiberosticgrables 2@Gicartd B06e,g h
optical transmtters or |aser diodes 32 and _
respectively, through channel B fiberoptic loop 318b. As shown in Fig. 2, circuit 3182 allows parallel
control for redundancy. These signal t_ransmissions are converted from the optical propagation mode
to the electrical propagation mode through optical receivers or detectors 320z and 320D, as is well
20 known in the industry. Combined within the data signal are digital data segments or instructions
segments that are assigned to the switch controller 322. The digital data segments are extracted with
detection firmware modules 324a and 324b, respectively. The remaining signal data flow is
reconverted to an optical propagation signal mode through optical transmitters or laser diodes 32 and
the signal stream in input into the optical switch assembly.
25 Referring to Fig. 3, shown is a spoked-type network configuration with integrated communi-

cation/power distribution units 100, 100’ and 100” distributing household powé.r and communica-
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- A circui

the signal streamin input into the optical switch assenbly. 25

Referring wo dgiag2493, shown is a spok'ed type network configurf%,@g (¢ :
i Nt egrated conmmuni - cation/power distribution units 9%8& and

100" dlstrlbutlng househol d power and connunlca-_
- 8- WO 98/ 35249
PCT/ USO8 tions data to subscribers S; firongh Sia$ia tirgugh Sy @fsyshr T I mpmgﬂy sMore

. S[err]" through S[err]', and S[err]" through Slerr]", respectively. Mre

" di st ri budistributivint gnisOLOC: gan be similarlyaempl to prayideoneswork gepabilition ity 2 larger
capabilities to a |arger geographi c area or |arger subscription
| need. Forgesgrapti¢ srea dhlargensibsaription neml Fouclatity, thh cableszue set nuhipetheir base number.
| For exanple, cable 206 is understood to have cabl e conponents 206[err],

' 206b, 206er exdiifle, cablé 208 @anderstood to have cable Ednippnents 20620 266ty 206, 206d) and 286ea
serial interconnect for a electrical power transformer for a

plursal ity of %b@F T 3/$howiids b QérEl irterdo@ctor Bielectrital S Gfanéformeri for a

either a residenti busi ness | ocation seeking to use the

~ power angl.gﬁg?op MDVriRe, s théRnhi &30 AbRE, H"‘Mbsérﬁﬂr”ﬁ&tﬂé?'aﬁ‘eﬁ&%ﬁalto?%ﬁﬁnéﬁ a

~circuit 19. The optical "circuits can be multi-node or

| '[Sihgg:sﬁijscgg% ﬁ a dé EPPBut T ddatgnge%ed\/&ytth@ﬁx % Eﬁ;l nez 1%? #%er/ p](c)vver |
gﬁgtelrl grg I t&g%‘geg?ggﬁgﬁ prow e%ﬁ e set B?Bﬁélg'ox or sta a?i ad
E‘éb‘#uiry' 29, 1 Sﬁ#ﬁz‘*ﬁ”égfﬁﬁ ié*%%oﬁbaew% dﬂmﬁ?@ defiit 3165 S s%e
renc§h re| n. The LStL &lt'on evi rovi des t Oﬁwg i
&/Rogyer papel archs ‘“‘B”E R ?&“@% éﬁfy‘é‘ﬂ dﬁﬁ&’“ﬁ%
be cgfgé -3.0r c or i - cabl ed,.l rough_th '
subscri bgP e If POV eﬁgy ﬂ?"h?ﬁt {’fﬁﬁ Iﬁuﬂ'@ dﬁ?@%@‘é@ ?{)%' AREr}*“P‘F&oﬁ?'BEN

75 OBt ot B T AT e Ul 5 ST e

illustration of a set-top hox, or station nodul e 400, Wmch has |i near -
di r ect i ofeferep emLE'ﬂw)d?wmoa &irvitce PRavades yoar @WP%?%W%?MM
downst r eam channel and data insertion _into an upstream channel .
The LBL heme mmhréwwwwovd be sategary-A §r calerary-8 mylti-pair cable jaoped s
404 and 406 to photonic distribution unit 300 through transmt termnals
3324 andtBeugh the subscriber’srdogyincior individuaklive date aervnwidtion. dbtreutputgoaxiahrehie t
termnals 402 and 408 to receive termnals 330b and 330a,

