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TRANSM TS AND RECEI VES DATA THROUGH FREE SPACE TECHNI CAL FI ELD AN 2603
The presentYP&HPon is rel ated generally to data conmuni cBETARI¥STens

and. in particular, to free space opticall data communication networks.
BACKGROUND OF THE | NVENTI ON Exi sting tel ecommuni cation systens

may be useful for providing traditional telecommunication services, but
generally are confined to relatively | ow speed, |ow capacity applications.

For exanpl e. st ajpdgr IE@WWICP\E@@&E?S#@MWA?*MI\FS%FFS%@@ of

approximately 60 kilobits per seco ps) per tel ephone 1 ne, well-known
| nt egrated Services Di giRBCEIWEMDKATA THROUGEIVIREE SRACIHe data rates up
to 128 Kbps, and Asymetrical Digital Subscriber Line (ADSL) services are
limted to eight nmegabits per second (Mps) data rates. Simlarly,

convent i onal iWtec-netMmorks can deliver data to end users at up to 15
30 Mops per Ts%@@ﬁ‘#f%‘, rg@qﬁ!?ocal Ml tipoint Distribution Services (LMDS)
appear to have an uppghel prgkéntahveR@it isf Rted @esbahy (81 @akidommeanicageand
(CGops) per two kmcell. These data rates, especially when divided between

mul ti pl e Jusepsiemsaod. rpartcelar.de fravsiphed eplenat ddtorcomamynigoden ncaypkscat i ons,
such as video tel econferencing and nultimedi a applications. 20Because a
typi cal personal conputer can transmt and receive data via Ethernet at

data rates ifphexeRso UMD O TMIps vipndrpangual s and busi nesses alike may find
attractive tel econmuni cation services that accommbdate those data rates.

For exanpl e, many custton®eing tedgcodesinieativrghysgesdndaba wefmufircaoivatingor
use with the I nter?et and the Wrld Wde Wb, high resol ution video 55
t el econf er enEWHIONH dEECRBMYBHGHIPN M‘r"@%*-rﬁj‘lltﬁcﬂeﬁﬂgébyﬁéoﬂ INgdt 10aFdFIEYRSY et c

Tt oo MRk, L RRRTY BRI S LemmBLOX (LA, KRB

system nst limeiedd ttbedstadearends’ whphaithately éashilabite prostccondlKBAN 223 WO

00/ 04660PCT/13§3119&1C51?§§ well-known Intcgrated Services Digital network (ISDN) services
provide data rates up to 128 Kbps. and Asymmetrical Digital Subscriber Line
(ADSL) services are limited to cight megabits per sccond (Mbps) data rates.
Similarly, conventional satellite networks can deliver data to end users at up to

15 30 Mbps per satellite, and Local Multipoint Distribution Services (LMDS)
appear to have an upper limit of about four to eight gigabits per second (Gbps)
per two km cell. Thesc data rates. especially when divided between multiple
users. soon prove to be insufticient for many modemn applications. such as video
teleconferencing and multimedia applications.

20 Because a typical personal computer can transmit and rcceive data
via Ethernet at data rates in excess of 100 Mbps, individuals and businesses alike
may find attractive telecommunication services that accommodate those data
rates. For example, many customers may desire high-speed data communication

for use with the Internet and the World Wide Web, high resolution video

™~
n

teleconferences, video telephony, large multi-gigabyte file transfers. etc. This
means that for telecommunication service providers to thrive in today’s globally
competitive environment, any futurc telecommunication system must mect these

demands without unreasonable costs.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Figure A is a block dj a‘]gr\feu:q\,T
of a communi cati on system suitable for inplenenting an enbodi nent. 1 A 2803
Figure | B W8 MWA&ometric view showi ng a side of the 5 comRamiUsSad/1em
system of Figure | A Figure 2 is a bl ock diagram of an
illustrative central network conponents for downlink transm ssion usi ng the
communi cation systemin Figure 1B. Figure 2Ais a flow
diagram of an illustrative central system 1Ocontroller transmt function.

Figure 3 is ﬁR%P%QWQﬁW@F‘Sﬂ{:@bﬁWX& er network downlink reception

conponents. lagramof' an illustrative

user system control | erFipiRnsANi§ afBIBCE dRTErark BT QUbmndkhitaticdn ki Quwnddiag@bpm of
an illustrative user syStemcontroller receive function. Fi gure

4 is a bl ocklodiaglkamnthg anlemisidisicnze central downlink signal processor

conponents. . Flgure 5 is a hlock diagramof illustrative
user downlink signal ’Iﬁg‘ﬂﬂcoc‘&sb‘r ROMpWRES . view  siowing ping §ide gOf sthe 1 ow
di agram og aL%erhHi%Bﬁ@ﬁ %j?’s‘?crg%wm% data transm ssion and reception

process. I gure I's @ block diagramof' illustrative user
network uplink transmiggiren2 cgnposieot sdiag@m auY &n 8illustrati bt aekird] agtasakof

illustrative central network uplink reception conponents. Fi gure
9 is a bl ockcunpRyeath oor idpwuéiﬂﬁattim@nbg@r\ UpinENKGicghEnUprobes syfstem in
conponents. Figure {B.
Figure 2A is a flow diagram of an illustrative central svstem
10 controller transmit function.
Figure 3 is a block diagram of illustrative user network downlink
reception components.
Figurc 3A is a flow diagram of an illustrative user system
controller transmit function.
15 Figure 3B is a flow diagram of an illustrative user system controller
receive function.
Figure 4 is a block diagram of illustrative central downlink signal
pProcessor components.
Figure 5 is a block diagram of illustrative user downlink signal
20 processor components.
Figure 6 is a flow diagram of an illustrative downlink data
transmission and reception process. |
Figure 7 is a block diagram of itlustrative user network uplink
transmission components.
25 Figure 8 is a block diagram of illustrative central network uplink
rcception components,
Figure 9 is a block diagram of illustrative user uplink signal
processor components.

Figure 10 is a block diagram of illustrative central network uplink

30 components.



Figure 10 is a block diagramof' illustrative central network uplirnk3 d8i 2533
JAN 2C23 WD 00/ 0- 1660PCT/ US99/ 15973 3 Figure 11 is a flow

di agr am of WahO(ldp0nk dat a transmi ssi on and recepti on proceskCT/USIV15973

Figure 12 illustrates a data packet suitable for use with the comunication
systemof Figure A Figure 13 ill ustrates an illustrative transm ssion

point with sectorization. Figure 14 illustrates exanpl es of
various suitable radiation patterns generated by the central transmt

antennas in the illustxative g n{qgl Hﬁt%\ﬁ)k § onent f,_Fi.gu ﬁ

. . 8 ST 3w B agi rdns il
10Figure 15 illustrat teFLaHE ﬁ |'us r] tives oréo%(rg gﬁ’f’,lml‘pﬁo uCéd é/st??‘ émd
scctorizati Q&L@tioﬁipgg&gs,la Figure 16 is a flowhart illustrating an
illustrative multicast process. Figure 17 shows an illustrative central
i nput / out put i nterfacd.igusFilgunléusi@téss aadblaophckittagunisrhls hioni wge anith the
alternative enbodi.nent of -

communication system of Figure [A.
5 Figure 13 illustrates an illustrative transmission point with

sectorization.

Figure 14 illustrates examples of various suitable radiation patterns
gencrated by the central transmit antennas in the illustrative central network
components of Figure 2.

10 Figure |5 illustrates an illustrative topography produced by the
scctorization of Figure 13.
Figure 16 is a f{lowchart illustrating an illustrative multicast
process.

Figure 17 shows an illustrative central input/output interface.

13 Figure 18 is a block diagram showing an alternative embodiment of
the communication system of Figures 1A and 1B.

[n the tigures. like reference numbers refer to similar elements. In

addition, the most significant digit in a reference number refers to a figure in

which that clement is first introduced (e.g.. an clement 204 is first introduced in

20 Figure 2).

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
A communication system, and in particular, a system and method
for optical communications in free space is described herein. In the following

description. numerous specific details. such as specific symbols and

8%
wh

relationships. specific methods of and structures for transmitting, receiving, and
processing high speed data. etc.. are set forth to provide a full understanding of
embodiments of the invention. Onc skilled in the relevant art. however, will
readily recognize that the invention can be practiced without one or more of the

specific details. or with other methods and structurcs. etc. In other instances,



t he communi cation systemof Figures 1 A and 1B. In the1 3 JAN 503
figures. like reference nunbers refer to simlar elenents. In addition, the
nost si gni FY@eMH6ai git in a reference nunber refers to a fiPGUruSIPMSIBI ch

that clenent is first introduced (e.g., an clenment 204 is first introduced

in 20Fi gure 2). DETAILED DESCRI PTI ON OF 4THE | LLUSTRATED EMBODI MENTS

A communi cation system and in particular, a systemand nethod for optical
comuni cations in free space i S descri bed herein. In the foll ow ng

descri ption, RUNErous spec such.as spegific s

rel ationshi ;&.)\ CHHE SVBP@E? gpecgf {a%%dargtl}ogcsthﬁ?v@sp’f ot ’ lgni‘{aoftoﬁﬁ&'gn

recei vi ng, qml(ﬁgm%@bpg]emrgboéﬁ@gg data. etc.. are set forth to provide a
| ul' I understandi ng of enbodi nents of the i nvention. One skilled in the

rel evant art, however Emtiddimeeadiil therieeayminzard datctchetoi syseamns.ometaodshe
practiced WIthOUt one or re.of the specific de ails w th othe

Tt hods. and?8d r iargeRRected cIcvittsodfiar ‘H%rtl‘éﬁcelélg‘ S bo PoAse e Ussn 15973
4 well - kQO}[NEor% [ AELARS tﬁfougﬂerﬁ%tc' %gl%aaﬁ?wpgt oRBO¥N fBrele %llgol@yﬁéﬂl

obscuring escription t he

the inventi Qﬂnﬁﬁ@/r@hd’t%ﬁt@dohﬂ\@w@tLeslffﬁ),nc@Ehﬁkﬂ@&\soﬁflmd(ﬂﬂﬁt@ﬂﬂm@@d@d @elvi ces
For networked, hig rlrBeed bi -directional data 5 comuni cation through free

space havi n§! S(b’nﬁe)%fﬂ (M NdbpehO (CGlipsy dhig sadeapriticd risgnaly tedlésrpipasy atittokascini ch

usc one or | aser s, ated wth ner ted g e

Gopsy data LRN ot Por EPE M LEh WrrohaREAE ST DR GRS
of the areasiafibhd. OVRE N INAE CABLY AlrtYinl RGahe GchiraiMs Ndalddeefisye/péativons.
The illum nated areas surrounding the cenfrally located transmt/receive 10

st at i ond Uens@trpasenanmepass Omore e rusopeptoal ruemeqrs/dansmladwlmgalhogmo and

gathering a t el enent s ive trackin

dot oct or o, - arive A AEr c36THE it ety liong OPEFPT S grs” RRp RPUEBlaningng
sel ect port bﬁ@%tmdlrtlbélreﬁl@lt\'r i ME@E%‘Hd%‘&P&%??’bMJrﬁQﬁ‘ (HE cShRdllPIScAiager
hi gh- speed data stream for output to a user opti transcei ver  interface
out put. whi thnsrsitirecd ve ﬂtanays bscchrheptatdatastzahi @h-cspmedolﬁumtomrdnil ng
connection to user e Data conin m. us cEnent

on - 100N FBERHEg SRICTEE Mubiie “hihds it R BF COBUFCES “t ANesivs

interfaqgg i HQWor%'ﬂg dmggél%@ﬁ) @ck 8§@pmeRl.| ocated in the user optical
transcei ver. The uSer optical transceiver sends a collimted | aser beam

through free space babhta corhing feamtused dcumybmcmltcadwtl@ﬁr&éhps feeatsit E¢hetnat i ons,
where the collinmated | aser hegmis received, by therllggtsand

filtering ef8ment sCaHalPlicR HAWCSLET V‘BWf“cCl’"a ﬁgm PPUIBEs o8t HisST
where the dab@odafeddff B ﬁ&ra&qlcgl fatdedet Nthdal@ dfithl MAn&deli $dH dchds The

data routing circuits route the data to node addresses, which can be either
wi t hi n one cellimaadd ylakorc dteach tthemuhi tirecespacee sicht MDmYa_r eanwnllwi iddatedt her

centrall ted transmt/ ecelve tation regs, Vi a a.h| E’ES eﬁdfree
space 0;3?}[[% céﬂa”%'é/a?ﬁ?h%e SELRES K WPECHBE ot lkmptedk ser PEHY IR JEECTYT Yh@lg
net wor ks CO@%@&&Q Ad t ARerSRE 18hbs! %at qehidd afiRM fetiveceiMR kA hansy S)

routing circuitr
dctectors where the data is detected and directed into data routing circuits. The
data routing circuits route the data to node addresses, which can be either within

one centrally located transmit/receive station area or within other centrally

1o
n

located transmit/receive station areas, via a high-spced f{ree spacc optical
backbone network-to-network links or anywhere on other networks connccted to
the centrally located transmit/receive stations(s) routing circuitry.

The centrally located transmit/receive stations routing circuitry also
routes incoming data addressed to any or all user optical transceiver(s) by

30 encoding that data into the high-speed data stream of the particular centrally



The centrally located transnit/receive stations routing circuitry 313dAN £33
routes incom ng data addressed to any or all user optical transceiver(s) by
30 encodi ngVPWaP4dat a i nto the hi gh-speed data stream of t h&CBAISP/EaMar
centrally WD 00/ 04660PCT/ US99/ 15973 5 | gcated transm t/receive station

| aser being detected by the respective user optical transceiver. The | aser
beans illum nate the area surrounding the centrally | ocated

transmt/receive stations in a variety of radiation patterns. The radiation

patterns ar 3 |z Ly adi nd/ or__verticall Qr, by
el evation). qgéﬁgé?éggq@?%&ﬁrg%@g#tljést(:a {1gé'_ﬁgtﬂ%h%%%ddgﬁ%bnf%pgce@veer%ﬁer@\g‘@?lengt h
channel s. TheyReiver KSThe aAsA beand iN@agiave Hat qﬂ'cuséd}ﬁnhﬂ%@hﬁ@n@érﬁrally ,

O course, those skilled in the art will appreciate that the invention is

not |imted lpentedhitmnemlodigreaisiations treadarietyeol mdemidropatserpporkhe mdimidnet y
of enbodi nents, sone of V\,h'lch.are Fea;ri&eﬂ rmr;f fuI_I?/'ﬁeI ow, 10 The
Cormuni cat i JRU&Ey Asectored horizontyylgr sadially sand/gr genicaiiygpaky sievption).
comuni caf i of U @Rk Gid I-NG\\2 [ i T
conmmuni cat i oﬂ‘i%ﬁgﬁ %‘gg b(?afr%ltr@ek?ﬁ%ﬁghteagbﬁggmadlE?\e\agggﬂggms:@?@r‘ﬁw t T a
set of inteneconodstiethsndt wal feseivehlareust@e thergdtawnels. i s a node in the

communi cation system 100, and where each 15 network is interconnected. For
exanpl e, the conmuni cd?f ertragdhess skolbedcanthe el wald aagrassde sharibe drvensioa
central networ 10. » r 104, d{,or . peri.pher al twor ks 105.
bata s excriamybdatisht fis SRR Ml 8BNS Brofia P Enion,
data is sentenhciiicRe, e6mt bahviie ¥erdescri®d merd helwusahwnet wor ks 104 20
usi ng shaped and di vergi ng coherent |ight beans (or |ight cones) 106, and
data is sent fromthe user networks 104 to the central networks 102 using
col I'i mat g I,'h?hp beans. 1 8. %yas h li ndi vi dual network al so can include a

hi erarchy” of ' Tht&MEURER' Ly 55%'{ ens wwth | ower |evel nodes (or network

el enments), which is desgfiicbes nOaebibEl Idvadeehowr DabmsnieXchanrgednanmog t he
networks point-to- 15point, point-to-nultipoint. nultipoint-to-point. or
mul ti poi nt - tsoitablet fopompiementtgpwt ambedimantt t iThsi enmpwintatiooatysem d80 de

br oadcast . | ticast, .or sinulcast. : :
Pe J]oug t of as a Ricrarchic system with a set of interconnected networks, where

cach network is a node in the communication system 100, and where each

in

network is interconnected. For cxample, the communication system 100 can
include as nodes one or more central networks 102, user networks 104, and/oc
peripheral networks 105,

Data is exchanged among the networks. In one embodiment of the
invention, data is scnt from the central networks 102 to the user networks 104
20 using shaped and diverging coherent light beams (or light cones) 106, and data is
sent from the user networks 104 to the central networks 102 using collimated
light beams 108. Each individual network also can include a hierarchy of
interrelated subsystems with lower level nodes (or network elements), which is

described more fully below. Data is exchanged among the networks point-to-

[0S
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point, point-to-multipoint, muitipoint-to-point. or multipoint-to-multipoint. and
point-to-multipoint communication can be broadcast. multicast, or simulcast.

For example. during point-to-point communication, any one of the
central networks 102 or their lower level nodes can transmit data f{rom itself to

any one node in the uscr networks 104 or the peripheral nctworks 105, Likewise,



For exanple. during point-to-point communication, any one of the cbrd dail 2603
networks 102 or their |ower |evel nodes can transmt data fromitself to

any one nodeOpMo46ble user networks 104 or the peripheral networhsIg(E573

Li kewi se, WD 00/ 04660PCT/ US99/ 15973 6 any of the central networks 102 or
their lower |evel nodes can receive data%Yromany one of the user networks
104 or their lower |level nodes. as well as fromany one of the peripheral
networks 105 or their |ower |evel nodes. During point-to-nultipoint

communi cat i on oﬁﬂ(e tgﬁfr}ctt@%rlf eg% %{ tl?exp?(;\\f\é)rr llé\slgllr?g t\?\é?g&r‘{%g 6rtr{"ﬁ\é|elr

1
nodes can tr‘é}ls omi 0 Sever al

llover |evel ,nodms cﬁuhgnxwh@woymumuldran@ieu@wr [eRBYn&S. & wihescearhrly
networks 102 or their |ower |evel nodes can transmt data fromitself to

several periophex ate pe‘uphnrklsncﬂt&)@rbﬂ* 10her thdioheeverllewdinodesdes subst ant i aI |y

si mul t aneously. Likewse, é me central netwarks 102 or t eir wer
level 10 nodes can redHRg AAI%-tPHY Lcﬂ?ymoqonﬁ“f‘u‘élntfs‘éf’“ﬂ@i‘(lxﬁpké’ i 91‘8?”5{ hei r

| over | evel ﬁg&%tsalnlb:is&a%galdwyersl'cw l%ans@ﬁllgi’lta {1) El‘?el{ f@F’(}\;EPM or

t he perlphera or their bomer evel es su

si nmul t aneouskyr networks 104 or tiitie ibiver &vaiyiodts bitestanmiyniioatihatbusist amy100
can feature networks interconnected with each other, as Figure |IA
i |1 ustrat es.oONFHd the R dichwAtk SdHBsohB’tc"rl@er‘éVql h‘éitk‘t ‘F}é‘ sesyh R from

(r:]gtn\tl\?;lksné?\S/'\Balqutfggt’rﬁg%{'%ﬁ Rf&&go{bﬁé [i |'o[eI ’lme raI nﬁg w%)r}%i‘wﬁ@yand

the user netywniksnchddly. WDH\QQM% ar{\hﬁf@lﬁm&érﬂhlﬂﬂztt\\(\@ﬂ\KSlObo& MRYr Rever level
i nterconnected to each other such that data is transmtted anong the

i ndi vi dudl cedes apn meqmm idgtalfr@m/WﬂMGUtlhpasssr mgtwonke U@H er Beimplenyasheyell

network 105 or, a user li& 04 Thi s part|“c Ia enbodi b redu s t he
costs of opdlPdfy o 5‘!”8}"3 aHBIMEANEUSY | A NS céht gn HBYV\BWEI% t%”

their own bagkbeme l%aﬁrfth&r |&WOLH K€ cPhEES s%§t‘ﬁl'1ﬁ§l$v E'n%MQxhKéu§l'v"at dedi cate
all of their bandw d to the user networks. In one enbodi nent of the

i nvention, a user net \?ﬁhek higrarchy odethst e:dmumlyataorusevswnhatﬁﬁswlasciaabers Wi th
the peri pheral\ﬁcr)lrgtvmrks 105 and/or, the, central network

( ( [ L\ ? ﬁ tolsendgﬁ
recei ve dat ACHHOTES ciMERFENBESGE r WAl PSRMBHIET e NIEEF s ﬁa)} beAioeat édCat a
manuf act 1y i Rgydothbht Moc@ k! deh DRk t‘hﬂﬁ'lh@?fepl‘ﬁ'h@lta'l Orfblwérkac | p@SGInAl the user

institution, or a university, for exa bui | di ngs that house the

networks 104 be interconnected. or t at thc central nctworl\s 102 be connected to
both the peripheral networks 105 and the user nctworks 104, Moreover, the
central networks 102 may be interconnected to cach other such that data is
transmitted among the individual central networks 102 without passing through a

20 periphcral network 105 or a user network 104. This particular embodiment
reduces the costs of operation. for example, by allowing central nctworks to carry
their own backbone traffic. unlike other wireless networks that dedicate all of
their bandwidth to the user networks.

In one embodiment of the invention, a user netwock 104 is operated

by a user that subscribes with the peripheral networks 105 and/or the central

o
U

networks 102 to send and receive data in a client-server environment. The users
may be located at a manufacturing facility, a multinational corporation. a
financial institution, or a university, for example, with buildings that house the
network components. [n that instance, the central networks 102, the user

30 networks 104, and the peripheral networks 105 connect “client” systems with



XN
networ k conponents. In that instance, the central networks 102, the'ée‘“'ﬁ@ﬁm
net wor ks’ 104, and the peri pheral net wor ks 105 connect -client" systens with
VO 00/ 04660B¢4Y4669/ 15973 7 "server- systens so that the sePGEUSEYEIBNs nay
performa conputation, retrieve a file, 7r search a database for a
particular entry in response to a request’ by the client system A
particul ar type of client-server environnent is not essential to the

enbodinment. It will be apparent to those skilled in the art that the
enbodi ment s - q@rwcbeseysreah%snﬁzﬁqhkQcalehl%cszemserm BEFY ceébvmfa&qgsnh%ma}éch as
alrllnefllght reservations systens -or r'racilitres

The peri phemafilenet wearch al@fabase foe aapynucntaerenoPnacrtqdmettw icquparat ed by a
common carrier, including a Public Sw tched Tel ephone Network (PSTN), a
Local ExchaHg@l W‘FmerA(FEE@lllﬁétl\/WR phesissrveg ql‘ddzf@nnmlﬂ%n%éﬁﬁﬁh@ld@tl on

servi ces. [ ng nge 1 (LXC) providin st an

t el ecomuni clz‘i P%ﬁb(ga('ﬁh& “C%wy &l r‘PP”élﬂ‘ [%Wse g’t\]}i‘l Lé”agﬁ:e& n@f%%hﬁ
(e. 9., proviegigigideats Mlavﬂieoﬁﬂfplﬁﬁfdﬁ@éd fH6EHeP @1i8RLYr6&Sen B GFhEMS! SicHBs!
services, etc.). Alternatively, the peripheral netwrks 105 can 'be a

col l ection ofrlinetfighkestivanong avslegs. asad-ovdertfoailitiogtaror k, i ncl udi ng t he
Internet, the Wrld W.de Wb, 15 etc. The perl ppher al netvvorks %‘95 al sp can
i ncl ude data communi catTeoRCTHEARGRY REVEUER 14 CHchF Ay IGGSPNBT (“EN\%’;),

Met ropol | ta”) A& td"@ér&ﬂﬁlo('\m)vr BEIU\Q‘{&?%’?’MEﬁCNQ%Y@UﬂSIéI e Nefw&RUr S€,
t hose skllle In the art wll appreciate a particular type o
peripheral BEWDHK ﬂOSLosalnoE\alequreﬁabycrt t‘(é_liﬂmodemﬁnt\ brrwﬁdaagl lacyl type
of peri p eral, network 105 may. K be use I n one enbaodi the central

net wor ks' Y102¢ I CEHBNIEUG A8 SRIMISS1 WY qa%ae&cmn%feﬁ WHEF I X tﬁif’r"k‘é‘nio ng
utilize Synmgmu \-}@% i NES YLK i ééowl:sgunheqwm%vmlﬁndbéng& gpt i cal
ard r

interface stan Iows i nt enetwo ransm ssion produ s from

mul tiple vendgt, Sprowanhmdsal vaheumckhaaﬂ@rm;unnﬁ@mmc@yst@momﬁniarrlpéeemaast S
SONET t echnol o)g i nterconnectiaon of the networks enabl es worl dw de data
conmuni cat i 64-)-MOERAIVE s PEHBNe@hAEMYQEES il 85 cay deansalirstionm dieenerss SONET

technol ogy, tf'?naﬁvg( i %'staalnrma?rn%wgéf\ 'lﬂaﬂhln% il ltn?tﬂ'nftl tngwlohﬂg\)\/fﬂ:{chbbaS(ad

signal s and Sextra e Si'gnal s

i s acconpl i shedThdbedphémbheidorknilds ad;oomnatnuae%aana)ﬁmlmli@mnqm\amtﬁst he
flexibility to allow for future service 30 offerings.

00/ 04660PCTAURY93 LogaAgea Networks (LANS. Meteapoditaa FV’bNéﬁﬁ@ﬂrsrfMﬁNSi 96
central net yp) dgﬂz%ﬂzt%zrggﬁﬂmé‘ FRIAINEL MBI Bk 300 1“81;9‘?1594?%6?1'1)[p@?§c"‘5?£k5

105 utilize ernet tec ogy,

standard t hafiatahl uaiduldreryyet vl lperighedal t AaVSAR S!S(DS)l’hsphOdUr@hﬁlréd oy nHkti pl e
vendors. That is. Wleli the comunication ; system 100 inplenents G gabit
Et her net teéﬁ‘r’i’@lddf@?m i isleRdoHIYedPF O Psfipheral n@twkugaéha\bbegssa@br| dwi de data

communi Ggt i on, especi %'(%fﬁr&%o& In&h Y ﬁ! gexﬂracli l\gﬁ&jaﬂ?z Whghus[%Pq)éﬁ%%gr

support.” Moreover, when conmuni ca
Et hernet t eqnnola@ay:hca peﬁpaheingldeabomsenas QhM:zedsah&iyroﬁuug €0ptical miasklolrlog

fi ber-based SI nal s and at the sanme tine allow ng easy

ONET) technology, which is an optical interface” standard that allows

mtemetworkmg of transmission products from multiple vendors. That is, when

the communication system 100 implements SONLT technology, interconnection

25 of the networks enables worldwide data communication. Moreover, when the
communication system 100 implements SONET technology, a new digital

hierarchy ideally suited to handling fiber-based signals and at the same time

allowing easy extraction of lower rate signals is accomplished. These include

unified operations and maintenance and the flexibility to allow for future service

30 offerings.
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operations and nmai ntenance and the flexibility to allow for future service

of ferings. YYP/UESd B is an isonmetric view showing a side ofCT/H899/15973

comuni cation system 100, where data is exchanged between the central 15
networks 102 and the user networks 104 i f free space using the |Iight cones
106a-c and the collimated |ight beans 108a-c. In one enbodi nent, the |ight
cones 106a-c are shaped and divergi ng coherent |ight beans, such as light /

amplif1cation of, sti il akei S anl eMeabifal! i Ouesd ool LBRSY 10 PeRIPyckaser

beans arc directional, and ¢ elnaran wave

"light- reghefvérks 29041 hﬁldehﬁ@t p@nmraﬂt inet\PaRSt 10 uiingd u@mamvl Bihehet
light, near-infrared light, and infrared |ight. Wen the | |ght cones 106a-c

are | aser beatsplagye Whlgllnus @mn@ts%%@;@m&@mﬁmddhﬂtealm\ghnnr:tnut\aosxmtmo@h
power, high coupling efficienc dj rect equen dul ation, and | ong
hout opor ot HORSRISSTROduRis R TR serdehn: ThEnEe M UBane Corumagiatan e

cl ass one | b a | St ds
et iture (METT SPUninpRuRAR CHRRGE Mhiier f Bl nul pRio, BTARE
106a- c oper atavaorls aaables averéd wide hiaat benmaNsheist angacidly thleunl&echu and

particul ar wavel engths of |aser |ight I{B‘WOVI des hi gh bandwi dth with very
little atteNidso ¥ gh-gEhWesTveoRPPorty Mescoxerxhtierhe. CuDNMMRIGEPErSYSIEsR ng

laser 11ght 1ghlig¥fcIhR" ERNSCERIY tRATSDE, AT LEGRN BRrarkRy AN RPO3

suited to handling fiber-based signals and at the same time allowing casy

[0 extraction of lower rate signals is accomplished — These include unified

operations and maintenance and the flexibility to allow for future service
offerings.

Figure 1B is an isometric view showing a side of the

communication system 100, where data is exchanged between the central

15 networks 102 and the user networks 104 in free space using the light cones

106a-c and the collimated light bcams 108a-c. In one embodiment, the light

cones 106a-c are shaped and diverging coherent light beams, such as light

amplification of stimuiated emission of radiation, or “laser™ b/cams. Laser beams

arc directional. and can operate in a range of wavelengths in the “light” region of

20 the electromagnetic spectrum, including visible light, necar-infrared light, and

infrared light. When the light cones 106a-c are laser beams. the light cones

106a-c accommodate high bit rate, high power, high coupling efficiency, direct

high frequency modulation. and long haul operations. In one embodiment, the

light cones 106a-c arc eye-safe, class one laser beams, in accordance with

25 American National Standards Institute (ANSI) standards. [n alternative

embodiments, the light cones 106a-c¢ operate in accordance with other ANSI
standards

The use of particular wavelengths of laser light provides high

bandwidth with very little attenuation (or power loss) in the atmosphere.

30 Moreover, using laser light allows interconnection with SONET architectures



WO 00/ 04660PCTTUS99/ 15973 9 operating at high speeds between centraf 3 JAN 7003
networ ks 102 typical of off-the-shelf data transm ssion equipnment currently
avai | abl e. ‘KBP&@‘\?@( in this enbodi nent. using the SONET prgusfy/ 1893 ows
arbitrary bandwi dth allocation in the well-known portions of T-1 capacity.
That is. when the conmunication system 180 5 uses the laser lights with
SONET. it can accommobdate a digital transmssion |ink wiwth the capacity of
1.544 Mops to many different users across renote distances. One

enbodi nent of.. . o] nj i . i nfraned- iLih a
wavel engt h g}p e%%@ﬁoﬁtl @e#@%%ﬁ\?ﬁwg&ﬂé@g% E{?&rtiﬁgisrbezl [sklglrlﬁle% %)ﬁstﬁ Fﬁ'eswght
wi || appr eciq@tetrifahisaiopadduisubar comtnelyengtlible N Mb@ovtghh thQintbdimeh®, t he

el ectromagnetic spectrumis not required by the enbodi ment. Instead, any
wavel engt h itsinchéd SERYET eprioseroten)iobe abgrry bandwidth allogion irgthe sombs

106a- d th [ 1imat .d.ght b 108a- b t.ed i
wel |- Known PPSGH EBHODS Gt | JoF RaRE Rerk St thatheShige o RO A oA S Ut DB or
col | i mat & t hged glﬁhaaggngRQia% SOWETAf c:ﬁ%fageh&o&ﬁ@mdjfmh?ﬂsﬁgssﬁ&vInhﬁ

acconpl i shed usi ng action gratings, nses, hof ographic optica

el enents, onvidi Hercaphangal d. Bdavtbphapivagy difturent VAdwed@ogt fenidtk déstamgs. used
in various channelizatjon schepes, cap al so be achieved using_a variety of
standard optical conpdfdt&PREMAS ¢hils reomMuCcalion exysteny; ?9‘? aBiGsonRn

ti ) ; I . ' ' - r | t I ght
gLeLi s, PR 0D LS A RSA RS LY BN, Fechialyeates

inclusive. Gkilkaunske attholkeaggicetihedihbing pireicalal exadlenatlt indhiel i ghope giohasfe
that a particular data rate is not, required for the enbodi nent. That is.
t he enbolfi méhe¢ §lestromagneHe specismsiigipdrequreyd Mupireembpdyaent. r bseend. 28%s | s

the case with the li C S -C, e collimated |ight beans 108a-c
al so can be \P‘qavsctla"rn%’i‘ag'm;hco'ﬁ@gr{ﬁ&ﬁggﬂ‘t} %%stﬁdat a wavelength in the light"

region of the el ectr omBgNREhCcEHRE ANGHIB add Gl Wl NGaddkdsli @ltebdah@hi08a-c can
near-infrared light, and infrared |ight. Collimating can be acconplished in

a wel | - knowberaerspieds uphg aanybyvaliskmyvm helderaphde i amicgl #i¢memts thahsbape.or

ot her st andayifl, 39, hea7: 1Pk " RRLLS e 11k bpAGREE OPLOASEIRRTTHRR!

[5 shaping can be accomplished using diffraction gratings, lenses. holographic
optical elements, or other standard beam-shaping optic. Wavelength filtering,
used in various channelization schemes. can also be achicved using a variety of
standard optical components such as interference filters, diffraction gratings, or
prisms.

20 As is described more fully below, the light cones 106a-c bit rate in
one embodiment may be between 10 Mbps and 10 Gbps, inclusive. Of course,
those skilled in the relevant art will appreciate that a particular data rate is not
required for the embodiment. That is. the embodiments of the invention support
any number of data rates.

25 As is the case with the light cones 106a-c. the collimated light
beams 108a-c also can be laser beams or any light beam at a wavelength in the
“light” region of the electromagnetic spectrum, including visible light, near-
infrared light. and infrared light. Collimating can be accomplished in a well-

known manner, such as by using a diffraction gratings, lenses. or other standard

30 beam-shaping optics.



10 O course. those skilled in the art will appreciate that, while r(l'u§ J
t he ‘communi cations within the conmuni cati on system 100 i nvol ves the

wirel ess eX¥@anryeslof ' extrenmely hi gh-speed. broadcast. digi p@r/uges/e97x he
comuni cati on network 100 al so supports conventional methods of data 5
communi cation, such as tel ephone |ines. Hor exanple. a central network 102
can transmt Internet video data at an extrenely high speed to a user
network 104 using a |ight cone 106a, with the return conmunication fromthe

user network 104 to t centr ne ) t el ephone
The. "Thi's may be & he ChActtihahot ettt i RELTE FedsPaR ML AU Fufd *ane
the user datg |ig @6rﬂq'htnl@fﬁlcﬁ1§rduﬂhnlf Qhémédrﬁﬂ}Llnﬁcanrone>4€1§m1|19lOJhinS/oN@OtH@y be
the case when the Internet data is graphics and text, and the user data is

user aut hor ivzatlesn awhmmgﬁatobne\tfmmlgxéwp‘h-epeed broadcast, M@md)vdm,a t hose
skilled in the art, will a reC| é@that while the co i C ystem 100
can invol ve YOHENWRIF@IQS SN @h*ang ORISR FYRAMEISy Cm“gﬁ““% ﬁlﬁ?@bo‘bbr% dakst

digital data,,ff¥ xE&’tW@b?ﬁHL gagsﬁ%%mmcw%@%n aHife O &l raf AL AV SR AR caﬂ‘at
is, the communication s can comuni cate rat data rates conmensur at e
with the typemsmmwrﬂ@mbewng:opﬂmimleﬁh extbemdlyahighysdedser viuse neeesekt
type of' information transmtted and/or received, etc. Downlink

Transmi ssi orkséda Rebegonod 08ar tdtuthe l’EOFPg“LPﬂ@“E“iisl“é?“bflr@l@klhﬁ|l&ﬁgf asiwerk

|| lustrative Oﬁetggéﬁ, chﬂetl\é\nocuﬁgflkmgpggmnn vxla( dtsrz:?nn(?ardisllc.gpom in %h:ssmavrb this

enmbodi nent ,
the casc when the Internct data is graphics and text. and the user data is credit

1033

10 card information. for example. This also may be the case when the Internet data
is graphics and text, and the user data is user authorization information. for
example.

Moreover, those skilled in the art will appreciate that, while the
communication system 100 can involve the wircless exchange of extremely high-

15 speed. broadcast, digital data, the communication system 100 can use other data
rates. That is. the communication system {00 can communicate at data rates
commensurate with the type scrvice being provided. the quality of service

requested, type of information transmitted and/or received, etc.

Downlink Transmission and Reception Structure

20 Figurc 2 is a block diagram of illustrative central network 102
downlink transmission components. [n this embodiment. the peripheral networks
105 send data for transmission to the user networks 104 via a central
router/switcher 204, a central downlink signal processor 206, and a ccntral

transmit antenna 208. A central system controller 210 controls the operation of

Q]
w

the central router/switcher 204 and the central downlink signal processor 206.
Generally, data travels along the thick interconnection lines, while other
commands, control signals. etc., travel along the thin interconnection lines. Data
and other commands. control signals, etc., may also travel on thin and thick

interconnection lines. respectively.



105 send data for transm ssion to the user networks 104 via a centrag AN 5003
router/sw tcher 204, a central downlink signal processor 206, and J e‘lﬁ’ﬂzﬁ
transmt anwenmed6®D8. A central systemcontroller 210 contrpCBEUSHRISITI
operation of 25 the central router/switcher 204 and the central downlink
signal processor 206. CGenerally, data trblvels along the thick

i nterconnection |ines, while other conmands, control signals. etc., travel
along the thin interconnection lines. Data and ot her comands. control

signals, etc., may al travel on.thin and thi terconnec ion Li
eabect ] vely. | VIO 00/ GREGBBERNGS Addipn ony ot SESER REhGR abich

expl anati on, d&@r’nbfupﬂ'ﬁhcx%%écg'to @@ﬂY\Wu‘ﬁ%;‘&?o% ﬁncd@x%BBHPl‘?aqthT["lnﬁﬁ‘éPeCIE ist®

certain aspects of the e i ment igure 2. It 1s to be understood that
t he enbodi ment wedansteot | thatetheanebalinwor eormemiptats oat wortksrel Ochirad Treewoekst r al
router/sw tcher 204 connects the central network 102 to the peripheral
networks 105!%nd to the user networks 104, enabl i ng data to be exchanged

bet veen them The centrial ofoul BEASILHENRE 26040580 DLSLSPRRER 48t HpY

interface controllers ( 2 aph Isplay a apters

etc.. to the{h@?ﬂh[jﬁ&mlﬂﬁcw%r'&slﬂ)% arkkDlo meamlram\tvhﬂ\scam r@abliadt @itd swigecher
204 10 supports N1Cs | emented in a GNIC Network Interface Card

avai | abl e fr%ﬂi@&ﬂdebcmﬂne‘ymf Brokaneal vaghi/siytletnr &%p@'@dlﬁfﬁmﬂ%@m n
to 1550nm entral, router/.sw.tch

O WL T3 S e e M e TR et L AR R

Per i pher al  CQEPeReRt cl:ﬁltr‘?lr gaBeEt 00 PGt e &bh‘%ﬁﬁlu wh @&u?ﬂ%@[@r/s@\hmﬁf 204ndows
NT I"'mor 15 the Digital UN X operating system Wen the peripheral network

105 is the IsumeonelNlCtshm[demtnlaU mcmu@eW@\Mctmbek lm(omnlctaﬁ,mhplworlnblk.nﬂr@mnet

oints or nce entr er/s er 204 in
gne enbodi me ?‘F‘SL ’é‘g‘f‘I'%QISB?)lt‘}”@ WaT?RW(SI'%‘ f %ﬁ‘eflﬁf‘e? 33%'@&"5 'P@\B@?' | evel
hdbe 2QnlGE WRUKS/SHARIQE 268 %%m&_mﬁ\%&orks

network el ements in thgReriRA
102. In that enbodi nent. ci V\Eere Z%e comuni cation system 100 is a
packet - swi tcxhehi:dnetswblr—knoWhe 16E00r MbprEtechﬂ:\zvi Nifer wil¥ 04-bithel’ ergphergat h

for data packets. Packet SWtc network e descrj bed nore f 4 0el ow.
The central oUPERGY In{greappset 2%& )ali"ésﬁsl W‘t §1Q¢e Y %‘B%WEENH"?J t hat

tTLansm 1§ henkigRiat 0nes18BeANHg s§aehY e Wilh &R hidimeesl hé ik PR 8.
[nternet. the central router/switcher 204 can support Internet points of presence
(POPs).