respect i teldvjsion dblannel connectiops aalsapdovided frhmh thedismibutiop deviemn' or recei ve
pat hway dat a flow LBL termnals 404 and 408 define a "downstreant
or trans m t pan Rigody skikvwreis b illustrafion of a set-top box or station module 400, which has linear bi-
directional link (“LLBL") wiﬂl'demultiple:dng and data extraction from a downstream channel and
data insertion into an upstream channel. The LBL is formed through photonically connecting receive
20 terminals 404 and 406 to photonic distribution unit 300 through transmit terminals 332a and 332b,
respectively, and photonically connecting transmit termmals 402 and 408 t§ receive terminals 330b
and 330a, respectively. LBL terminals 402 and 404 define an “upstream” or receive pathway data
flow. LBL terminals 404 and 408 define a “downstream™ or transmit pathway data flow. The
photonic signals are converted mto electrical representations or vice versa through optical detectors or

25 receivers 410,
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photonic signals are converted into electrical representations or vice
versa thr g%gﬁgl cal detectors or 25 recei vers 410. :
\ViD 98/ 352 _ PCT/ US98/ 01015 - RGHUSIBI@P 1 | on
can be acconplished through insertion nodule 412 which synchronous :
denul ti pl exi ng and re-mnul tipl exing using hi gh-speed denul tipl exer and

mul ti pl exer iDdtgghiseitiofl can be accomplishedi theough findettionofodiile 1442 swhish kyhchronous
G ga-bits-per-second data rate tinme-division multiplexing ("TDM).

A sui tahhﬂuﬁiz | @idexemultipleingi wiip highipedd Sniltisiechr dmdumiltiplerereintegrated) as
a HDVP1014. .suitable nmultiplexer is also a Fiber Channel Standard

mul ti pl Q&lits ShFABleAT aflehHA 1O e RS ipbr-second data rafMithd-aRisRn nislilexing (“TDM™).
Hew et t - Packard. The insertegégata i s then channel ed througﬁ%a 8

gat ed- my Eﬁi@gg&ém&ﬂi exer is a Fiber Ganhél Sthrddafil dénitiifplloldf, S4B la§ @MIDNA1014.| Q.
Al ternative wth

T standard chi p-sets can al so be used, -m nor
are - vandl olRCIABEY B0 Wiine aflard oAy Sinl 804 TR RL 2 30k | o
of "2 dapuetebl BofTictileie flud Wodered dup s I aAIed oickbh 4 gl lpiiidf o
proscr Do Rrie e e Shefem il fiow: ARkl NN R0 d ool e 080 by wend
ot 1 act MR AR Gt Fe and cocgurafon changeh . QU BB oY GRASPIY LR PROFPL A7
Tel ephopplementoldly SREHoNASAabeiSl BHBIFERE (HHegrh i SHOB BOBH (oleet an sndofo,
integration into the upstream data flow through gated-nultiplexer

4110, Thanessase CEOM) sedectiths end of sdatasstrpemiang jappends the insertion data ogtotheend ofithes )

channel, but can be increased to two or three simlar channels as the
demands last message packet, or ag seymchioneusctransmission durst withinnrescribed time slots haying a
dynam cally allocated by the head-end 104. As an exanpl e, about 2
Mops t o syklmonizaBiolppeamble forreachiupstredm buwst. Jaata betragtiorois similarly aceemplished diyrnughe
20 conversations. Specific tel ephone conversations starting wll be
al | ocat extrdctiommpdeletdlén i n t he data frane at the start of the
t el ephone call by the head-end 104 and that position in the data frane
woul d The extrazted dataindelivexdd tontarious haits dr pbrpsush es g teldvision, tetephomesir sl
User data, conveyed through data |ines 418 and 420, consists of tel ephony,
pexss onalike; orgheph6iiy or other such dhed ie corveyed thrvingh ihsértior modile 412 forimegrationdrto dired
control, fire and intrusion alarm etc. Futuristic hone
upstream data flow through gated-multiplexer 414. The user data streams are 62.5 Mega-bits-per-
second (Mbps) channel, but can be increaéed to two or three similar channels as the demands of the
users increases. The user data bit stream is dynamically allocated by'the head-end 104. As an
example, about 2 Mbps to about 5 Mbps of the data frame can be allocated toward telephone
20 | conversations. Speciﬁc telephone conversations starting will be allocated to a position in the data
frame at the start of the telephone call by the head-end 104 and that position in the data frame would
remain allocated until that telephone call is terminated. |
User data, conveyed through data lines 418 and 420, consists of telephony, personal computer
data, aux1hary data for home maintenance and control, fire and intrusion alarm, etc. Futuristic home
25 video conferencing equipment allowing total office immersion of stay-at-home workers could be