The central router/switcher 204 in one embodiment is a fiber optic
backbonc that interconnects lower level nctwork elements in the peripheral

20 networks 105 or the central nctworks 102. In that embodiment. and where the
communication system 100 is a packet-switched nctwork, thc central
router/switcher 204 is the main path for data packets. Packet-switched networks
are described more fully below.

The central router/switcher 204 also interconnects the components

25 that transmit the light cones 106 and receive the collimated light beams 108. The
central router/switcher 204 manages the routing of data through the
communication system 100. For example the central router/switcher 204 divides
the central network 102 into logical software-oriented sub-networks, enabling

data traffic to be more efficiently routed. The central router/switcher 204 also

30 performs load balancing, partitioning, and statistical analysis on data traffic. The



central router/p,vitcher 204 manages the routing of data through the' 3 JAN 2603
comuni cati on system 100. For exanple the central router/sw tcher 204

di vi des t havazevmé@l network 102 into | ogical software-orienperiusyyiisgrs

sub- networ ks, enabling data traffic to be nore efficiently routed. The
central router/si,vitcher 204 also 30 petlorns |oad bal anci ng,
partitioning, and statistical analysis on data traffic. The 13 JAN 2003
WO 00/ 04660PCVB99/ 15973 1') central rout er/switchcr 204 al so determ nes
routing pri Ol‘ltlles r} P rfogbrg tlrou eshoot i n%at asks. .The central

rout er/ swi t CRBYALEHIGT/SYIERTTEPE 4lpR GRIEHRINER AEOU AR aPHPEHFENANY | RFTOBam
108 or data k n C t

100. "The-contr e Fo e jaskP as ol R ke AT hEPaaha
the quality dafa senvilke [ighybeaad l08 cbr’ndaarrwmmc dlifﬂhda:bactr()i(f fifl takct iethe
central network 102. In one enbodi ment, the central

rout er/ swit eﬁ@vmzocaati%me B0y [Thgkeesten govisasivighen 4o+ indmdynamically

cal cul at ased on,the rout.e ransim SI Q

ol ays. ana"pUaeCBRE St Moal A reRicecSlB e AR BB TER A in,
"open short st et nbiviSlk-1020SPI ') protocol running on a Powerl tail 5200
G gabit Ethernet routing switch available from Packet Engi nes. The central
router/swteher 204 alls@niermhbmiésmstavtdar:atenqulémelstut/hwttclmm W-Hargluadrttsng to

be routed. central downl.ink si ocessor 206 receives the data to
be 10"t TRl rdind SHREH RS (R AR e RSt Shu g o i i Ben ¢ iR ra0s

and encodes Bt ﬁt;nengegﬂ'”d{:ﬁ){\S_) i fﬁfﬁ%e@mq a”phhg' @ﬁ\b%laﬁngﬁ‘tt &ahO be

produce a carrier who requericy is int visible or near-infrared region
of the ell()ecnmplmgmcbd (msmcmmt rropen shaaest ipeth Wirkth (€K )apr’rmt(gdnlfmequmncxy ai s
SO Trer TosrerEan 5300 G Rt die RS SwieR Winabid Trom Packdl ERghes ™
a "carrier, Powerai 3 githerget r ' AgINCs.
The central router/swnchu 204 also includes scveral queues that hold data
waiting to be routed.
The central downlink signal processor 206 reccives the data to be
I5 scnt to the user networks 104 from the central router/switcher 204 and encodes.
modulates, encrypts, buffers. and amplifies the data to produce a carrier whose
frequency is in the visible or near-infrared region of the clectromagnetic
spectrum. A carrier with such a high frequency is sometimes referred to herein
as an “optical signal.” an “optical carrier.” a “carrier,” a “carrier signal.” a
20 “lightwave signal.” a “light cone,” or a “light beam.”
The central downlink signal processor 206 also shapes the carrier
signal for transmission by the central transmit antcnna 208. The structure and
operation of the central downlink signal processor 206 is described in greater

detail below with reference to Figure 4. including queuing of data waiting to be

|3
wn

proccssed.

The central transmit antenna 208 transmits the carrier into free
space. For purposes of explanation, only one central transmit antenna 208 is
described with respect to the illustrated embodiment of the invention. It is to be

understood that the embodiment can contemplate one or morc central transmit



Y
20 "lightwavc signal,- a "light cone,- or a "light beam - 13 #ﬁg 603
central downlink signal processor 206 al so shapes the carrier signal for
transm ssi QYO P8/0466fe central transmit antenna 208. The structOr/gsamdsrs
operation of the central downlink signal processor 206 is described in
greater detail belowwith reference to Figure 4, including queuing of data
waiting to be 25 processed. The central transmt antenna 208
transmts the carrier into free space. For purposes of explanation only
one central transmt a ed with resgect to th

T T ust ot o BlFBBRT s Tt RRBET hyIEhPEn ank Ot o Mre uraral Sty kaePef he
enmbodi nent ¢ one or nore central transmt WO
00/ 04660PCTF§§9@?Q§GI§§£[%£antennas per | ocal central network and one or

more central networ ks Arebrdieg@aoaphi embodiatdn0nihe central transmitAntedirdi 2g8t o an
enbodi nent. the central transmt antenna 208 transmts the carrier into
free space Lrsmw@ltgébwtamfé l@ﬁﬁ ifE08, SGEHISHIS BIMBIEICT QRLICSE suﬁleﬂbe*étweve

di ffracti.ve [..h 0 onmetric optics

the capat | TE38h endlrag un Frho@EmR SohFu TR Frdlfbt g b ioe”
"real inmagehadd i capabliudlofini@dag dnAnﬁzﬁélonam&qmd[s TaReint Rt mh eARSE bOR a
screen, for exanple. A virtual inmage is viewed through an eyepiece. To

acconpl i sh t'hiadimagk’. omh " YiGOahasageno fbrrmiemges» ofclthaParcal! el a sc@en foght
rays passi n t hr ug/n t he lo tics_ arc f(ﬂ? sinal e point (the
"focus"): “(‘Q? gREUF APLEF ATV ekt ‘f%‘fﬁ‘dl‘?‘f)érpé'r‘rf angl es arc focused to

different fOC' aII Off'g ) ‘{\;"'&'oﬁgﬂls’heuh@t%k%ﬁﬂ@d?h@lwfoog%tuﬂld%ne )Pafalic]

t el escope, canera | ens, projector, magnifying cont act
| enses dfle émarrpheqﬂs‘smlarthgwuyl geonmmiasi are dptiscd Lo hsNoglei pragi fibe gémust) i ¢

optics (NXs sati sf | east .one of the criterion neces ary or an
GO, If one ATt ‘téﬁ‘éﬁe‘ﬁﬁéeahfﬁ%g‘ém&ﬁcahﬁfé:élc‘b%‘CN@)@Ldt‘He‘“P‘ il

ei ther TOW\; |chol e MeNe faﬁ[:etnltnc Wlﬁﬁe of N%ﬁ@%ﬁedcq%frlqt?&elshl ﬁnses

used in front not or ve hea S of the ri rivac

used in cer tpamjnctwr nahoweni ey €lepsdth aa:ryd iconlequened. a20Axdnfplesaot mﬂagngtl ng
is an exanpl e of an NGO suitable for inplenenting one enbodi ment of' the

i nvention. @FORISGHIS@PUGNY diffraction grating suitable for focu5| ng the

dest o0 HEYEL T PR dRgUS e g s b nkn YRS omgent
is 60 m crotise criteoiva sddebdaeyd foman HEQr 1 f vhé tridppr @sicateeart hmbgd: becated by
NGOs, the image will cither be ~fuzzy™ or nonexistent. Examples of NGOs are
the Fresnel lenses used in front of motor vehicle headlights or the rippled
“privacy” glass used in certain windows where privacy is required.
20 A diffraction grating is an example of an NGO suitable for
implementing one embodiment of the invention. Of course. any diffraction
grating suitable for focusing the desired wavelength that can focus the light cone

106 into a small enough spot could be used. In this embodiment. a diameter for

the light cone 106 is 60 microns. Those skilled in the art will appreciate that the

9
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particular diamcter is dependent upon the desired data rate.

Although 1GOs are adequate. they arc expensive and the
embodiment does not require all of their capabilities. Thus, one embodiment
uses NGOs to maximize the utility of the system while minimizing the cost of the
transmit and receive optics. A suitable non-imaging geometric optic operating in

30 the 1550nm range is available from Richardson Labs in Meridian, Idaho.
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Al though 1G> are adequate. they arc expensive and the enbodi ment does not
require al I'&fU0#EPr capabilities. Thus, one enbodi ment use8CRUSEY Y73

maxi m ze the utility of the systemwhile m ni m zing the cost of the
transmt and receive optics. A suitable A6n- | magi ng geonetric optic
operating in 30 the 1550nmrange is available from Ri chardson Labs in

Meri di an. 1daho. WO 00/ 04660PCT/ US99/ 15973 14 The central

system cont ol ler 210 600tralsy LBAPEERARR £l LORGRIALALAVER 0P e oher

204. and the central Wh!$° processor REFS]

control I er 238uganoler/sWikReend-£hnkdnhbeat@r & wislafit yans!. pr@'&c@o@@lml Mghé ON
of both hardware and software. In aspects that are inplenented 5 using

sof t war e, theusmﬂtmaeel naytrbkéersﬂb@ edndn: anrdomutcelrmph@xginww ps@tdwcte (®uzh as
an optical disk

bi eé &: a fl opw}ﬁdl Slﬁ et c. gr 8; am st or age
device (such®@$ HH“BB Pt ’dli’%r WAy \}8d R het P ASBELR 1R § ”H NS di sk
drive, etg.) uﬂh%oﬁ@m—é ﬁ‘!;e §é{ﬁ€v‘%‘m ﬁQO?y‘é‘%Hr@& o 1 ut@rj ﬁ 'Pﬁn‘i%gé?&‘ GOEH war e

runni ng on a conhposit nmput er s° pI‘OCESSOI’S

illustrates as fqhQthdtla@ﬁamﬁtxmz@ncemklﬁ‘ai xsﬁspﬁynckmmdt@ Ioem %J:@Ortlhaﬁﬁm‘ntc.
function 200 suitable for inplenenting th,: customsoftware running on a
conposi te of %\jﬁpmt@hsa% apeptagal giskodiriyhe maaneia disk daei adlorpy dslidiyew t h

wh I
ransmit 11 RS0 Ce0 AL s gARER Ay U B R SR e o0

send data tOd|cSmth§[(@@ﬂé(ﬁ;ﬂhu@@l\({ﬂrlr{a&@h(ﬂ-@ﬁ| processor 206. In step 214, the
transmit function 200 synchroni zes encodi ng and nul tipl exing schenes. In an

enbodi medd, a user systiaweddt Hiusiraies 310y shegrag @f 2 cmtgdrse'ssa)ms:@nmﬂom zes

encodi ng and use iS. the
Cone e n Ssons 3 kg Bt SE AT ER s Pt P hARb e S AR nlsting ke
104 to initighe AnfRkAe dPLbAPAAE. Operation of the tAnshRPurd fon Mr@b&m@smﬁ

function 200 determ nes the particular encoding required. Téglca ly, the

user networ kstemazllcwhcreoctommé lmnmdypcluymsmshemp W | le tere 2d enthedransetivor ks
102 control ihe mul ti pl exin

di ng, schenes., Thus, in

the central CORIPEIAIFeSe el aifhas Bt SUSe PP B P A5 A 1.
In step 238, \fh@ntmPASWhiink Ykl ﬁfbc@%rd%' 48 S:cpian. teddd s nPiegledidrs200 be
transmtted. In an enbodi ment’ e central systemcontroller 310 makes this
deci si on. QD@YIHIhImeZQSf cnmhng amgnmmltipjmng ceh@mos.i dncompinehad ifenl.omiusgr st ep
218, as indicated b ﬁ? 2;{)0 . L . .

system nirofibr (see. e.g., Figure 3) synchronizes encoding and

multiplexing schemes with the user networks 104  That is. the central system

controller 210 performs handshaking with the user networks 104 to initiate a data

20  transfer.
[n step 216. the transmit function 200 determines the particular
encoding required. Typically, the user nctworks 104 control the encryption
scheme. while the central networks 102 control the multiplexing and encoding

schemes. Thus. in an embodiment. the central controller 210 determines the

19
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particular encoding rcquired.

In step 218, the transmit function 200 decides when a data packet is
to be transmitted. In an embodiment. the central system controller 310 makes
this decision. Operation of the transmit function 200 is complete following step

218, as indicated by step 220.
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net wor ks’ 102 on the downlink are the |light cones 106. which are transmtted
into free sPRY&0HHE received by the user networks 104. That PEEFUS®AGHTX0f t he
central networks 102 transmts data nodul ated on a shaped and diverging
coherent or other Iight beamthrough frebd space. Figure 3 is

a block diagramof illustrative user network 104 downlink reception
conponents. A user antenna 302 receives data transmtted fromthe central

network 102. processesyy S | i ingn n 304, and
sends the data to userﬂé%:]t?i%&Q%{tatg#of%_hggfﬁg%mgg%,s‘th(gl' d@é?ﬁﬁ@@ﬁéﬁ%the
control l er 3ight @l aneamhi@f akheaRiitiehendl fraesyickadlRcive@r bpuiPeses of
expl anation, only one user network 104 may be described with respect to

certai n aspeattsrooks t19¢. enbbati mentackholhrthe nedritglir eetgorks 02 ttanbmisndetst ood

t hat enbodi nent,s, of . the i.nventi on,.contenpl ate one or mre user, networks
104. As ment POARKGEHEY S, SHRET gad i dRews ohstsat b cshaydatthedrt Hipuglies 15

106 from freg,3pace. The user antenna 302 receives the light cones 106

using an optical receiving antenna, which, in one enbodi nent. uses

hol ogr aphi c optical elEren . iOre bbodiodiagenth obdHuyedtveknown feevedcades to
receive the |ight cones 106. For exanple, the user antenna 302 can be a
reflective tePERUYHEGHPHAN LORYMINENS] A YUSET dBIENDD 0 richaives ¢k fansmhstesiot
size of' the.receiv i gh T [ .ant.epna,.3 ut:put s, t recei ved
| i ght cones %@ 76 C?ﬂ[é!‘lu'g‘éﬁbgbm'ﬁ)g%&éﬁgsﬁgpg"&gg%gé(r’g%ﬁg SEMPSFOCC%SOF

The user dovgld4.ndndsk@nRl thier @RESB0IscBRAuipds@i sl thdctd 808, eanesdOsy ase
decodes. denodul ates. decrypts, and buffers it to separate the data from

the carrilBr. comeoller rUdk und/cndnopéritie ipsaipberal hgtwgdys §6wnl Fok perpsab of
processor 304 j 5 dESfI‘i bed incﬁr,éagtl I detail, bel O\(ISY vyil h_ref Er ence to
Ji Cht 8 nNE

Fed 1S N : R - s
Figure 5. The R ONn BUY Yt Hist ddnanBe (s s t§° % (Q&Han
equi pment  30&pctReo sy ciibpliare@OsHdval errFigdR. 3and: theo P&t iupkefsedodIghyor Ks
105. Recall that in one enbodinment, the user network 104 is operated by a
user that supsbedipmnts ol henovemidnrcesEimpalgana ormercalstentiwaeksy £04.
envi ronnment, such that,the 30 c?%g\c;al tt§1etvevork . 1(,)25.02t he_.userthn tW)rks 104,
and the peri pher al net A MIEDTIDHE ¢, the user anfenna receives the fight cones
15 106 from free spacc. The user antenna 302 receives the light cones 106 using an
optical receiving antenna, which, in cne embodiment. uses holographic optical
elements. One embodiment uses well-known telescopes to receive the light
cones 106. For example, the user antenna 302 can be a reflective telescope with
a modified eyepiece to turther confine the spot size of the received light. The
20 uscr antenna 302 outputs the reccived light cones 106 to the user downlink signal
processor 304.

The user downlink signal processor 304 reccives the light cone 106
and decodes. demodulates. decrypts, and buffers it to scparate the data from the
carrier. The structure and operation of the user downlink signal processor 304 is

25 described in greatcr detail below with reference to Figure 5.

The user input/output interfacc 306 interconnects the user
equipment 308, the user system controller 310. and the peripheral networks 10S.
Recall that in one embodiment, the user network 104 is operated by a user that
subscribes to send and rcceive data in a client-server enviconment. such that the

30 central networks 102. the user networks 104, and the peripheral networks 105



WO 00/ 04660PCTMS99/ 15973 16 connect "client- systens with "server- 1535“@‘#&503
The user input/output interface 306 interconnects the client systens with

t he server WO/t0d¢P8 usi ng appropriate signaling and prot ocol BCTAUSPINNET3

aspect. the user input/output interlace 306 supports well-known full-duplex
operation and flow control comon to clilént- 5 server environments. In

anot her aspect. the user input/output interlace 306 supports Signaling

Net wor k Managenment Protocol (SNWP), which is a well-known nmethod by which

net wor k manage L appti L Qns..quer . a t agent ing.a supported
Managenment T rg‘;ﬂgflf%ﬁ éggém?l\)lwi@) ?ﬁ%"ﬁﬂ%ﬂ%ﬁ%m}ﬁ“%ﬁﬁ%"g‘ﬁ’:"”\‘}ﬂ‘r‘t‘ngﬁfﬁ Cany
net work typggs fictddahbele (honEhaRsd s 0ith 1Re GRAVEOLy s agiak z(;@%vprm@)

devi ces, such as | EEE 802.1 Ethernet bridges. The~user

i nput / out pusighalirey laadep0Gcasippb tegrcbitgpiecectlicomatr emuriiquipwninteiide 8Hé
ability to change keﬁmas nﬁg d. The user input/output interface 306 al so
i npl enent s SYWAFES egferkngand iy ﬁmyl-tr-\afmcr;fém and i NV RBH o6 PEINY! theliRRYys. in
this enbadif i npyt ut, . 1.1t ef.a 15 uniquensseri al
number . aver i HosareeREe, "R ARDE soreRl S B Lo AR R R 08T 2
nunber can ke pesedSianliendyptdrRnviansheidier Peretsi t YNMEGL wigsh idhe Wl mwar e
on the subscriber input/output interlace 306 also is protected from

hacki ng. Thknesemasbed piaviichmgtdenk BaraBOscHAPIELHAYS Gfery avaRnageynast 20

wel | -known equi pnent ;. such as gateways. | ocgl .area. netuor k i dges,.. etc.
The user eqlf piredt &nd d%{ﬂp% lsf'%S 1At gnqﬂéorgh 1oF ’g{% u?pc}/él?i)of eﬁ“s

vel | - known us@bdid@ift GREnagesGhiriasl PhhdtRisorthaysk dbi Mekde NARTHARiMisR! ay

adapters, televisions STVS), TV set top boxes, telecomunication equi pnent,

vi deo cdfif cEenebhigrosepsl hnemtl C Rt vaendi p/ohi sudER §GR priethtrnes budgess horre
theater el ectronics. ﬁc 25 Theé/Jser syste{n con%é(ol ler 310 oHer ation and
structure are simlar to tfig" ofBFACHEN! and St Get it JHPRORE POl st em
controller gé&vpt'iéh,t\hﬂh thBHIRE) 1S ¥RARE ROM L8l A &3 10TRORNEE O] ui/laﬁtput
operation of the user downlink “signal processor 304 and the user .

i nput / out puintenfacer BA6ealS@6mpthmentser clatengm camd rokpler’ BtledtickBon sehean be

i npl enented in hardware, .software, .or a conbination of both.30 rdwar e and
Softvare. | PEBRdN Rar s 1T R SRediRisnbBRrsar ase it Sor s ute 1 i

0010466QKCT{,11588/s1 A" RurhBef, N&/eR0MhbWRK §t BBYs BBt $hok edufidud e RURL £ddREQIr am
product (such ‘as an optical disk. a magnetic disk. a floppy disk. etc.) or

a program swbicgeriénuobe( sucbeascdtongtdaryplioniask ahénserumyniggiuetd. cTHe sk
grel \(;E’st gmf Lg%ﬁ&%‘e%‘é the gu iscribat )in[;ruthOLllflpSuelr instgrsiggpﬁ)%nglrsgli!ﬁeygro?c]éPcdmf%nX al so
hacking.
The user equipment and devices 308 can be any of a varicty of
20 well-known equipment, such as gateways. local area networks. bridges. etc. The
user cquipment and devices 308 also can be any of a number of well-known user
devices. such as printers, hard drives. graphical display adapters, televisions
(TVs). TV set top boxes, telecommunication equipment, video conferencing

equipment. and audio/visual equipment. such as home theatcr electronics. etc.