supported. The bandwidth availability can readily accommodate data transmissions common today.
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25 vi deo conferencing equi pnent allow ng total office imrersion of

stay- at - howe 9gBsk@r s coul d be supported. The bandw

avai lability can.readily accommpdate data transm ssions com&ﬂ!’fs%%i}?‘s

-10- WD 98/ 35249 _ :
PCT/ US98/ 01015 For exanple, tel ephone service can be acconplished

t 6 about Feoexamplestelephone seryice pan kesaccomplished ut 500 subscribersiyvidnjess than 3Mbpsdt h
" hungry technol ogi es such as real -tine video conferencing, can require

t hr oughp Eosveserp rtmadwidtly hangry otechnologies f such cas- teial-imp evideoe conferenging,i cant reghire

al l ocation of 125 Mops for the residences in the network is

. suffi ci entirolighputs apprsaching adwagnitidernd Giiga-bits-fienraecondr Ahunitialalloction of kK25avibps fob

- in the industry, the comunications interface electronics in the subscriber.

r esi denc gheiedidendes in/the network is safipiemdbNfimire bandwidth aeedidh thenesmfature. As is known
Referring to Fig. 5 shown is a linear topol ogy that has one or nore

head: endgn Q4 8das, the communik@idns ifteiBcePdleétichitsdih the REbsefier fesidencdowill v

downstream path for distribution of the incom ng head-end signal s

and the ldg%gﬁg%g@%&p&a@ml ation of the outgoing head-end signals.

Two head- t opol ogy accounts for signal-point failure

auto-correcti %Lferﬁn*@ & fi3' 5?&15%']5 hqmgﬁ:}gﬁaggg, Mt 7BVl S More he?dﬁorq? ITOQE afl@t @

flow in one side eaclt part of the n-segment of the ne

what an. 108! Phls BRGRAbAT lsct B a30RH el AT MBI RS frcllbnelithiead
id I ' . d

orovt 92 onh 64 AR nFE PR Rl Bl et b Sy Bt

O e B o s B, S 8B PR

OF e PRl RPh 50 s PL TR HE b i LS bl o 01 0 19

The description and figures of the specific examples _abov§ do not point out what an
infringement of this invention would be, but are to provide at least one explanation of how to make
and use the invention. Numerous modifications and variations of the preferred embodiments can be

15  made without departing from the scope and spirit of the invention. Thus, the Jimits of the invention

and the bounds of the patent protection are measured by and defined in the following claims.
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PCT/ US98, - Loy scri bed the invent isis
cl ai med iv@&%?sus mm \M“)mm\ml stribution appar SFE@S or a hone .
area network having a pl u¥ LOlm s * subscribers, the apparatus

conpri si ng: an optical transm ssion nmedi um having at | east

‘one transnit and one receive pathway, _ said optical transm ssion

medi um for conyeyi ng a.comuni cat.i ons data .signal containing a 5
plurality of dtasAng Grseribed e dpvention grhag H’Fg;‘ﬁ a

m crocontroller circuit having a photonic interface converting optical
transm ssion 1. A phatonin distabutiancappastgmnfdr a heme aressneswork haviag aeplunality off
for culling said distribution instruction segnents from said

el ectri cabsehoda! the appAahS ToMprising: a communi cations routing
circuit responsive to a distributton instruction fromsaid 10 .

m crocontroller citcuit, said roudting .circuit having a plurality of

fi ber opti c_svidh@pusalitransmissionneslivm Bevins af eath gnE S A Ok decdye pabpay.
wherein a first fiberoptic switch of said plurality of fiberoptic
swi t ches s&id opsicali wpnsmissigmingdiunpfastepnveing ¢ eootmericatipns dlata signa reonfaiwiag e
pat hway, and a last fiberoptic switch of said plurality of fiberoptic

swi t ches pliagirddf dittribiition instructién Sdgamintsphot oni cal |y connected to said
transmt pat hway. WO 98/ 35249

PCT/ US98/ 01015 _. — . i LSt € tus
3 CFO"‘(?SFFBPF% Flﬁcém havu& a phom RbekRE &nggﬁgécééﬁghggﬁgxgﬁoﬂ

of daim1l furt'ﬂle

transm ssi on nedium havi ng at | east one transmit apnd one feceive . .
to an electrical signal trgnsnussmn, and an extractor %r cuemng saxs sttn"bunon instruction

segments from said electrical signal transmission; -
a communications routing circui;r.res?onsive to a 'distﬁBution instruction from said
10  microcontroller circuit, said routing circuit having a plurality of fiberoptic switches in
fiberoptic communication with one another, wherein a first fiberoptic switch of said plurality
of fiberoptic switchés ‘has an input terminal photbnically connected to said one receive
pathway, and a last ﬁberopﬁc switch of said plurality of fiberoptic switches has an output

terminal photonically connected to said transmit pathway.

-12-



pat hway, said second opti cal n medi um for redundantly conveying
sai d com"nwmmsi@ns rlrE t al ning a plura :
di stribution instruction seg WB Hﬂm II m" i’é-i‘lh??lﬁ;s,“el(‘?%)5 d .
comuni cations routing circuit responsi ve to said distri but ion instruction
fromsaid mcrocontroller circuit, said second routing circuit having a
second plural2ty oﬁﬁM%ﬁF@bWOﬂappmﬂfFM§ f}‘ﬁhqucﬁ’é‘l’ﬁiﬁgc

conmmruni cation with one another, wherein a first fiberoptic switch of said
second plurality oasemmpwmmmmema@lmngmmmnmﬁmq y
connected to said one recei ve pathway, and a last fiberoptic

SWi t ch Gfatifdyglsdid secohd bpticaf tririshissiop medivmfdrsedmdimtly conveying;said compunications

term nal photonically connected to said transmt pathway.

3. ThiutddigHa0birftaistng b piuality o distrifution inssrucionGegments, anter ei n said first and
sai d second optical transm ssion nmediuns are fiberoptic cable.

4. s The phot oni ¢, gbduntlicomimhitatichs Fowtingciretit fésporisive tvssid diseritsution irfstrastionand
said second optical transm ssi on medi uns are enmbedded in an

el ect ri GlmGal MichRbhtslleR citbuit] ?dxd §é(:oﬂ{ tifdu@Having a second pREAIRY of fiberoptic

conductors. he phot oni c dlstrlbutlon appar atus of

Caim4 Juihleh Mﬂc%ﬂﬂnumcaﬂon with h que another wherein adfirSt Stbkroptict s%ﬁﬁh of said

encl osur'e; vv-vo tage encl osure, said

(r:no(r:][ 2?22%5? rfi gfg“%ﬁif of h&er??lgc &9&&1 W Bﬁf %ﬂﬁ@al photonically 'cBitiecfed tS's'éfguéﬂe

OW- VO osure
fr St or R ; Y@iﬁ,‘”?ﬁw%%ﬁ s{f %ﬂo Ivé+r§m§ ?yﬁ%&@?‘%@i*ﬁ%ﬁéﬁa‘d
ggféiggltors .0 ai %&ectrlﬁgtﬁﬁﬁ‘fi FP@E e and sai irst and secon

-13- WD 98/ 35249 - PCT/ US98/ 01015

6. The phot onic distribution apparatus of Claimb5 further conpri si ng

a second optical transm ssjon nedi um havi ng a} | east aqne transmt onrae
recei ve 3. The photonic distribution apparatus of Claim 1 wherein said and said sec

optical transmission mediums are fiberoptic cable.

4 The photonic distribution apparatus of Claim 1 wherein said first and said second
optical transmission mediums are embedded in an electrical cable having a plurality of 'e}ectrical

power conductors.

- 5. The photonic distribution apparatus of Claim 4 further comprising:
ahigl;-voltage enclosure; |
~ a low-voltage enclosure, said microcontroller circuit and éaid communications
routing circuit contained. in said low-voltage e closure; and
5 a high-voltage transformer contained within said high-voltz.age enclosure, said
mfo@a electrically connected to said plurality of electrical power conductors of said electrical

cable and said first and second optical transmission mediums photonically.
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pat hway, said second optical~transm ssion medi um for redundantly conveying

ATt oot e ree i on seor NIRRT ™ " 2 PV *cnpSbmpne

. communi cations routing circuit*respénstve’to® said distribution instruction

|

fromsaid mcrocontroller circuit, said second routing circuit having a
second plural iy of%ﬂh@@&dl@buuonappmom furthereamapsising: conmuni cat i on
wi th one another, wherein a first fiberoptic switch of said second
plurality of fi ber apsecond opticahteansiission mediym baving atileast oneltransmit aad bye receive
connected to said one recei ve pathway, and a last fiberoptic switch

- of said [pathiwilyj sajd seborid dpticalitansmissiont misdinmhfas redondantiycinveyiny said ¢omminiedtions

photoni cally connected to said transmt pathway.