S8
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The user system controller 310 operation and structure are similar
to the operation and structure of the central system controller 210. in that the user
system controller 310 controls the operation of thc user downlink signal
processor 304 and the user input/output interface 306. The uscr system controller
310 likewise can be implemented in hardware, software, or a combination of both

30 hardware and software. In embodiments that are implemented using software,



S running on a conposite of conputers (or processors). |In one enbod] gegiN 7603
the user systemcontroller 310 is inplenented in a token ring timnme-division
mul tipl ex YPOW6Yst em Figure 3A illustrates &CTIUPR/Hi98Yr am of
a data transmt routine 300 suitable for_use with the user system
controller 310 in this enbodinent. The 3@ transmit routine 300 begins with
step 311. where control immediately passes to step 312 wherein the transmt
routi ne 300 determ nes the type, anount, and rate of data to be

transmtte e i 3 t 1t [ 3 ni cat es
the infor rrgplcc?r?“g\g\g{%&agdb% Etﬁgggnﬁgoﬁ&?ﬂe&?g?ﬁ% é)lrs(gl{/&ts[t(g%hc%gf“rqg)l e?l 210.
In step 316}ist.hemd@netid @RS Hoppytiskee@O0od 4 promahSiclabadeiet pehchhs dni f e of
the token. In step 317, the transmt routine 300 determines if no nore data
exi st, and dmicst éipk Bti¥cr emngnstia didkénva.a Qdppycdink devessied.em control | er

210. If in step 318, ﬂ%nrmre data returns 3t0ken' t?, tgq central g stem
control ler 210. the tr¥ndiifh SYSGH HQNEBOCT etldr REY 3156 Bp GEHPOMoERiivateep

320, if $heggni ‘ el ' 08,300 Wit : t
t oken fr'omqtuﬁglr%e(?lpﬂI gcl S q}t‘[eerr(? @%‘%‘E‘f’gﬁ%ﬁego‘;@w%ﬁ&%t g{g\r/l@rkbhgmpreglrréér]nﬁt nfc)(;uti ne

300 retur nsuseosysti@ap cdh@oller 310 is implemEngdrie a3Bkirs riagnecetlixgsivoutinelex50
that the us§r sastem controller 310 inplenents in the token rim. TDM
syst em enbddilEREYSIEBr exanple. in 25 step 352, the receive routine 350

eceives a data_packesath SQBAU Al 914 gidd 380 B8R BEROOU e

350 exani nes the data packet ermnes if

address matshigblcafodsee it aderesiem tonssien $0b.in the dnes®liv@nt. 0UtHene 350
det erm nes whether the address of the data packet matches the user's system
addr ess! 01 itrasraderwss 30 hegas onth sEpthln wone riontrot immed et gipassesogt i ne

250 basscs iy 3R AP IRSE LSS Fup BB TS 10
sends the dsftdnipachkeirafsmiieg. user' s sub- net wor k.
[n step 314, the transmit routine 300 communicates the information

gathered in step 312 to the central system controlier 210,  In step 316, the

5 transmit routine 300 transmits data during the lifc of the token. In step 317, the
transmit routine 300 determines if no more data cxist, and in step 318 returns a
token to the central system controller 210. If in step 318, no more data returns a
token to the central system controller 210. the transmit routine 300 retums to step
312.

20 In step 320, if there is more data. the transmit routine 300 waits [or
the next token from the central system controller 210, and then the transmit
routine 300 returns to step 312.

Figure 3B is a receive routine 350 that the user system controller

310 implements in the token ring TDM system embodiment. For example. in

(G ]
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step 352, the receive routine 350 receives a data packet and demodulates it. In
step 354, the receive routine 350 examines the data packet header, and
determines if the data packet address matches a user system address.

[n step 356, the receive routine 350 determines whether the address
of the data packct matches the user’s system address. [ the address is a match,

30 then control of the receive routine 350 passes to step 358, wherein the receive



If. on the other hand, in step 356 it is determ ned that the data pa‘cgeg“\j 1003
address does not match a user system address, operation of the receiv

routine 350"PAYYEE t o step 362, wherein the receive routi nePEHUSWISES t he
dat a packet. Figure 4 is a E%ock diagram of illustratk,e

central downlink signal processor 206 conponents. The illustrative central
downl i nk signal processor 206 includes encoders 402, nodul ators 404.

mul ti pl exers 406. and power 1O0anplifiers 408 that convert data into a

carrier, and,afR! 55 debE peatl @ita hREkd" IASESF6@NLE Redeh REFGRACS$(Psd g User
net wor ks 104. ’ The encoders 402 convert data 1nto a

r epr esent at ilondah pohketdatthe apwar dibAgettvorla set of rul es or conventi ons

speci fying the way in ich the signals representing the data can be
formed, transmitted, rec®t vk othaidipwdedesyens 350nit ghalcissminghdlat, thendata
encoders 402, angco arpa..a rol .sj Into . a high-speed data
stream || ﬁ‘s‘%q‘r%taﬂlsdze%né%&e&g @8gﬁla‘?élsiéljn%r%¢@n‘{(@ bibhO%uﬁ/Baﬁaoq,&ggerscgcwc

Control | er ¢dfac 350 PagsesRackas 36Ngiviezin thd\deeiviiroGabE 380 dligpenrodans 402
can be inplenented in any Ethernet card, switch, or repeater with the sane

encodi ng capadhdti ties. 20The nodul ators 404 nodul ate the |ight cone 106
according to the data to be transmtted on that |ight cone 106,. There are
several types of well -"1‘&‘_{-&3\,\“}(1'%5’3‘?‘3&ﬁﬁ'(}ﬁmé%_}%dggblﬁ“é'ga CI"B_F”ESHWHHPE&?H%WS

(e. 9., frequencysdaps albhMoncRRASELERAN AT RN cRRRIB LNk sikBNI PDcessor
nodul ati on. quadrature anplitude nodul ation, etc.), any of which are

sui t abl e f o200 npicdudrst iengodkss cinumiodatatan #O4t menldplenursi @dbi amds ypetem 100.

I n one enbodi nent, t nmodul ators 404, are inpl.emented in well-known .
Et her_netlUPef‘l"kr;ﬁ‘zll";ﬁ ' l(’9%e?f_i“vlclrl"t éP‘f“aH@O(P@i‘)‘"‘%‘ér‘H‘é‘ ARBEEY | RSuEaEKa WYt put
are via oPtiGalp RS in frf, Blcs (s TRALCRBAvork bqogPdul ators 404 use a

wel | - known on-o0 I'n
The encoders 402 convert data into a representation of the data

according to a set of rules or conventions specifying the way in which the signals
representing the data can be formed, transmitted. received. and processed. In one

15 aspect. the encoders 402 cncodes data and control signals into a high-speed data
stream. [llustrative encoders 402 are implemented in a Media Access Controller
(MAC) chip on Packet Engines” G-NIC. Of course, the encoders 402 can be
implemented in any Ethernet card. switch. or repeater with the same encoding
capabilities.

20 The modulators 404 modulate the light conc 106 according to the
data to be transmitted on that light cone 106. There arc several types of well-
known modulation schemes used for communications (e.g., frequency
modulation. phase modulation, phase-shift keying modulation. quadrature

amplitude modulation, etc.), any of which are suitable for implementing

[ ]
W

communication in the communication system 100. In one embodiment. the
modulators 404 are implemented in well-known Ethernet Peripheral Component
[nterface (PCI) cards whose input and output are via optical fiber. In this
embodiment. the modulators 404 use a well-known on-off keying (OOK)
amplitude modulation scheme. The OOK amplitude modulation scheme is the

30 lowest cost modulation scheme currently available. Of course, the modulators



anplitude nodul ati on schene. The OOK anplitude nodul ati on schene i d BnhéaisaiGl3
| owest cost nodul ation schene currently available. O course, the

modul at or s WABMEGIB4660PCT/ US99/ 15973 19 404 can be i npl emePEBESIN SERy

Et hernet card, switch, or repcater with ng sanme nodul ating, capabilities.
An enbodi nent uses the. serializincideserttalizine chip on Packet Engi nes’
GNCto inplenent the nodulation task. as well as to drive the |aser. 5The
mul ti pl exers 406 in one aspect are wavel ength division nultiplexers (VDVs)
t hat establi [ J@ﬂﬂ t r
into the lig 4 gg@lggq ]@? ?(ll mn 9X¥E[2H9’nPE G eﬁgrtég@}géggn&&(gz\é\}grtg?%ﬁ‘anneI S
at di ff er entmodukitiqrodapsbisitis. OU‘(IIDltﬂnﬁdd@ﬂWVL&bﬁml@i Beridivit peesaimizldgbkipbeam
In this aspect, the multiplexers 406 can be wel|-known passive 10
conbi ner s ormsé’nebtuhx@lmnﬁ -hdEsto inmplamentHée nxashidaton tapke duivell pb e alriyeq406
are opti cal division nultiplexers (OTDM, or high density wavel ength
di vi si on mul ge ¥ers (I-1DWDM) . Alternatively, multiplexers 406 can be

i mpl enent ¢d usi ng COheTﬁ@thmptlé\&baﬁ'@@lmh%@r%?hé&e 288 RUDEYH @%%fn' on
techniques. In fact, any type of optical conbiner that can performthe
function of muhmlnmrg {WMib d*mannethbhs}summab flusedlsf ibyt ecromtmuphermeor
Soliton nulti Iexer als can be used to i nt t he Itl grs 406.

O course, t‘P1éV‘r A& ‘ihsl(‘éfrf:q ashypoth ‘nfglé‘d:o&ﬁ IBRe pak i g maplt tp}‘b‘érbg 6 mix

mul tiplexing. ko Pﬁ(ﬁrﬂ:’ll Cat. 31*?&1’(9&161%%@1& ang {}lﬂgpf qﬁ:d R chcntLhﬁ t)hgth cone

106 usi ng frequency, polarization, spatial posi

al gebrai c tramsd hgm nceinhodﬁthnet@ucmhemonlplms 406 chhemrmblmmbeme;ms%G
uses a 20 dense wavel en th_ di vision multiplexer (DADIvlI) to select channel S
at | nt er hat i GHBPITTE] BT 8HREHNC BRMBHE Uil BANPIURSRAANBSrY HdexarRd06 are

1530 15600 AR G8C ARRIGK LI BIDERDA! AEhON0EY WERMANANRISh, The

power anplifi'ers ecelv y - oné or

will be presmﬂﬂugbll’:\\éth{!IIDWHDM(;Oﬂ@h&%u»ﬂlhenﬁm\i}»ﬂé\@m%fuﬁf be%ﬂ)laﬁcmberate
optical signals of many fornmats CIﬁor nmodul ati on schemes, such as_ pol arlty

shift keyi nguam%ﬁbcﬁénuu@ltmhamn éwwgyivrmorbmmeéw daipetien mshgiqusps)in
e.g., the pofﬁ’%[ ATV AL HEESAP Bo bt d RRSRRDEMb rm R PG BT RN R Y ink e

i nvent i on,
(5 (.hannt.ls. such as fused filter couplers or Soliton multiplexers. also can be used to

implement the multiplexers 406. Of course, the invention is not limited by the
particular type of multiplexing. For example. the channels can be combined into
the light cone 106 using frequency, polarization, spatial position. polarity. space,
algebraic transform methods. etc. An embodiment of the multiplexcrs 406 uses a
20 dense avelength division multiplexer (DWDM) to select channels at
International Telecommunications Union (ITU) standards for the [530nm-

{ 560nm range (approximately 0.8nm separation between channels).
The power amplifiers 408 may receive and amplify one or more

wavelengths that will be present in the light cone 106. The power amplifiers 408

(RS
n

tolerate optical signals of many formats (or modulation schemes, such as polarity
shift keying or amplitude shift keying) or bit rate (up to many Gbps), e.g., the
power amplifiers 408 are transparent. [n one embodiment of the invention. one
geographic locality contains three central network stations. The signals {rom
each of these central network stations are divided into 36 sectors. Each sector is

30 capable of carrying up to eight channels at 100 Mbps to 10 Gbps each. with an



geographic locality contains three central network stations. The sig 3”;«54 900
from each of these central network stations are divided into 36 sect J
Each sect oM9808@6kcapabl e of carrying up to ei ght channel s acTUSH/MIPs to

10 CGbps each, with an WO 00/ 04660PCTTUS99/ 15973 20 overall | ocal

geographi c capacity of up to 8.650 terabdks per second (Tbps) (e.g.. 3
stations x 36 sectors x 8 channels x 10 Gops.) In an enbodi nent, the power
anplifiers are erbium doped fiber optic anplifiers (EDFA), that anplify one

"h 5 Nepean O EIPATY L EAAARE WAty G R3S EPisE O R e of
illustrativeg 48esnsdewsl gee!@r@\gmhnmmgesmcbﬁ% wrﬁmoaﬁsé&ncmezh@gmw'rﬁem
user downlink signal processor 304 includes ht cone detectors user

derodul at or snfldicruser edimrh tdopledXiers G0ig, amphlf‘ use(rFIHEondlé\ns 2B fy voinie oy
detect and separate data fromthe carrier in e gt]t one 106 after it.
i s recei ved R¥EMRYEEnghacENBytanagy bel‘“’%.'llﬁt%ﬁn OBDZIDS el orporatigfe N ght
cone det ect c | ocus the light cone 106 onto a phot odet ect or
(not shown) Néf’ﬁgpf?'q%%cgﬁe etectors 502 may include a concentrator (not

shown) whi ch concentr &i@gethes lai glotk cdingrakD6 fainidisfragus @scrd towintiARUdi ghAlSS.
After detecting and focusing, the data on the |I3ht cone 106 is 15

anplified vmpmcasqcsr@a!nqﬂmnqr@m% nbite embagimend droredewd!ink sean| processomdfiidt h a

serializer n n rot rte pr.at ocal nverter
(not shown). “?’Hd“ ﬁgglnﬁ(l)&f gé@u%?%é‘tl i geerr ‘Bﬂg“fé?% oc‘ﬁl 885\?@”“&‘ s
avai | abl e | 508, GdNider BRENRIK 508K RGR @Rk JBRHh RCAHA ¢r¢mbxfncP@a¢H@hrﬁmal nes,
as described above with reference to the nodul'ators 404. In this

enbodi net , lighecgreot Mrofierliisosnsigrd drone fee spadeby donwer intdnea 36aul at i on of
the Iight cone 106 to abit Ethernet_format or reduce i 100
Moit format. The det eﬁScﬁé‘g‘él@é‘L f0E %/d% Acigsbrd [EQH‘%ILW ﬁr‘ﬁgkg?“‘sﬁ@ﬁ

di ffractiongiah Am%dcmeod ermatshem§ dﬁkeﬁ&mréorf@ahlq%wgoﬁhﬁﬂ 'u%ﬂxd&@“e

106 to the user modul at ors 504. Illustrative |ight cone detectors 502 are
i npl ement ed concdAitiltati Gdé showan \dflf:htdweesmeitcfs 155 0ighn comtarlﬁéeindefocumst it

manuf act ur ed ations ated at 20415 Nordh Stre
Chat swort h, Yﬁﬂ{quf 3PS am‘;fmf-tI plecting and 38 OcusIng o ‘Gs@f“dé‘r’rﬂlfu {‘ngn%gb6 is
denmodul atse G 1GRET Weth dS) i f/mek ('ﬁBP‘é’Ho@ﬁVDQHh@H&P 1 eehRl QYRR QeRPati bl e
wi th the nodul'ation sche t he nodul ators 404. For exanple, in one
enbodi nent , sehehdsrsénodehmdm) angr 5ro$®ccﬁ@:@nacx&cd nysh iema npreth dorh ctohecrEd:xhénmet
PCl cards. - " : .
shown). The preamplifier. scrializer, and protocol converter are available in a
G-NIC network interface card manufactured by Packet Engines, as described
above with reference to the modulators 404. [n this embodiment, the protocol
20 converter can either convert the modulation of the light cone 106 to a Gigabit
Ethernet format or reduce it down to a 100 Mbit format. The detectors also
include well-known pattern masks, such as diffraction gratings. The light cone
detectors 502 output the light cone 106 to the user demodulators 504. Illustrative

light cone detectors 502 are implemented in PIN diodc in an off-the-shelf

1o
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1550nm transceiver unit manufactured by MRV Communications located at
20415 Nordhoff Street. Chatsworth, California 91311,

The user demodulators 504 demodulate the carrier using well-
known demodulation techniques compatible with the modulation schemes used
by the modulators 404. For example, in one embodiment, the user demodulators

30 504 are implemented in the Ethernet PCI cards.



WD 00/ 04660PCT/ 13599/ 15973 -) 1 The user denul tipl exerd 30dAN 7003
separate the wavel engths back into frequency-separated i ndependent opti cal
channel s usYB§"8¥éhni ques conpatible ith the multipl exersPaDESINIHE73
derul ti pl exers 506 can be wel | - known pa.flve splitters or selective
splitters. 5The user decoders 508 convert' data fromthe representati on of
the data established by the encoders 402. For exanple, the user decoders
508 decodes data and control signals froma high-speed data stream An
enbodi ment is inplene i D I R i EC, 1Ok
course, the user decogbggﬁggéﬁggﬁgggﬂkﬁp Q%é%?gﬁﬁﬁﬁm%ﬁgﬁ g?ﬁ%§%%éwgo
switch, or rapgeaters atréﬂeclqntikqﬁ:nslaﬁeoﬁmmdctmgmeapahhhnttlaaqu&heomperblc
decoders 508 out put decoded data_to the user input/output interface 306.
whi ch then r\f\a'ldééhﬁt m@“dd%ﬁfé\f‘&iﬁl abhe deauilirlenersi YHera dReyvibrrewnaBSsive
Any or all lé lonent@%n the enbodi nents in Figures 2 and 4 or
Figures 3 aﬁB' ‘%éﬁSB§CVW$f fted on a single card, respectively. In one

15 enbodigrent of the RYQREF @BcoddRe S69BRYED A 'f'ro'r:ﬂ aw r&cﬁ&@loﬂ X e

inplenented in a single card from Packet Engines. Simla t he conponents
i n Figures 3laandstdblastedi bpl tbreatoadeisn4@2 si ﬁgl‘@\GﬂT[ﬂufl’lmmlRa‘CKaIOdEm;]iSIGBS. o
course, those skil]Jed ip the rel eyant ar rematethat articul ar
physi cal |oé1§f?<§ﬁ Jr"é’rﬂ'% EOERIFASE Foma ﬁﬂféﬁ"u i‘]él“le”Br Aﬂ?@m?eglr@wnd 5.

respectivel grrtgg t '
Transm ssi oﬁs é{hgk&ee@g%‘t ﬁ%%&?g"?’qnppiﬁ% thel ,tp& ure |°§)uR®fNPlc>dw{P |ragr am
of a downli nkccuadraat)sansrhc51$m;ﬁmnanntdrxampt[Mrmm&&aﬂﬁﬂﬁx perépraradwilk t he

central netvvork 102 downlink transm_ssion conmpaonents, the user network 104
downl i nk!t edb®eaBn capabiBR&GH3LIISS arldie: wer gacpdersr Y Aepws drsodedsdatyHe

process 600 ﬁ%gg cr mﬁ tlgétﬁﬁ rﬂgrhg\hgp \Qﬂ[lthr ﬁu.nzngqgﬁgal ﬂ\tcedz}/tapgﬁﬁ%htg HLeP

604. In step rou her rrecei ves om t'he
peripheral netphédsndiOordesdgnated for recipients in the user networks 104
or other central networks 102. 13 JAN 2003, WO 00/ 04660PCT/ US99/ 15973
Any or all of the components in the embodiments in Figures 2 and
4 or Figures 3 and 5 can be implemented on a single card. respectively. In one
15 embodiment of the invention. the components in Figures 2 and 4 are
implemented in a single card {from Packet Engines. Similarly, the components in
Figures 3 and 5 are implemented in a single card from Packet Engines. Of
course, those skilled in the relevant art will appreciate that a particular physical
location for the components in Figures 2 and 4 or Figures 3 and 3. respectively, is

20 not essential to practice the embodiment.