-14- data signal containing a pMarafiy/cd diébution instruction sdgcehisg 01015
7. A subscriber area network for distributing data from an external

ggrmerlms fﬁt i ons dat & second commiisitaioh routig ciRélliSrespoRsive @ Saill diStiib@tida instruction
" f?om said microcontroller circuit, said second routmg circuit having a second plurality of fiberoptic
switches in fiberoptic communication with one another, wherein a first fiberoptic switch of said

second plurality of fiberoptic switches has an input terminal photonically connected to said one

receive pathway, ‘and a last fiberoptic switch of said plurality of fiberoptic switches has an output

10 terminal photonically connected to said transmit pathway. -
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. a head-end communications circuit for formatting a plurality of

conmmuni caty net wor- ’1 “Eﬂlﬂl to a nultiplexed data signal
tfansnitt;vgﬁg %ﬁr_(’)ugh a phot@nmﬂmmj iy I!“ 5 channdfCHERA8/3015
downstream channel and an upstream channel,” said head-end conmuni cations -

, circuit ‘having a bidirectional interface electrically connectable to the

- eXternal commmi cat Aeutscritiet srea network for distributing datn drohnarsexteiing) bomArunications data
mul ti-access channel ; at | east one comuni cations routing
circuit indtwirk tBé Qibsrite At Aetoik comphsing: sai d head- end
comuni cations circuit through said nulti-access channel, each said routing

Circuit having 10 5 headlend &édnta@iiédiiohd ircuit fof Fbimatfirigha PhirRIRY OF icEminfiinRhiics e

. for converting an optical transm ssion to a correspondi ng

- el ectri cgldy bt AR oS AicpRREI difa Sal Rah@Mindié trbiigh! dishoforfit ffuli-fidbdsOn

- instruct ?Jon rﬁ@@ém segnent Plrgm sal rrgﬂii pl exed dat a sidg;é\hal, sl}}l{cﬁi s
i erocont . . C : I : C . q

£ o7 grebftuef bafing S idurabedh iahot 08 o wlfitde Miadl, 3eid hoadsend Bt

- data sign subscriber termn aving a
downstre el i o . ' ; _ .
at " east CURUTR p-dirsgionet ifBfod RectB BAHLBHE b B exiitt sdimupicariops data
term nal anpd ... sal d. downstream ter,m nal of a subscriber term nal of
sai d pl uPﬁﬁ%“b‘Wéa‘Sﬁ‘Pmrm T‘ﬁ?eﬁ%%.me]’ . The

subscri ber area netwqu of Claim.,7 wherein sai
at

8
d at, ting,, .
Sireuit has £, Oy SPRTYRIGHOPS FOEE e f DIHEG cAPPBEALRR Pith said

comruni cation with one another, wherejn g _first fiberoptjc_swtch
of said m&qommwg@%mthr@wiﬁeﬂ ol gecesschanprly eaclsaid FRpting Rsguithaying | v
connect ed to said downstream channel, and a last fiberoptic switch

of Hhid 8 micspgoniroligr ¢ircwit, with pcphotanic: interface for, gonwerting any aptingl transmission to a

photoni cal |y connected to said upstream channel.

-15- corresponding electrical signal transmission, and an extractor for culling a distribution instruction
segment from said multiplexed data signal, said microcontroller circuit bi-directionally routing said
multiplexed data signal through a plurality of subscriber terminals each having a downstream terminal
and an upstream terminal; and

15 at least one station module photonically connectable to said upstream terminal and

said downstream terminal of a subscriber terminal of said plurality of subscriber terminals.

8.  The subscriber area network of Claim 7 wherein said at least one routing circuit has
a plurality of fiberoptic switches in fiberoptic communication with one another, wherein a first
fiberoptic switch of said plurality of ﬁb:eroptic' switches has an input terminal photonically connected
to said downstream channel, and a last fiberoptic switch of said plurality of ﬁb.eroptic switches has an

5 output terminal photonically connected to said upstream channel.
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