Downlink Transmission and Reception Operation
Figure 6 is a flow diagram of a downlink data transmission and
reception process 600 performed by the central network 102 downlink
transmission components, the user network 104 downlink reception components.
25 and the peripheral networks 105. The process 600 starts at step 602, where
control immediately passes to step 604. In step 604, the central router/switcher
204 receives data from the peripheral networks 105 designated for recipicnts in

the user networks 104 or other central networks 102.



In step 606, the central router/sw tcher 204 routes the data to the dedmiNadlil]
downl i nk” si gnal processor 206. where in step 608. the data is processed For
transm ssi o O¥8P#§0t he encoders 402, nodul ators 404, nul ti plPEXASEY/YB and
po\%r anplifiers 408. Follow ng encodin u)nndulation. mul ti pl exi ng, and
S5anplifying, in step 610, the central tr mt antenna 208 transmts the
data into Free space on the |Iight cone 106. In step 612, the

user antenna 302 receives the |light cone 106. The user downlink signal

processor 304 pr ocessefn he, gb‘g‘hghec&ﬂ?mgg&g#ﬁ%\l}l‘?m)c\‘el0t4hl%ug&t @e‘;c{agz(pntcg ?@e 614

carrier, and to separate olit one or 1nu he channel’s. ™ n

the user i npuni@Utdastniinit sichal 8reQ8srexlds whaad idatep 608, e draris phdaked
networks 105. as indicated by step 616 and/or to the user equi pnent and
devi ces 308, larriginsaiesiopyssiephoed;odass dphmoptulatoes 4661 moliplexest ¢p6. &b and
618, operation of the.proc 600 s .conpl ete. as indicated by step 620.

Upl i nk Transh?%s| d%ﬁ“@h@“ée?@%u glr)Pl ‘Y‘U%pﬁ}cgdﬂ‘é’ﬁ ’Q‘HFIBH‘*?'OP'S ”é“%?%él@ﬁi %F@‘?am
of i1lustrathugiiFagh, HE5WRIe10lQde CRhiNK RIS A B 5, : % dd?

peri pher al né‘t 1[;3@ .‘%05 s[\gﬁds dat a forr trrarﬁg{r?r?ss'i%@lﬁp?gg?ﬁggggﬁtt?eaﬁaiﬁgtn\l/\%r ks
102 vi a the (rsespaceput fheuli ghutconotlditf ace 306 and/ or the user equi pnent and
devi ces 308 and sends |t to user uplink signal processor 702. The user

upl i nk signal processoff 6 - e EsqrrBt a3 G2oreepieey iy il cgne dffa B2 for
transm ssion into f . I At L1 gh i S
recei ved by P%g dg)é\ﬁ lﬁﬁ] §%®§§B? s?gggz.ﬁp#h}é)gg”s‘gg?li&“pﬁFhﬁ(p(slﬁcg’#\%)?%F%é\gggbb
i s descri beddamreohulhkeycdeebQwnd tohsapatfe encent @r mh@ur& Be dhbge 8nissen

bl ock diagramof illustrative central networks 102 uplink reception
conponent'8. Al-béhe pagr inpudpy@uatieriee 3Ypsands shitelstadigt e psriphesalstdtiosks f r om

br ocessor 80l -ana Ryt 8L PR SRR AL Rt e B SR RL v, R, e
central rout gidicied BhRIe2OP8. dEhihpeemidial FoNewvai aemp & P hed 624 dpepiidiPbf the

operation of the central router/switcher 204 and the central uplink signal
the process 600 is complete. as indicated by step 620,

702

Uplink Transmission and Reception Structure
[3 Figure 7 is a block diagram of illustrative user network 104 uplink
transmission components.  The peripheral network 105 sends data for
transmission to the central networks 102 via the uscr input/output interface 306
and/or the uscr equipment and devices 308 and sends it to a user uplink signal
processor 702. The user uplink signal processor 702 outputs the data to the user
20 antenna 302 for transmission into free spacc on the collimated light beam 108.
which is received by the central networks 102. The user uplink signal processor
702 is described more fully below with reference to Figure 9.
Figure 8 is a block diagram of illustrative central networks 102

uplink reception components. A central receive antenna 802 receives data

1~
wh

transmitted from the user networks 104, processes the data using a central uplink
signal processor 804. and routes the data to the peripheral networks 105 via the
central router/switcher 204. The central system controller 210 controls the

operation of the central router/switcher 204 and the ceatral uplink signal



13 JAN 2603 WO 00/ 04660PCT/ US99/ 1 5973 13 processor 804. The centrall 3iplAMig603
signal processor 804 is described nore fully below with reference to Figure

10. WO 000{8%%ure 9 is a block diagramor illustrativePTEe$IMUsII3nk
si gnal processor 702 conponents. The il IS trative user uplink signal
processor 702 5 includes user nultiplexe 902. user nodul ators 904. and

user optical transmtters 906. The nultiplexers 902 operate simlarly to
the nultiplexers 406 in the central downlink signal processor 206, in that

E:gﬁernglnzi Iror:JI ﬁ?’géwgg?gﬁaﬂg}&gr o pﬁéﬁﬁ‘ﬂﬁﬁéﬁg@eﬁ@ on%chm gues. fuflused

filter coupligfsw \onh$@1rerd,1c@momj«lvarbploexers for 10 exanple. The
user modul ators 904 operate sinmlarly to the nmodul ators 404 of the central

downl i nk si gnal pr oceskigure®s.is szrbl@&amipqgcgamt pé illsgrativedusert opknioosi goaln
i rrpl enent severa 1 ONn SC

communi cat i &{Qccﬁsﬂrwgség'ﬂgg‘fuﬁi‘ ?ﬂé“ 'lrLWgrﬂ{”Brilsc'f h‘@nl}‘géﬂ"fﬁ@ﬂP%{%Pg 94 are
15 inpl emﬁntlﬁ@ d@s‘{@éxjmﬁﬂg}'l‘é\e% bes, REr l%%hura%[d@o%hwmppg@?nﬁag@%HLJFS arc

via optical er The us optical transmtters 906 pe nown
optical si gn‘HlG.prBlo:cessmlmlglwnr:t 882 daicaatprsimvilatly mutlputmmoplthersu&@(i ianthenna

302. An ill ustrati ve i gl cal transmtter 906 i ncludes a | aser,
anplifier, awdtalderadin p%sn«*mr%méwooq thaydlae myplpipleses o2 mneﬁraétr@r ed

by N ead 0
a1 ow & 1 bor FBRE s MR R P DN R PR VAR S TS RRERLAVER R & e

| aser |ight luaﬁo@awesmmmmt mchrlmmltﬂelf&mldplecr gl drhiug. mmmnﬁmnﬁmedeﬂsnm free
space). The output of' the user optical transmtters 906 is
sent to the ¢g@plgnt enna 302. which transnits the nultipl exed and nodul at ed

contral netvorks 102 1 aervs WpARERR HEobdoic niEL A oRbURh T e

e CO pr OCGSS I

using the centricahtriPddwklist ginah) PoeeRSD06.8P4r c i >l§an§l usdemdadiatdre 9agy of
t he peri pheral networks 105. Figure 10 is a bl ock diagram of

i 11 ustrativecafienmpigmert quallc)ﬂ)qsppf n\kelbcbnpb'nentcslulaA@nFs@mf@eslmssaoﬂw t he
cem vl ool iBBI AR S0 MG el BB B e o hee .08 Trom

[5  implcmented in well- knox\ n Ethernet PCI cards whose input and output are via

optical fiber. The user optical transmitters 906 pcrform well-known optical

signal processing on the data prior to output to the user antenna 302.  An

illustrative optical transmitter 906 includes a laser. an amplifier. and a telescope.

This cmbodiment uses a tclescope manufactured by Meade in [rvine. California.

20 whose eycpiece has been adapted to allow a fiber optic ¢clement to be inserted

into the eyepiece (so that the laser light can be sent into the telescope. and thus.

transmitted into free space).
The output of the user optical transmitters 906 is sent to the user

antenna 302. which transmits the multiplexed and modulated data as the

[0
W

collimated light beam 108 to the ccntral networks 102. The central networks 102
receive the collimated light beam 108, process it using the central uplink signal
processor 804. and send the data to any of the peripheral networks 105.

Figure 10 is a block diagram of illustrative central network 102
uplink components. As Figure 10 shows, the central rcceive antenna 802

30 receives the collimated light beams 108 from free space. The central receive



")4 antenna 802 receives the collimated |ight beans 108 using an opt BcdAN 7003
recei vi'ng antenna, which, in one enbodi nent of the invention. uses

hol ogr aphi c"VB/¢P54? el enents. The central uplink signal pro®&€38509/8023
includes collimted beam i detectors 1092. central denodul ators 1004, and
central denultiplexers 1006. The col | i met%ed beam detectors 1002 detect and
focus the collimted |ight beam 108 and provi de spatial offsets to
spatially separate and separately detect each collinmated |ight beam 108
whet her on i i ' ' vel: [ .

ot ect or s 1005 DA, eetler U LAMTHRAENEROLEImS TOB b Fp AP §8Biving

phot odet ect an&nngackhicieciai sticnémaodialdni et ®@ inveftiorheads La8obfpmia ogiiéfier ent
user network 104 or a |lower |evel node. The collinmted beam detectors 1002
out put si gnaluneysr esponding to the different collimated |ight beams 108.

Th tral i 8p2 tputs,th i . di th
i T1erent recel ved colMErnabEal fgh Sheaheras d o Uit B auhgh bfaor s
1004. 1 n 0ngjel 351002 "&itral §iRo&RhIoHTROGH DAL ASE @&hgn&né@&@ 006U HEhe

|
collimated |ight beam 108 onto a 1500nm detector that detects data at rates
i n excess ofcollinMopsheasSuditedetset@(?r détsctamad I(abisethé reohhi INRM dCh piutni aga tli08ns .
The central denodul ators _é004, denodul at? the carrier using wel]l-known
denodul at i o eRIYiICRISRAUYnPHBSIBIE SRARTyhachasal and oirpsEbEhedlelrsbeash by
t he user nod r el QY - A - | SR o
denodul at orgH‘ll%@cgrlggqﬁr%ﬁ@mle@g !lﬁrvéerﬁ‘ﬂﬁﬁcc)&nwﬁt%etr r'1§eT \\E’g’l%]d(r:@%gsﬁ The

The central cddimihtet Beaxerdsct@PS 1002 tdaar bs gpatlat ¢ thevovaviekasnighhisakagk i nto
spatially independent optical channels usi ng t echni ques conpatible with the
user mulkd pindREYdsiagpars. pachggedivingheclbmated Tigbhbeam gidsSxleps) 4 dodereahuys 25
wel | - known Lye LTt S cti. Liters, The . tr

denul ti pl exglr%?‘i%‘oli(ﬂght 1;pl)ul &?ira@gdtrgé heﬁ ggﬁ?ﬁ!ﬂ’b&?@&?ém Q\L/\'it'?gq%rlaé%)f,m%i ch

then makes tsh@atiaterépantimpl @ he difiercpercophtai@l Ineh ks 108, THScdPa|2GC8
WO 00/ 04660PCUUS99/ 15973 /5 Upli nk Transm ssion and Reception Operation

Figure 11 idceivs sncanadldrmuputashuplanals eemrespondimeniosicod fraseaipreceiyed
D cees 1100 RN S Ia sl AL ) AR NS BBl 852 S, B
[5 embadiment. the collimated beam detectors 1002 focus the collimated light beam
108 onto a 1500nm detector that detects data at rates in excess of 10 Mbps. Such
detector is available from MRV Communications.
The central demodulators 1004 demodulate the carrier using well-
known demodulation techniques compatible with the modulation schemes used
20 by the user modulators 904. For examplc. in one embodiment. the user
demodulators 1004 are implemented in well-known Ethernet PCI cards.
The central demultiplexers 1006 further separate the wavelengths
back into spatially independent optical channcls using techniques compatible

with the user multiplexers 902. As such. the central demultiplexers 1006 can be

| (9]
(W)

well-known passive splitters or selective splitters. The central demultiplexers
1006 output data to the central router/switcher 204, which then makes the data

available to the peripheral networks 105.



5 peripheral networks 105. The process 1100 starts at step 1102, WU?\N 2003
control immediately passes to step 1104. In step 1104, the user

i nput / out pd‘fop%‘yé?ﬂ)f/ace 306 recei ves data fromthe peripher afCHESRIBRE 105
and routes the data to the user uplink sjgnal processor 702. In step 1106.

t he user uplink signal processor 702 pror?esses the 1C) data for

transm ssion using the user nmultiplexers 902. user nodul ators 904, and user
optical transmtters 906. In step 1108, the user antenna 302 transmits the

data into fngQisIRaGanSMissha A1 Riet® @6h 0 htiggam 108 into free space. In
step 1110, the central receive antenna 802 receives the collimated |ight

beam 108 from free spd&cgurelbl nissheflobl ddaghitre afenhr aplinlpl datk shgemalssion

processor 804 invokes stepé 352{ thr(j)ggh 358 of the user. systemcontroller
310 recei ve "EGHREONGROSRsS [ pertarmed bithg sentmgpesrerkptGerksristramanission

collimated |ight heam 108 t - ta. froamthe ¢ Ler,. a t
cepar at e out e aiBThE k? RETRKE MOF SR CeBBAGE A i Rhus, (PEg | e
router/sw t gheibh@@4 neanstks tiat taé procest g 000stpas iapRedrll | OBt WaEleScdflpo] as
i ndi cated by st&gg 1114 and/or to other central networks 102. indicated by

step 1116. aswugsheiepr pagses tFelcpollifdy &1 efpp LHOHM thadised igutepepuitinorfaste t he
process 110Q,,.s complete, .as indicated by step 1118. ) |t is noted
that it can-98 qegg&%@ggngp\l,wefhtcopqrfrgwg?ﬁ r;{cqu%l?ﬁ ﬂla ‘U‘éieFO“ﬁ‘eSt\[/ufrﬂ%mll@ﬁ‘tco t he
central net \Q@E,kur;.[ﬂ-a( HahA$ré8s&oldol mated |ight beam 108 as 15 opposed to a
shaped and diverging lNight cone 106. as is transmtted fromthe central

network 102 to the usédn stapt Wobk stht Oskser Rgdinkxdnphleprachescr 102 patoessdsi dlat
beans 108 require | ess .power.. Moyeover, trgnsmtting usin he col ] i mt ed
PTant bl sl (e B P AdRe SREr iyl Exara A S enedula g . and
bi di rectionglead KA@MLt T .SSioaRS Le h { . b t he
nser et wor e BkalERSTMAEORES, oHE R e R PR, 98] tandfith o
Recal | that daleirconfneenspmmat ionnthsystlemafdiDliglstebeara. S ifto gureesdaceal kD step

supports conventi onal t hods of data_communi cation. Accordingly. the
comuni cat i o‘r‘eilﬁet”\’/ﬁmcﬁmﬁdeﬁ%{ﬁe QORI 894 decqivesathe F%’t"é’%n[%‘é)ﬂfgé‘gshﬁlaﬂi d0&i t n

the nmedi um qporﬁq;gpg@i‘]g@ti on. For exanple, the conmmunication system 100 can
transmit into free sSpace at one data rate and receive via tel ephone |ines
at a diffserent (e.g., lhewpr)lldatte caite! upihk sBack giroStssarc8@4 énvokes steps

BRI L R T T AR S T T
Figure 3B) and processes the collimated light beam 108 to remove the data from
the carrier, and to separate out onc or more of the channcls.

In step 1114. the central router/switchcr 204 sends that data to the

20 peripheral networks 105, as indicated by step 1114 and/or to other central

networks 102. indicated by step 1116. as appropriate. Following steps 1114 and
1116, operation of the process 1100 is complete, as indicated by step 1118.

It is noted that it can be less expensive to transmit from the user

networks 104 to the central network 102 using the collimated light beam 108 as

25 opposed to a shaped and diverging light cone 106. as is transmitted from the

central network 102 to the user networks 104, For example, the collimated light

beams 108 require less power. Morcover, transmitting using the collimated light

beams 108 ensures that there is little interference between bidirectional light

transmissions between the central networks 102 and the user networks 104,



10 transm ssion and routed through different network el ements and npy jAN 7003

therefore arrive at different tines or out of sequence. Il received out
sequence, tWEWMAHCYi dual data packets arc reassenbl ed at th&@CTAISEHEEE
destination. Figure 12 illustrates a data packet 1200 suitable

for use with the conmunication system 100.” The data packet 1200 includes a
payl oad 1202. 15which typically is the data content. For exanple, the data
content can be stock quotes. video/audio tsar a tel econference, etc. Those
skilled in the art w 'rke@HPP(h%?'tl?ctEbrﬁHy%ncfah@n Ras( hFPd)@ se@aé/é 3‘?&&@34)‘4?5@/
according to the application and may I ncl ude rn ormatron n

facilitate rsmappsesbtonwantiohel datthopsicketdatd ntommheicativgl nahkcabatiagbeqience.
20The data packet 1200 al so includes a header 1204. The header 1204
typical |y i rényaesicatigadiciwark dA0 saacosynymigstet Hadals sues £p@snanperate with

destination 18 el.enen or...rec whi ¢ a 1200 is
to be rout edp Sllvg)ﬂrlum At %xtngé FH8L: 1%20&% }L }i° ‘gﬂmﬂlgﬁdgé ﬂ@fm Wik
102, users netwRAdit 1, (e mu: RiesR! dngt ey Knd-%euoi \IthLlerh&v@hane\s?h
nodes is the designated recipient of the particular data packet 1200. Wen

t he reci pi entificrent 6ggi. Aewehedatapatet i cul ar address 1206 in the data packet
1200. the recipients accept the payl oad 1202 appended to the address 1206.
The data packet 1200 al so includes a cyclical redundancy check (CRC) 1208,
that is usedyig ‘df 18%IStBhEQe 1N the transmission of' the data packet WO
00/ 04660PCT/ 11599/ 15973 1200. Other forns of error detection and correction
may be used in place ohs desciribedadbldvd. ahe comnhimeciRm 12080 e usiat paghacket
1200 may al so .include error correction data under. any conventional error

correction n'*é‘t'ffd‘d”"*ﬂﬁ?@“a &y ke 436 dvidsdiing iﬁ‘dé‘ﬁ"é"lrﬁ"é‘b%lﬁlkaﬁetdu%fc
portion g10Q, 556 enkiaRReMP uGBlREA Qillﬁqrcnp ?ﬂ@ K tﬂ[l‘?lr iranmaéqﬁ rcﬁ f or
mul ticasting or broadcas ting sessions. In rative a packe 6o is
a SONET dat arpacketdifferantiimes oAmLmIdtesquatmc/;e 16 recst@ndar di keguenoet the
Protocol (EP) data packet, &; .g., IPv.4 (fPv.6) data packets wth | EEE

Et her net 802“§'“I*‘|"a9rh At packs °t%ﬂcirﬁiétsf-"@ﬁ"’ldtfb[Fié%wl{—‘“@ﬁla‘fc*l'ﬁmdﬁé embodi nent ,
data is sent fromthee h . t i ng
the |light cones 106, ang[]{<‘{1€Il l{ﬂﬁgétmlwﬁ &2% télgl\élt ?%bfgmé%zb\é%; gbnedgvgq}iv@r%gl ng

coherent |i ghimeaitatioSessstamh Hi@apqlﬂn.adiuia (Packegil OO dadledent payddid ¢poxrs 106
are radiated jn the substantially circular radiation pattern that
i |1 uni nat®es hghdypigplly garthe dak aqecniy efaprsquanmJﬁdihﬁgJatméontfat guhbe glock

net wor k_s 10n{uom!scm h!:(l)%ualot F‘}&a rlu(l: on%é?&ﬂél QJIE ' L[Ihldm, @Q lﬁ% ﬂl ?lﬁéﬁ‘gﬁl “Pf}rts

of the illu areas can bé asi zed, han hers.
in order to gpkidiae oy e\cspgnamasbnelngﬂ hrnzt\o\r@d?yomnrcahea@ thd“\SpplEcatlbﬁ agdse
with the theatrical spotlight, the |ight. cones 106 can be configured into

any shape. TR&Y r*%FdP@?ifdﬁ"ﬁaﬂ%rnﬁC‘#%’diﬂi fagBHats ereassp ey of thowiamackiiaiter
meter to ovep, b oftfal data sequence.
20 The data packet 1200 also includes a header 1204. The header
1204 typically includes a destination address 1206 that specifies the destination
nctwork element (or recipient) to which the data packet 1200 is to be routed.
That is. the address 1206 spccifies which central network 102, user network 104,
or peripheral network 105. or their lower level nodes is the designated recipient
25 of the particular data packet 1200. When the recipients recognize their particular
address 1206 in the data packet 1200. the recipients accept the payload 1202
appended to the address 1206.
The data packet 1200 also includes a cyclical redundancy check

(CRC) 1208, that is used to detcct errors in the transmission of the data packet



20ki | omet er s. Each central network 102 optically shapes t’ha JAN 2003
| aser radi %‘Q,@ﬁ@ 4géitterns into the narrow radial sectors containin

el evation s $8%% nt o which the wavel engths of infrared | aBeFUPHATS are
transmtted. In one enbodinent. the centtal downlink signal processor 206
shapes the |aser beaminto the desired 25 radiation pattern, with radial
(or horizontal) sectors and/or elevation (or vertical) sectors further

di vided into several channels. Each channel is allocated particular

wavel engt hs. [2B0USRhe€ Bitnkeo PEFHOAEHCRorVBYE LERGE RS Wely bdased Mep lﬁ@@bradr
networks 102 transmt a high-speed data streamto each user or group of
users on thenasklitgmetb. vwheeﬂ%&@gtlBOS Eatie vetat poeltctsElomaanalseaotludordreamt al
sector may have WD 00/04660PCT/ US99/15973 18 one. or re cﬁannel s of

di fferent wehPEICEHR HU2 YBSERABY CPRECIRIRARRBITGT PRFCClRT e cHiod ehas daig Paske! of
data. This ayypan nm)sq r t V. excess
0120 Tbps aﬁ{d'oga%&gg?g\wg%cghousgﬂ‘g)g‘og’? qﬁgg?lté léf*;'_]?)”\&r fnT% ﬁ%?ao?.{sr%otnéﬂsbla(ﬁ

i | lustrativeldur anfomnasiban guehnts 1@ 1mutidhsBngeet Obtcﬁ&tamﬁalé’r@é@lonéccol\dl ng
to this enmbodi ment, there are several horizontal subsectors, as represented
by subscct orlHtl%Lt@@za dampyakesdd04 3p2SO0NHaE hlaézzee@@rctnsﬁyrcwaele/\re@ltqrezarve is

nor  zont el <LnehEFA RN ELL RPN AP WA ade iSRG e PragBE e e e,

hori zont al suhsETOEIHIELERE. gqﬂ{n%nyertl cal subsector 1306a-c 10 can have
one or nore wavel ength channels (nof shown). When t he

comuni cati on system 100 communi cates using the transm ssion point 1301
with the sectorl zation pattern 1300, the address in the data packet 1200
specifies t HECYNP89M ate sector 1302 and wavel ength channel. It shoul d be

noted thay the highlypreenfrgfak ahl 8m.srl‘?1ﬁ’l%jd RRANS JIBK e ]énb’"e}?/&heﬁlgt bthr(tpzﬂ

frequency) reuse a non-issue using the communication system 1
sectors in tieevedsmhidi @atheomscsyrEnemksomhusmgtuhlchly amas i 1416l ynd,el[martat:ed.

and so an nnel sed,in a sector,. Thi ti aI euse, techni que
provi des )qu gl ‘h8?“‘édﬁg6nf'%?gg?l°89é’t‘"dég%‘rfﬁl‘f‘mf)?\h%f‘i ﬁéfp ev%hmaoﬂal
frequency r%ﬁ%@&tjﬁ{mé of&ER ngﬁe&ﬁ@wo@%@t&agﬁ%d E@m@éub@pnmng%wcﬁm si de

| obe interference Caused by vefl-known right phrasing enent ati on of
sect ori zat i ondianch patped tkatdildinvientgs mgycoxheﬂemm iodhthe b)eamsuﬂr@&n(hmgl tis si de

| obe i nt rfer ence and, hus avoj d need for freqguency-reuse
bohemee. Thro Genarmdivanks MoL Mk e tEHPieaD sepiehs d RS Bagee YaBRL 1 o
geonetric aﬂ%ﬁﬂ@@l%x%hﬁ‘iec%&a‘{ecra}é A@ﬁeﬁhﬁﬁchcﬁrdﬁns%uOBﬁEﬁfc'r"‘Qha?ﬁoM{%Yse' igngt h

(e.qg., approximately eighty tines t wavel engt Conversely, conventional
radi o ant enrmscrauoedcapfpr onomasiehyl tthegtane chogen ascatheAcas thecassawehahgt h,
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generate sevgfialiod %Hﬁérrpf—adxf Qah el MyRvhcr@Sraef bﬂ@%dﬂﬁEP'n‘%t@ﬁ (GRvEf ftelf
20  kilometers.

Each central network 102 optically shapes the laser radiation

patterns into the narrow radial sectors containing elevation sectors into which the

wavelengths of infrared laser lights are transmitted. In onc embodiment. the

central downlink signal processor 206 shapes the laser beam into the desired

|88
n

radiation pattern. with radial (or horizontal) sectors and/or elevation (or vertical)
sectors further divided into several channels. Each channel is allocated particular
wavelengths. A user can be assigned a wavelength such that the central networks
102 transmit a high-speed data stream to each user or group of users on the

assigned wavelength. Each vertical sector and each horizontal sector may have
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the beam WO 00/ 04660PCT/ US99/ 15973 79 radi ated fromthe transm ssion point
1301. In an"@M¥8i%ent. the transmi ssion point 1301 has shapetUus99/15973
sectorization designed to project a rougl;@/ circular footprint on the
bui | di ngs housing the user networks 104.~ course. the invention is not
limted by the shape of the 5 footprints. Figure 14 illustrates exanpl es of
various suitable footprints 1402a-f generated by the central transmt

antennas 20&nc\With6re ERarERIPoLATRTen G V| @TEhE EBhERbT tun@et$mnusaﬂb?r¢aﬁry208

is illustrated per set of light cones 106 transmtted, it is to be

under st ood tﬁhé@ast fl@r Gépamd] datat hBl1Eelmana¢mtmtamnnma¢hmtemmad£®8a1nsmﬂtlndes
several tel esco each cgg‘@\ﬁj e of eneratl ng g gr 3’ shaped radi ati on
10 pattern. “#B8¢ @x‘é‘n‘b‘fcéssg &P and ‘(’:‘bﬁ’é’vlfﬁt RESABERLFE HFCransmi t ant enna

208c generates a |i ghtFlQQ{}g 1§0§gs[\t\{ﬂbcﬂ{lpﬁl‘ﬁg§ﬂﬁ?\§u &y ?HHE’S%&?\[ h&int >'13‘6I1r\gghar

footprint 1402d. anot hefF | @éscope o tral trans ant enna

gener at ess ashctght/a@@mamnotmmw whihihepoodusan, eheselast antcral hotizontal
hept agonal footprints 1402c. Ot her footprints include elli pt| cal

hexagonal . dghticlahapedepreserdedify subsacears FI&MGXM&IIG and elf32ei fpchaekrtaro

Figure 13, the subsector 13 enerate an e foot,p The
subsect or 1(% aﬁﬁ\r/%a’&&%al S‘%é%%&%né‘? ?Br&s%rfl ﬁtby ‘Tﬂlés“éfﬂgégl?tog‘r' Hgogb&’tb
generates a [deRUlcaitaPest fiRPLBRIaNtsubsector may be (GRABePWRAASE h& another
overlapping radiation patterns is to deliver data at different data rates

or capaciti egbsastarheEaembobadmtali mgvsutmr dé&l@e andder patitilculbaccta0 13@@i-at i on

tt d det d t | udi th d
Chape. oft 1 heablekabRb o Aaremuaud et Gol Skl Tor example. that

ensure that the power W'Rchhﬁ\eo%rhﬁﬁﬂnm%'uaﬁalws'té*mei6(?Cutdn‘{r‘ﬁb¥|c'd&§'dxs%ﬁ’td lBe

The communi cation system 100 al so can i1 nclude an optical repeater 1
whi ch recei \zemsmnsfswm;nbrmdml witd lzhnplcctbnesuem tphecrroha0 vayc add@Ss in the
i di [ es 106 and. retransmits themto tge user

bid t | t
networ ks 104atapckept HG breaBEaE PRt s B T MR B GBI ¢ he
Lransmi 1ing.radiat | on, gRLLERSdREER Ry eBRRbAIIAN KPUSRCkakRS ar

ext ensi on bet ween cent netvvor s 102. The optical repeater e
depi ct ed jas vewvsianglte (ef dreuencyjasecusont @omissue tisjr e thee cemnemidatianssyistenar
pairs that q%b?CtThg es%%posrtsr#\(:tlhc c%?nn‘%@rwcgt(x)c?n system 100 arc strictly spatially
separated. and so any channel can be used in any scctor. This spatial reuse
technique provides distinct advantages over common non-optical systems.
Conventional frequency recuse schemes were neccssary because of radiation
20 pattern side lobe interfercnce caused by well-known right phrasing.
Implementation of sectorization and shaped and diverging coherent light beams
106 avoids side lobe interference problems and. thus, avoids the nced for
frequency-reuse schemes. To accomplish this. the central transmit antennas 208

use central geometric antennas that arc very large in terms of operating

o
i

wavelength (e.g., approximately eighty times thc wavelength). Conversely,
conventional radio antennas are approximately the samec size as the carrier
wavelength, so they cannot use geometric optics for their transmission sectors.
The transmission point 1301 with the sectorization pattern 1300
can generate several types of “footprints,” as defined herein as an area of

30 coverage projected onto the buildings housing the user networks 104 by the beam
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Figure 15 i n&é" 449 i1 lustrative topography 1500 surroundi ngCTHEFH3 al

net wor ks 102, by the sectorization pattej?n 1300. The enbodi ment 5 depicted
in the topography 1500 includes three hexagonal |ight propagation patterns
1502a. 1502b. and 1502c. In this enbodi nent. each sectorization pattern
1300 has 36 sectors, where one sector in each sectorization pattern 1300 is
r epr esent ed RiatclersRCHONFarE023da pbR2301. emdmle‘m@dmernesmeqtrdn\éﬁ{lysnorf\n
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susceptible to attenuation. A study in London. England of point-to-polnt
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5 square, etc. For example, referring back to Figure 13, the subsector 1302a would
generate an elliptical footprint. The subsector 1306a produces a hexagonal
footprint. The subsector 1306b generates a donut-shaped footprint.

One purpose for overlapping radiation patterns is to deliver data at
diffcrent data rates or capacities to the same building. Of course. the particular

20 radiation pattern used is determined by a number of factors. including the sizc
and shapc of the building that houses the user nctworks. for example. that ensure
that the power in the optical signal is effectively utilized.

The communication system 100 also can include an optical repeater
1404, which receives. reconstructs. and amplifies either one way or

25 bidirectionally the light cones 106 and retransmits them to the user networks 104.
The optical repeatcr 1404 compensates for dead spots in the transmitting
radiation patterns. The optical repeater 1404 thus acts as an extension between
central networks 102. The optical repeater 1404, while depicted as a single

element. may contain multiple receiver-transmitter pairs that detect, reconstruct,



The coverage area of the radiation pattern generated by the central
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at nospheri ¢Y@OHYPES ons. For exanple. in the city of Seatt| ePCHESIHIIEYL0N
which is known for foggy conditions typi g@l | y causing_ strong attenuation.
the radiation 5 patterns can be reduced one quarter Kkiloneter, as
opposed to the two kiloneter radiation patterns appropriate for sunny
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nul ticast sessialatedQRbeftb So afk@nluioh. t,hlestm id ¢3aloseERERAdI Slepdihi-ters is
associated with a set of unique addresses representing a Set of users. The
central netwoin lage2 convhudesica priodasad date onrrahsbisity tvat.twber combingd witht e

t he
a historical database, produced a weather database with forty years of data

collected on an hourly basis. With this kind of information. the parameters of the

(RS ]
wh

communication system 100 can be modified to compensate for certain
atmospheric conditions. For example, the power output of the central transmit
antennas 208 and/or the uscr antennas 302, radii of the cells, sensitivity of the
detectors and/or the data rate can be increased or decreased as appropriatc.
Similarly, the size of the antennas can be adjusted to compensate for any

30 anticipated attenuation of the signal.



15 nmultisession identifiers with each set of unique addresses for géﬁewm

of selected recipients Table | is an exanple of a rrul
session | deWPP¥948%0 tabl e suitable for use with one enbodi neﬁ@T’H\S”t”ﬁé”
invention. Table 1 lists exanple nultic sessions (1 through 4),
functional group identifiers (A through for the 20 functional groups

associated with a particular nulticast session, sets of addresses for the
particular recipients in the particular functional group, and recipients

associated with the umi h‘&%v@@%’ eCREL D[ ﬂ?eshﬁi”ﬁﬁd%&t?erﬁ%'e fte& bRNRLICRR{ NS
cast t

during the particular nulti session. Note ticast sessions
may have overdmsppi ngteneai p0Bnhsosuah bdhapredoermaniditentdexign e andtipded in
the nulticast 25 session, "1" as well as.in the multicast session "2.- Note
that the recipiospiesicoadHioss ghar syamps4an flrf-‘r%gﬁf Doat¢ W%*ém-é@féh\thl@h iher

2003 w0 00 dibeuPer vebs, reriTE Rl s pRYEE BB R H e

Goup | D yniguerddnassesuddiCorirenfuartdr kilometer, as opposed to the two kilometer
radiation patterns appropriate for sunny locations.

Other suitable modifications include changing the shape of the light

cones 106. changing the tint of the windows through which the light beams/light

cones are transmitted, changing the optical amplificr strengths. cte.

10 Broadcast and Multicast Operation

Recall that the communication system 100 broadcasts and
multicasts data from the central networks 102. During broadcast operations, the
data is transmitted from any onc of the central nctworks 102 or their lower level
nodes to all user networks 104 and/or all peripheral networks 105 and/or their

15 lower level nodes. for example. Any well-known broadcast addressing scheme is
suitable for implementing this embodinient.

During point-to-multipoint multicast communication. selected user
networks 104. peripheral networks 105, and/or their lower level nodes receive
data. This embodiment is ideal in situations where identical data content is

20 desired to be transmitted to a particular group of uscr networks 104 and/or
peripheral networks 105 substantially simultaneously (e.g.. during video
teleconferences).

[n this embodiment. the miscellancous portion 1210 of thc data
packct 1200. depicted in Figure [2, includes a multicast session identifier (not

25 shown) that identifies a multicast session and a sct of users that are the rccipients
of the transmission during the particular multicast session. The content of the
transmission that one member of a multicast session group receives is
substantially the same as the high-speed data that another member of the

multicast session group receives during a particular multicast session.



A 0112.3456. 7890 104a  0223.4567 8901 104b  0334.5678.9012 104c 13 JAN 2003

0445, 6789 0123 104d 1
WO 00/04660 PCT/US99/15973

32

Each multicast session identifier is associated with a sct of unique
addresses. Therc is a unique address for each recipient of the multicasted data.
The central network 102 transmits the multicast session identifiers to the
recipients, which usc the association to determine the unique address for each of

5 the recipients associated with the set of unique addresses. The central network
102 adds the unique addresses for the recipients to cach data packet 1200
received from the other interconneccted networks prior to transmitting the
reccived data packet 1200 to the specificd set of recipients.

Each central network 102 also may include a plurality of multicast

10 session identifier translation tables to translate multicast session identifiers into
unique addresses for the subscribers.  There may be one or more multicast
sessions identificd by multicast session identifiers. Lach of the multicast session
identifiers is associated with a set of unique addresses representing a set of users.
The central network 102 includes at least one translation table to correlate the

15  multisession identifiers with each set of unique addresscs for the set of selected
recipients.,

Table 1 is an example of a multicast session identificr table suitable
for use with one embodiment of the invention. Tablc | lists example multicast
sessions (1 through 4), functional group identifiers (A through D) for the

20 functional groups associated with a particular multicast session. scts of addresses
for the particular recipients in the particular functional group, and recipients
associated with the unique addresses designated to receive transmissions during
the particular multicast session. Note that the multicast sessions may have
overlapping recipients such that one recipient may be included in the multicast

session "1™ as well as in the multicast session *2.” Note that the recipients are

o
W

designated '104a through 104d to represent cither several user networks 104 or

several of their lower level nodes.
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Table 1
“;‘:;2‘;‘:( %‘::}C‘:;:”I‘;;I Unique Addresses Recipients
I A 0112.3456.7890 104a
0223.4567 8901 104b
0334.5678.9012 [04c
0445.6789 0125 104d
2 B 0445.6789 0123 104d
0223.4567.8901 104b
0334.5678.9012 104c
3 C 0445.6789.0123 104d
0112.3:456.7890 104a
4 D 0-145.6789 0123 104d
0334.5678 9012 104c

Figure [6 is a flowchart showing an illustrative multicast process

1600. The multicast process 1600 starts at step 1602, where control immediately

5 passes to step 1604. In step 1604, one of the peripheral nctworks 105 transmits

high-speed data and a multicast session identifier to the central network 102. For

example, according to Table |, during the first muliicast session, one of the

peripheral networks 105 transmits the functional group identifier "A™ to the
central network 102,

10 In step 1606. the central network 102 receives the high-specd data
and the multicast session identifier. In stcp 1608, the central network 102
determines the functional group associated with the multicast scssion by looking
in its translation table. In step 1610, the central network 102 determines the set
of recipients in the functional group.

t5 In step 1612, the central network 102 dctermines the unique
address of each recipient in the set of recipients in the functional group. For
example, the central network 102 looks in its multicast session identifier
translation table to determinc the unique address for the sets of recipicnts
associated with the functional group identifier “A.”™ In step 1614, the central

20 network 102 adds the uniquc address for the sets of recipients to the high-speed
data received from the central network 102 and transmits the resulting high-speed

data to the recipients 104a-d. Once thc high-speed data has been transmitted
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Figure 16 k@q@omﬁks%v"‘:ha” showing an illustrative nulticast PDrocess 1600.

The nul ticast process 1600 starts at step 1602, where contr&T/ﬁJWa?"étely 5
passes to step 1604. In step 1604, one of the peripheral networks 105
transmts high-speed data and a nulticast session identifier to the central
network 102. For exanple, according to Table 1, during the first nulticast
session, one of the peripheral networks 105 transmits the functional group

identifier {rém3hteehingl ganoriallODnet werkcipRats 104H-a. tHeapukRAs: pldeescEsu0 al
network 102 receives the high-speed data and the nulticast session
i denti fi er.cnds. s%tiegicn6oBby step lédhtral network 102 deternines the functional

group associated with the multicast session by .l poking, in its translation

table. In step 1610, H%“@éeﬁit\thé“ We‘i‘b\@ﬁpiexi’b%“égt‘@PMIHg?\E‘F}%S%@‘E“"Eﬁ fsél

recipients phn {"@ARMChb@REks A0QUM{Ter trom the multiplexing and demultiplexing

5 schemes used by the user nctworks 104 in that the central networks™ 102

multiplexing and demultiplexing schemes have additional levels of address
translation to accommodate routing of incoming 1P addresses to the appropriate
addressees. The additional routing is implemented in the central router/switcher
204,

O All of the optics described herein can be enclosed in a “black box.”™
such as a Faradav cage. to isolate thc optical components from outside
interference such as extrancous optical frequencics. Enclosing the optics in a
black box is less expensive and simpler than conventional methods for
eliminating outside interference.

[5 Recall that the central router/switcher 204 connects the central
nctwork 102 to the peripheral nctworks 105 and to the user networks 104,
enabling data to be exchanged between them. Recall further that the central
router/switcher 204 supports NICs implemented in a G-NIC Network Interface
Card available from Packet Engines. Figurc 17 shows an illustrative central

20 router/switcher 204 implemented on the G-NIC Network Interface Card.

The central router/switcher 204 in this embodiment includes a
gigabit uplink port 1702 and up to two server ports: an optional gigabit server
port 1704 and a 10/100 Ethernct server port 1706. The central router/switcher
204 also includes a glue logic and memory control processor 1707. The gigabit

25 uplink port 1702 receives data packets 1200 on its input and sends the data
packets 1200 to the output of whichever server port is active. At the same time.
the central router/switcher 204 sends any data packets 1200 received on an input
of the active server port to the output of the gigabit up link port 1702,

[t is noted that all data packets 1200 coming from cither server port

30 1704, 1706 will be sent to the gigabit uplink port 1702, but the data packets 1200



151 n step 1612. the central network 102 deternines the uni que addr sk JAN 2003
each recipient in the set of recipients in the functional group. For

exanpl e, t NeOd¥MPY network 102 looks in its multicast sesgpgﬁjb??ﬂﬁﬁﬁfier
translation table to determ ne the uni que. address for the sets of

reci pients associated with the functiona ) group identifier "A.- In step
1614. the central 20 network 102 adds the uni que address for the sets of
recipients to the high-speed data received fromthe central network 102 and
transmts tNeniag b i dyie osaek gﬁhalm HEQideRCP! GIHcs s%%-sﬂm gg, the
hi gh- speed data has been transmtte WO 00/ 04660PCT/ US99/ 15973 34 fromthe
central netwotié \LidPbe Gitkted nedicpilentorid @ddnemaotvecomulot ipcastsspr 6ZEEsTRS00
ends. as indicated by step 1616 , It is noted that the

mul ti pl exi ngSafily dBendria plckgisniz 0cmeping theeliltgyreaniscvents will hetsrat kstheo?2
differ from, [ ' | ti, pl exj:n chepms . t user
netvior ke, 104TPEOTHLE SERET AR P B FHBRaT BF SPERT 3R Bor o2

denul ti pl £xi (igers cloeswed have radrési I blyexadeptifh @ddr @es dafaapatiadts orzeoo
accommopdat e routi n? of incomng IP addresses to the appropriate addressees.
Q

The addi ti onddstinesifarrgparsicilap Edrenttadldresst he tisieenrtwidiment. éh¢ gigabahginko4.
10AI 1 of the optles gescri_b(-:-bcglér h(ﬁre{) can ‘Ee engl osed in ,a "bl gck 0X. - such
2s a Far aday Sabi02 o0 Lotalrigorfash fohdhe FEs ApaHBRL Sot ke e BF ge 1h one
interfer encecrﬁtbtﬁhmlféﬁt.emttérﬁﬂﬁ%? P pedsImdd %9%?[18&&%1@%%%25@% URGeOffel CS

in a black box 1s | ess expéensive and sinpler than conventi onal nethods for

el i m nati ng puvsivef a2 ns@mearercHd.

10 The central router/switcher 204 in another cembodiment s
connected {rom onc of the server ports directly to a matching port on a host
computer system located at a user network 104. In this embodiment, if the
gigabit uplink port 1702 uses the same Ethernet address as the port on the host

computer system, the central router/switcher 204 supports only that host on its

"N

gigabit uplink port 1702. This is because thc Ethernet address of the host
computer system is programmed into the central router/switcher 204.

In another embodiment, the central router/switcher 204 “auto-
discovers™ its Ethernct address from the data packets 1200 scen on the scrver
ports. Alternatively. central router/switcher 204 is preprogrammed with the same

20 LCthernet address as an Ethernet card assigned to the host computer system.

Some Additional Features

The communication system 100 increases both the transmit and
receive communication capacity of conventional communication systems. The
greater capacity is important to note because standard tclephonc lines are being

pushed to their limit and can provide only approximately 60 Kbps of data

to
i

network connection. Other network alternatives have been developed but have
their limitations as well. For example, ISDN, once thought to be the wide area
networking solution of choice, is limited to 128 Kbps. The newly touted ADSL

services are limited to cight Mbps and are asymmetric (fast in only one



15Recal | that the central routeriswi tcher 204 connects the central hétMNkZ[][B
102 to the ‘Peri pheral networks 105 and to the user networks 104. enabling
data to be“&®H3¢§ed between them Recall further that the B@HUSHI5973
router/sw tcher 204 supports NICs inplengnted in a GNIC Network Interface
Card avail abl e from Packet Engi nes. Fi gu>r6e 17 shows an illustrative central
20 router/switcher 204 inplenented on the G NIC Network interface Card.

The central router/switcher 204 in this enbodi ment includes a gigabit

uplink porty17 and u : erver rtsy .an [ ly, Qi i t,server
port 1704 adr%é‘cg‘%ﬂm O@%%lﬁé¢1§9t§§élr'Sérpg%gbf%l io?’ﬁ%lﬂgéfh@@ér%%‘rvg?‘% iy Y5
router/sw tm\eb;ﬁ%awysa_dveﬁllgde\abgs.qlemﬁngqmés@ \Aidd AFBTRENYERNESIRI0| PaipEessor
1707. The gigabit 25 uplink port 1702 receives data packets 1200 on'its

i nput and sevsnalfienakdaguasacket s 1200 to the output of whi chever server
port is active. At t sane time. .the central router/sl, vitchcyr 204 sends
any data packets 120??%6@?%&6&@?‘?'6‘1&?“5@&" of lirhé‘ éé‘t ?t(i‘é‘dé"é Yepoispeck o t he
out put of the,Ybeabi ithd MK 1PRIIE, i B ES) NofRd. thalal kets
1200 corni nlg Cf)[?)o%ﬁe% Esﬂtgyltgée%e‘?\gp%?%ﬂ%%l%%[e@logﬁ%gfI'sqgctlel@erl}ﬁl@'[%{ékast E@F

gi gabi t uplitnkinptatd ddvelintbraicd frendasa2 st SIML2MBL told &I AMGROESs WS,

00/ 04660PCT/ US99/ 15973 35 caoming fromthe gigabit uplink port 1702 desti ned
| or eitherl®&\earrapges itgolionyobdalinrs and requirasrysarolp 4amdoyyl ue | ogi ¢ and
menory control processqr s, .only the data packets 1200 neeting
the filter requi rerrenrfsl&sg’c{/\n_%&lﬁ)ggréa-g?r{p&t drey %&lgﬁﬂﬁlg i it ‘{ Eﬁlé‘@?@/i‘rc]r‘ﬁ‘g???=“1s7o4.
1706. At a it yecohhifubtgad maddRld NRVRIRF 1.NBOZ2is Shoki ikt &F BequeeedMeth Hat a
packets 1200 by accepting only the data packets 1200 destined for a
particul @r IErert wéthe qapiresost ¢indarnpgingripodn b, tiche appepabia beiphiupkepor t

1702 al d k d | ti t dal Kk .
erbod mont TR 0 6oy o6 CBPT SAEH OB Bt bt CYOmbEr SueRaly e

purvi ew of \ahidh§ylad¥StAwIEK QAL |iAHITEE s GRBMI AbwEIQUESF &S b IBh AT a2 @aiiRi@not her
enbodi nent is connected fromone of' the server ports directly to a

mat chi ng pohe sigs of dwtoworfratiés’s dysiness Larcaomly 4k togdLs@rcunenvoutomos. | n

this enbodi ne i f i gabit uplink port 1702 uses the sane Ethernet
addr ess as CtOHgJ BRY4 l@Q?\gﬁ‘?g%(?gfs'c@}rb%?lé“}%léb%PBH?aItCI‘?é‘"EBWtCPHP” System 100
router/ ssv taRYor@ith] BARNRAS &5 1@ M shAdE o Qh ceﬁc&rtr&céegtahgamf{s. uplink port

1702. This is 'becausé the Ethernet address of the h
The communication system 100 may only require 30 percent of the

capital cost of an LMDS (or approximately eight percent of fiber) without the
two Gbps limitation of total capacity per cell. Recall that the communication
system 100 has the ability to communicate at 2.5 Gbps duplex or 1.25 simplex
20 per channel, and its overall capacity per system may be in cxcess of two Tbps.
This capacity is 1,000 times higher than LMDS and translates to significantly
lower infrastructure costs, and the ability to undercut competitors’ bricing and/or
outperform competitive offerings.
The communication system 100 accomplishes thesc staggering
25 speeds/volumes by combining wireless, fiber. and networking concepts to form a
unique network that has the ability to deliver terabits of information around the
world in a very timely and cost-efficient manner,
The communication system 100 antennas are similar in size and

shape to a small dish antenna of the type that can be found on many rooftops.



conputer systemis programred into the central router/switcher 204.1 3 JAN 2003
I n anot her enbodi ment, the central router/sw tcher 204 "auto-discovers- its
Et her net add? B&%%¢% om t he data packets 1200 seen on the serREFUPYHEY3

Al ternatively, central router/swtcher 2,074 is preprogrammed with the same
10 Ethernet, address as an Ethernet card ‘assigned to the host conputer
system Sone Additional Features The communi cation system 100 increases
both the transmt and receive comruni cation capacity of conventional

conmuni cat i ggueyet,eife ditenfisLahsy E&pgiatéy b&ih@pﬁfkﬁf&ox;&ogﬁ%engﬁ& se
standard tel ephone lines are being 15 pushed to their |imt~and can provide
only appr oxd¢mbemgnemukbeasief it motiepva K imstaieions.on. O her net wor k
alternati ves have bee %gel oped but have their limtations as well. For

exanpl e, ISDN, once t t theo sehnqieawn Hataths sRIDAWAKGIHENs SYseMon!
choice, is |jm pS,. t ) D Vi c re ldimted
to eight I\/blpsrr;ril gh‘%ﬂgﬁ g“é%gn%%t‘ﬁ‘gﬂ{\f%@? Mf%moﬁlldi} \gﬁ@ Oﬁj\z/‘\bﬁﬂu ifdméless. fof

00/ 04660PCTIRA9L 31297 hodvdi N eled icentrhih@edowlsi 6 .cakxbsthneh PeidRRaknd
computers (PCs) have the ability to network |locally at over 100 Mops.
| eavi ng t hedepupidget spea thetseeekanhechhdrogrgien axt welels yihi nadbbngtsize and

building location. Moreover, as described above, the communication system 100

has a very advantageous channel re-use property, allowing significantly lower
costs. significantly higher capacitics, and greater bandwidth,

10 Using a very simple example. assumc one central network 102 s
scctored into 120 three-degree sectors. with each sector delivering 100 Mbps 1o
2.5 Gbps. In this very simple example, this single central network 102 has the
ability to deliver 300 Gbps to a large number of users. With the addition of
additional channels per sector, the data throughput increascs significantly. By

15 using eight channels per sector. the optical communication system 100 has the
ability to effectively increasc the data throughput on a single local central
network 102 to 2.4 Tbps. Such a central network 102 could supply 100 Mbps
scrvice to 24,000 concurrent users. This far exceeds conventional
communication systems. The only close competitor is LMDS. which currently is

20 limited to about four Gbps per cell site.

Many of thc eomponents in the communication system 100 may be
implemented using hardware, software, or a combination of hardware and
software, and may be implemented in a computer system or other processing
system. In aspects where the invention is implemented using hardware. the

25 hardware components may be Application-Specific Integrated Circuits (ASICs),
or a hardware state machine. [n aspects that are implemented using software. the
software may be stored on a computer program product (such as an optical disk.
a magnetic disk, a floppy disk. etc.) or a program storage device (such as an
optical disk drive, a magnetic disk drive, a floppy disk drive, etc.). That is,

30 software may be available from a removable disk or from code downloaded on a



The nost publicized attenpt to break the bandw dth bottl eneck 5 | 7003
i ncorporates satellites in lowEarth orbits (LEOQ. These satellite n t%\oﬁ\g
can obtain Wgtoﬁ/oif(g?/m-l ink rates from 1.5-28 Mps. The cost PeTHEN'BY7t hese
systens, however, ranges into billions o 8doIIars and requires years to

depl oy. Fi ber optic and LMDS are al so avail abl e and pl anned
technologies in the tel econmunication nmarket. While LMDS is thought to

require only 25 10 percent of the capital cost of deploying. optical fiber,

there appeargarti@rive, dviotdver, the Bbftwhe@ahfigaludé Bodd XofdiRis Phodateduchrafdic
capacity per lour kilonmeter wide cell, which places a significant limt on

syst em gr owt ReadronledMepbey (REMh Papgammibde ROM 11x@ M) odovwt vwmt®eaof | e' s
busi ness core, .onl 0 cq re tomers could have 100 Mops
access. In c‘éihﬁ"’é%'%/l,edrg%éﬂ’ég‘f'gcﬁwﬁp@ﬁq/{oﬁ‘cs)ystem 100 15 can
potentially serve up t Qf ol PN U - i
Rﬁ%g&f‘m@&ﬁg%ﬂ%ﬂ?ﬂﬁf’m %&ﬁ%nﬁ%ﬂ%ﬂ]&% %%H?ioo uses

The comruni cati on syste nly require 30 percent o e capi

cost of ap LWVBSkhownafimexDixdsiehyMelipht Aese(TDMAST iheiniqidst howtTDREAT wo
Gops Iimtation of total capacity per cell. Recall that the comrunication
system 100 hahtuser a50woeky 194 i avanst caceoramore F0dYPstimngpsles kascd. g the

si npl ex 20 pgf. chan rts,qverall capacit 2 system may be in
excess of tmgﬁaf‘é%?: &%FL{FISC%ggbg%i 93‘ !rgﬁh‘, %fﬁ‘gﬂﬁ %évﬁﬁ§ﬁ8¥"1’}‘\3 m@l\/ﬁéﬁaﬁ%h
translates t@nsi Qitihg BNt ohAVETDMANARE 51ES. UNEh&OBE TondRdnichGoBldichy tO
under cut conpetitors ricing_ and/or outperformconpetitive offerings. The

communi cat i o0& yseer DA accbngbishds tomsuvindtdipgesy tgn2508 peedstuloiplares by

conmbi ning Wi rel ess, fibe nd  petworkin epts to forma unigue network
that has ([)hes"ébf‘l?i b3FTe @chgfﬁ\?erl[}?e?‘éb?ri‘sgg@w&f g‘?%ﬁoh“%?ou%d“f]ﬂ'g‘%ﬂ din
a very timel yiaadidrOstad®hd (61 BMcAHBRARY 1o receive only cerlfIR GIRTTRARL Rd 1dQth
system 100 antennas are simlar in size and shape to a snmall dish antenna
of the type $tham farcabk usoumetwork h@hy rooftops. WO 00/ 04660PClI 7US99/ 15973

37 However, the antenngas may be placed behind a w ndow gl ass,. makin
depl oynent much easi ergt ﬁ%\%@(’f%frﬁﬁb‘gﬁhl(ﬁo} r%‘Pé\W)aFP‘Eﬁ%‘?aqcs sssignments i | e

the technol OQDMR‘%mEtlf‘?olgpWic@@ﬁ&ﬁ%%é%fﬁé@ﬂlésnﬂ{g{’@kﬁsﬁg?&i’. w5, fiffe @

radi ation pattern radii well over three oneters. ahl ‘cores,
however, |fhesloentar@irtinetandrekecd@d?. can bc nuch snal |l er and dependent upon

| ocat  on. ot eover . asl WUSBPREH @400 REETERATE 4ttt g8 A0 M Meas o
Lo P NS MR YOS R L S Gl
as “open shortest path first” (OSPF),’ which is a link statc routing algorithm that
is used to calculate routes based on the number of routers. transmission speed,
20 delays. and route costs. Interconnection of the light cones 106 and the collimated
light beams 108 can also be accomplished using other well-known routing
algorithms.
Figure |8 shows an alternative embodiment of the communication
system  100. This alternative embodiment wuses a multi-access
25 receiver/transmitter (MART) 1802 for both transmission and reception. The
central network 102 is connected to the MART 1802 by a transmission link 1800.
The transmission link 1800 is a hardwire link. such as a telephone line or fiber
optic cable, but it is also possible to usc a wireless link (e.g., radio frequency,

laser light, etc.). Additionally, whilc Figure 18 depicts the central network 102



10Usi ng a very sinple exanple. assume one central network 102 is sdc3 olfdb 2003
into 120 thyee- g ree sectors. with each sector delivering 100 Mips to 2.5
Gops. I n th'8 % P'% sinpl e exanple, this single central net wBFK'UBBY1H13% t he
ability to deliver 300 Gops to a |l arge er of' users. Wth the addition
of additional channels per sector, the d4ta throughput increases
significantly. By 15 using eight channel S per sector. the optical

comuni cation system 100 has The ability to effectively increase the data

throughput amdahei N ET ! 808l af 88k aeph@tatd Tkmbt? cbﬁhp%nélmIbnsls apsrlciated
central network 102 coul d supply 100 Mops service to 24,000 concurrent

users. This thartheda&ds18bhoanbé D/mdaln dorromalaattivonk $03t enms. The only cl ose
conpetitor is LMDS. 20limted to out. four Gbps

cell site. Many of the l@o&agﬁ\eﬁt ”iorllléﬁéof‘rﬁ‘m‘l‘ﬁr@at‘@‘i‘ st‘éﬁf‘loé‘aﬁﬁ@ﬁ"be

i mpl emented sl g I'*’%rSd’(rf\gc{ CenSflf E‘@Qe’anpcrnn% g@aDI ?ﬂ% | QR of [r?ﬁ{rqwa{rﬁ

software, and may be i enented In a conputer system or processi ng

system |5 aySent Sigtherld hﬂ&ecozma&ryc |ceatedsati thp| cenesit @tihesd Rpbai ebvaemiralt he
25 hardwar e conponents é} Application-Specific |Integrat ed Crcuits
(ASI Cs), r rauha@ ananBase eorﬁ’%{tfm’@f@“Célﬂwnaslﬁ@@f)sﬂblhatr qriestppgs. dhesertdalusi ng

sof twar e, e ,stor. ut er roduct. (such
s an opt | carSrUiAn SR A 5 4ROREAE PRy Ry P LAl BFeG
storage deviAirhbyedeids aafer@nt 02 iHiiskd AT begn g acdRANBL IScatdBk Or {vVaisod
fl oppy disk drive, etc.). That is, 30 software may be ‘available froma

renovabl e dipsesidfe fo ose dbelsanowptsatddvion a raBnliANNZO@8cive i wavelength

[0 scparation between the transmitted and received signals is adequate.
Downlink transmission [rom the central network 102 to the user
network 104 and/or the peripheral nctwork 105 uses a concept of splitting a
single broadcast beam into scveral light cones 106, with cach light cone 106
having all of the information present in the single hroadcast beam. First, one or
15  more powcer amplifiers 408, such as a 500 mW EDFA, in the MART 1802 splits
the single broadcast beam reccived through the transmission link 1800 and
provides the individual signals to respective central transmit antennas 208. The
central transmit antennas 208 then transmit the individual signals as light cones
106 to the user network 104 and/or the peripheral network 105. The array 1804,
20 or the individual central transmit antcnnas 208 and ccntral receive antennas 802,
can be mounted, for example, onto one or morc gimbal structures to dircct the
transmitted light cones 106. Available optics are used to focus and direct the
light cones 106 as necessary.
The embodiment shown in Figure 18 allows one or more light

cones 106 to be focused on particular receivers in the user network 104 or the

o
wn

peripheral network 105. That is, instead of transmitting to an entire building,
separatc light cones 106 can be transmitted to particular receivers in the building.
Further. the separate light cones 106 can have different power, such that light
cones 106 having greater power are transmitted to receivers that are farther away

30 or are behind darkly tinted windows, and light cones 106 having less power are
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i ncl'ude code stored in a nodule such as a Read- Only Menory (ROM),

Pr ogr ammabEOREME$PROM) , or any variation of an Erasabl e PROSI{USSY!S97EPROM
EEPR.OM etc.). According to one errbodl t, the communication system 100
uses 5 well-known Tine Division Milti pI ccess (TDMA) techniques. In TDVA,
each user network 104 is assigned one or nore TDVA tine slots based on the

al | ocated wavel ength (or data rate), and the networks conmmunicate with each
ot her duri ”gzﬂl?ﬁxt%!&@%s@grﬂ_ﬂ%rédd‘%@' OA 50, heMIREr Q@UIUAIAC Ahh O SSt em
100 uses TDMA technol ogy, the tomunication system 100 can mul tiplex 10
several usemamettion Iosxeltﬂﬁldmo LosiehTDivA semaningit, camss nid) 6anneelrdnsknawd to one

di ffraction grading patt rn mask o receive only certajn bhits fromthe
dat a streambf“(‘)le}”@aéﬂ u%‘@?fﬂ V\o?%“fkoiog are transmitted y‘A"#’&obV’é@“%na@é’

(not shown) . o

manager neactnane Fh PR TRACRTHE: BansthPiol AL BB, NG5 AP i
frequency) . antennas 208 in dhet 4 ?mpﬂ@m u@wm‘n tings aniARESMBIRt 100fidihe séy At
cones 106 and the collimte ht beans 108 may be done using standard

| nt er net pr drddiias ar@u@we@lw@lpewcsh&romeshc patte MART" 1§QSPAY, nukimizei s a

link stat t. t hm t hat d t | t tes based on th
nunber of - GUNEPRLY- i ENEiea b Lpiicel. MRy Rn i 0ot SEqgperioned | o

| nt er connectj.afeqf ukheqﬂmgshhqﬁp@sml%o anetH i P mlednd@ l?ftu J?ﬁarr@ssloff
can al so be acconplished usiig other well-known routing al gori

Fi gure 18 showsrame aktecadain \;J@\e.rrbwdlhmht ahet hihe ammuni ldat rogmiring more
syst emlOQ This alternativeenbodi nent usesanulti-access 25
l

recei ver )[réWé"rﬁt"fee‘ior(W IngRHNFGICHHR ROVWCEnsm ssi on and reception. The
central network 102 i ?u ﬂqﬁégg"{’“ of BEnMARE; ojn8?g\ BYuBof ?‘“Wﬁ?' ﬁh&ho

1800. The transm ssion hardw re suc as a

line or fi bemsnupthmgedbiyeadeMna thd Bumbspom}slszsbheht pouse aamMrceIMS Ai nk
(e.g., radio frequency aser etc%}@Addltlonall , While Figure 18
depi cts the S&%ﬁfpﬁwh@tﬂ Hwemznhqrs Iy BRESP @mloog@\lre@eﬁmc@sygslgaaj?s 39

A T e T L P e
15 quadrant.
The MART 1802 can also receive collimated light beams 108 from
the user network 104 and/or peripheral network 105. A plurality of collimated
light beams 108 transmitted from individual transmitters in the user network 104
and/or the peripheral network 105 are received by the central receive antennas
20 802 in thc MART 1802. Like the transmission from thc MART 1802 described
above, the uplink transmission of collimated light beams 108 from the user
network 104 and/or the peripheral network 105 to thec MART 1802 allows
multiple signals to be linked at the MART 1802.

Many possible design parameters can be used for the cmbodiment

o
wn

shown in Figure 18. For instance, a 12° sector can project a light cone 106 of
100 meters in diameter at a distance of 500 meters. A three mrad beam can
project a light cone 106 having a diameter of 1.5 mcters at a distance of 500
meters. Using the same transmit power and assuming zero losses during the
split. a three mrad beam can be projected at each of 4.444 customers and have the

30 same power density as the [2° sector. Alternatively. scrvice can be provided to



The MART 1802 includes an array 1804 of central transmt antennas 2b8 dAN 2003
central receive antennas 802. The central transmt antennas 5 208 in

Figure 18 aYR@0¥yash ally | ocated at the center of their respBETUS®/IGHRL ral
recei ve antennas 802. Ot her nodifications, arc possible. For instance, the
central transmt antennas 208 may be |oc ted near (e.g , separated from
their respective central receive antennas 802, instead of being coaxially

| ocated. it is also possible to use the sane optical device to transmt and

receive if' m@%@&@gm »thael%aﬁg&%l?ﬁfg‘?@ﬂ%} @scﬁ.r?ﬂégﬂréress%dqn& ﬁﬁ?&{»ved

signals i s adequate. fransm ssi on omthe centra

network 102ctiobt heediserednet vrr 4izd Bdd aoslé of chdiecpeshpheraleiveet work 105 uses
a concept of splitti n%da singl e broadcast beaminto several |ight cones
106, with each |ight AdHOULLEDPEEMICASRECES 6f. andeCXaMRIENdDT o pidien 4ra t he

si ngl e broadcast,. . m.. Fi.-rst, one or 15 nmore power anmplifiers-408 such as
2 500° m eobat s g einiar LsBRG nerass SrfSite PBshERE A R T o
through shepbiamenivasiPthd sd¥pelSOhant eRliBY i MaScdih8e infeiev LWt SegRahs to

respective central transmt antennas 208. The central transmt antennas 208

t hen transnitont Hee $pidi andisedpeso il imvastion.gistwitomesccd06izd tiyhdoss ekillndt wor k

104 and/or th eri pheral petwork 105, The array 1804, 20 or., the individual
central traH%ﬁictpr%?l‘f‘Bﬁr?é% g@@‘%ﬂ“‘é‘eﬂﬂtpa}‘glﬂé‘cléﬁ‘ife‘“érhcé'ﬁ 3 C@éé‘.j%E’éFr‘u” Bé

mount ed, f oL .LXARL Ehe 9%%65 i tqfcaggrzﬁugliiQmaﬂanﬁx{iyq%rﬂzf 3?11&?@[%@&%&&5% ect

transmtted~li ght Tones 1 val | abl e opfics are used to u

the |ight cdpescdGhichssnegessanyng diwicenbhddsyenin shaved.i m kb guitieub8 tak | ows
one or re Ifght%ﬁ_ ﬁoges 106 to be focused on particular receivers in the
user net'{or kOHEEY 2Rk bemans HARMES Usfet WOk NEOKOrRTIRINA COMPARYTBRIFCBFC. L.
transmtting:gt ) i, | lidinng p te || .comnes an. e .
transm ttedgt'“‘b&%)im ?Q I‘g\(ra ?gcé%\l/\ércsorftﬁ ?Eg i P%{Hné'? @Erpég\??&t ﬂg&ﬁ%lér ate
li ght conescafponattslieace edi fHign@nt2 padv8ss) iaushetbalinkdrnghticapived hk@bn havi ng
greater power are transmtted to receivers that are farther away 30 or are
behi nd dar ki@ bPhapRradHebWA! 18 5@MY §MOOd BReYS. 106 NSEYPIRgUPLRK CRBRERCHE e WD

00/ 04660PCT/ L5934 %ﬁgﬁﬁgh[lmconcs 106 or the network downlink components can use the

15 collimated light beams 108. Further. scveral channels (e.g., frequency domain)
can be used in the uplink as well. with appropriate coordination between a user
and a central node.

The teachings provided herein of embodiments of the invention can
be applied to optical links madc functional by any standard network

20 interconnection. For example. the G-NIC Network Interface Card (see. e.g.,
Figure 2) can be implemented in PCs. [urther. one or more componcents or
functions of the communication system 100 can be embodied in a computer
network, computer-readable media (such as magnetic cassettes. digital video
disks, CD-ROMs, Bernoulli cartridges. random access memories (RAM), ROMs,

25 smart cards, etc.) and their associated devices. One or more components or
functions of the communication system 100 can be embodied in computer-
readable or computer-executable instructions such as program modules or macros
executable by a microprocessor or by a computer. How to implement these types
of featurcs can be understood by one skilled in the art based on the detailed

30 description provided herein.



transmtted to closer-range receivers. Also, the MART 1802 can traﬁkﬁiJAchmm
nore than one buil ding, such that sone |ight cones 106 are transmtted to
one bui | di NYOMA*EPher 1ight cones 106 are transnmtted to oPREASBUIINE ngs.
By adjusting the power |evel of the tran;gission and pointing the central
transmt 5 antennas 208 in the appropriate direction, it is thus possible
to "link- several buildings and at greater distances fromthe sane MART
1802. To nmaxim ze efficiency, a given power output of the power anplifier
408 can be apporti onedrRat WaANohBL A Uan!baRbdE A RR: HRfenidHCR BORLoF | ght
cones 106 requiring | ess power arc reduced in power Il'e the other |ight
cones 106 r abuiabong-deaited dé&scpipwen. alre gewarnlespabdifalgbyinnctdmsedhd remprer .
Further, the scope of transm ssion coveraue of the MART 1802 is easily
changed by atfedsshandd i huirasastredd 4pl himgt the tnvenpenede HifpISPEFIdic aggcisa

t f .1 | |,. hemi sph [ ible b litting, i.ngl
br oadcast srinap® Mhnen@CpaRAROS A AFER: BuBsRid Br st e s by an
transmt antGaRas cRBnidicARGD s1heMadh@&nbperate under the clathg 04802, 84N
l'i ght beanms 108 fromthe user network 104 and/or

al so receive collimted
peri pheral ndtawdrighspsed Apptairdata cypnohumiodtidnmetadrdinglyt theamsertds is not
transmtted fromindiyidyal transinitters in the user netwrk 104 and/or

t he peripheHHP”ﬁ%tVbr‘el@@“&F@Tr iWé@aaymfhﬁi%ﬁnPféhcr@HEPU%naﬁtEh 20
802 in the Nﬁﬁ} : okl eyl 1SS PR Hd O e, 30 i bed
above, the uptfﬁéﬁggaﬁgkggékgn“%Tﬁ@%ﬁ??ﬁaggaﬁTigh?mbggﬁgglgé %?gﬁﬁgﬂephser
net wor k 104 mwedfdanct hatlpenatgsécaldonetnes ok cbOb ittortrivatiVART 1802 al | ows
multiple signals to be linked at the MART 1802. Many possi bl e design
paranmeters can be used for the enbodi ment 15 shown in Figure 18. For

i nstance, a 12 sector can project a |light cone 106 of 100 neters in

di aneter at a distance of 500 neters. A three nrad beam can project a |ight
cone 106 having a dianeter of 1.5 neters at a distance of 500 neters. Using
the sane transmt power and assuming zero |osses during the split, a three
nrad beam can be projected at each of 4.444 custoners and have the 30 sane
power density as the 12 sector. Alternatively, service can be provided to
WO 00/ 04660PCT/ US99/ 15973



41 100 custoners, with a 16 dB of link margin for each. The increasieqd JANK(03
margin can be used to reducc the size and costs of each custoner's

receiver. Al t hough specific aspects of. and exanples for the
invention are described herein for illustrative purposes, various

equi val ent nodifications are 5 possible within the scope of the invention
and can be nade without deviating fromthe spirit and scope of the
invention, as will be recognized by yhose skilled in the relevant art. For

i nstance, although a | aser has been described herein as generating the
various |ight beans and |ight transm ssions, other |ight-generating

devi ces, such as light-emtting diodes (LEDs), can be used. Al so, although
the 10 collimated |ight beans 108 are used in the network uplink conponents
(see. e.g., Figures 7-10) and the tiahyscones 106 arc used in the network
downl i nk conmponents (see, e.g., Figures 2 and 3-5) in the enbodi nents
described herein, it is to be appreciated that in sone enbodi nents, the

net wor k i nents can use the light cones 106 or the network
domnlinkvggﬁg§ﬁ%ﬁﬂg85§n use the 15 collimated |ight beans 108. Further,
several channels (e.g., frequency domain) can be used in the uplink as
well, with appropriate i i .and a central node.

The teach?hgs provi ded ﬁgggﬁﬁugkbgﬁg%g%%@ﬁggﬁg#%t e invention can be

appl i ed to opt acpériphenils node ecdnfigutédo @l tramsmiihpt deastdane firet vafokmaton
interconnectiPn. Forfexaagle. the GN C twoﬁk Inte”faﬁe Caﬁﬁ %@ﬁf'te'g"
Figure 2)SE9al#d Papficited o feqslveasecend ffHamatian.signal, Whgreig Mg AL igast o
functi onsopé fikdionfepiiBticn SRihBPR o1valbecaléigean be embodied in a conputer
networ k, conputer-readabl e nedia (such as nmagnetic cassettes. digital video
di sks, CD- ROVsat Bashene icentral nedel gerfigurad dorecaive $ie fietdnfoesalicgjgnakon s,

25 smart d e d i S, i devi . =(ne, nents
o funct i BEF e pcanaaabl: And PARAL Mo CREERRR. AR ich SRR
co(rjrp:Jt er-tmau@tblf:@eOSpmmwdabl ragedeﬂuhamhteligmsﬁeram,t i:mfggmu@hoa‘sarwrﬁigrtnim
noadul es or nacrps executapl e y. .a FﬁQI‘O rocessor r - a corrputer_. Flow to
i npl enent SEFRICk INforRRRtioNy sigaak i the esﬂp'b%aﬁﬁe @s%@dmiﬁ%w@ regelve iah t he

art based } o\ j i ;
50/ 04000 PEER RAE HEL IRt § H6h Al idin ARePefEATOINRACY B "c%\aé%ggdc'?r'?tbe

made to theamphaedtion in |i2ht of the above-detailed description. In

general. in th ol . ow n | ai_nsg, e t d _shoul. 0 e construed to
limt the i nve% §eo415|tt6§qet %88"338@% ?cinqggﬁéi{{gs rglt%glgpo@gdhfjsm{g%\éb% i?'ﬂ%ati on
and cl ai ndembdulat@otied rmedaiatst riired infrinatdbmdsigabl froraptieealspaeaTuaRgat i on
systens that, operate under the clains to provjde, inter alta, high-speed

opti cal dﬁ%ﬁ%ﬁqm?r@aﬁmrthe Bts@rirefpﬁaﬁs}qn gigaal fyewgh feei spacsmpdiiated by

the discl gswese lidhieaeh t he scope of the invention is to be determ ned
entirely gy tfg %ﬁq o%ﬁng cl'aims, which are to he construed in accordance

with established doctrines of claiminterpretation.
2. A communication system, comprising:

at least one user nade configured to transmit an information signal through
free space modulated on a light beam; and

a central node configured to receive the light beam from free space and to
demodulate the information signal from the light beam, and to send the
information to a peripheral node as an electrical signal.

3. The communication system of claim 2 wherein the at least
one user node is configured to transmit the information signal modulated on a
collimated laser beam and the central node is configured to receive the

information signal modulated on a collimated laser beam.



13 JAN 2003 43 CLAINMS What is claimed is: 1. A communication systdnd JAN 2003

conpri si ng: a peripheral node configured to transmt at |east one
first information signal and configured to receive a second infornmation
signal, wherein the at |east one fir information signal is an electrical
si gnal ; at | east one central node configured to receive the first

i nf ti [ | f h i pher.al d,t. j ' first
[ nf or mat i @n i gnal € hr oubiE PPEEMYSRET RGN S MG REsh
conf i gur egnd Osbf ABAETrAGCCIRBANS, bifaeRid Ravig A alfirhcidrhgrating) BRARR

node, and conrrgured to receiVve at least one third informalion~signal from

free spacshapiylemisgdr amolographicdpticahdlemenatn and at |east one user
node configured to receive the first Iight beam and denodul ate the

nodul ated_first informatjon signal, from.free ace, and, confiqured to
transnit Phe third infor ?tgﬂgg‘?rgﬁﬁ%ﬂsnﬂn'hWS %F@@/'%%aﬁfé" ?r%ﬁiﬂ%gt%él'sﬁh t he
second |1 N} b i i hehNEai ast
one User oL 2R Hne of & o BBl B v R Boint, e TR e o
space nodcorapesingn a | i ght beam and a central node configured to

receive the li%ht beam from free space and to denodul ate the information
signal from t h& YPJET BE and to send the information to a peripheral

node as an el ectri cbdgla8Rg! dataSand @ (ETTHY paFbREraF YHiMbAdressabM 2
wherein the at | east one uSer node is configured to transmt the

i nf or mat i collimatpdlightibéamataed on a col i mated | aser beam and the central
node is configured to re. t he i nf or n_si

col limated | aser be smlitgrigg sglimated r@H %ﬁ@%%ﬂﬁ?ﬁ% ??:’?%gﬁg{g’eﬂ?%f

claim 2 whaitedl poiftead | east one user node further conprises an antenna

having a diffraction rati_n?, beam shapi ng | ens, or a hol ographic opti cal
el enent . at the central point,

demodulating the collimated light beam and retrieving the data and
the at least one peripheral point address,

routing data to the at least one peripheral point address,

receiving an electrical signal from a peripheral point of the plurality
of peripheral points,

extracting data from the data signal, and

transmitting a free space optical signal containing the extracted
data to the user point.

6. The method of claim 5 , further comprising modulating the
data and the at least one peripheral address on a collimated laser beam.

7. . The method of claim 5 , further comprising:
modulating the data and several peripheral point addresses on several
collimated light beams; and

routing the data to the several peripheral point addresses.

8.. The method of claim 5 |, further comprising transmitting the
light beams through free space to the plurality of peripheral points in a point-to-

point, multipoint-to-point, or multipoint-to-multipoint manner.



5. A nethod for transmtting and receiving data between a user point and
one of a plurality of peripheral points via a central point, the It Kol 2003
conprising: at the user point, nodul ati ng data and at | east
one peripheral point address on a cg limated |ight beam and

transmtting the collimated |ight béamthrough free space to the central
point; and at the central point, denodul ating the collimated

| ight beamand retrieving the data and the at | east one peripheral point
address, routing data to the at | east one peripheral point address,
receiving an electrical signal froma peripheral point of the pl uraI ity of
peri pheraB. poi nts, ekhe @otnmgnldamosn system bé clrima1 siyergin thadt least one

e o RSS st b S Rl bk b bR, £
the data gpd of o cé@faﬂtnda& @ﬁfhbpaﬁmty df deAEl ABdEs %\@é'ddﬁ‘ﬁb@ﬁbﬂlé‘f’tér

beam 7. e net hod her conpri si ng: dul ating the
data and sammma rpeeiveth dres smnnermptmdhsméo an alegfigical sigogl whtaf@u datght

beans; and roy ta to the sever her al ol Nt ddres

o The moeHRPe Ty esSieckisat ABRal B sPRgISromTENg eSS beams
through f&gﬁraqp,@gﬁo,tko the plurality of peripheral points in a

poi nt-to-point, nultipoint-to-point, or nultipoint-to-nultipoint manner.

10. The communication system of claim 9 wherein one or more
central nodes of the plurality of central nodes are configurable to modulate a light
beam with data exftracted from the electrical signal.

| 11. The communication system of claim @ wherein a central node of
the plurality of central nodes is selectively configurable to convert the electrical
signal to an optical signal to be received by another central node of the plurality
of central nodes.

12. The communication system of claim 1 wherein the at least one
user node includes a holographic optical element to be used in receiving the first

light beam.

13. The communication system of claim 2 wherein the central node is
one of a plurality central nodes forming a central network, wherein one or more
central nodes of the plurality of central nodes are configurable to convert a
received free space optical signal to an electrical signal wherein data extracted
from the electrical signal to be selectively communicated within the central

network.

14, The communication system of claim 13 wherein one or more
central nodes of the plurality of central nodes are configurable to modulate a light
beam with data extracted from the electrical signal.



13 JAN 2003 45 9. The communication system of claim1l wherein the §t JAﬁama
one central node includes a plurality central nodes formng a centl I

net wor k, wherein one or nore central nodes of the plurality of central

nodes are configurable to convert a r6ecei ved free space optical signal to
an electrical signal wherein data e>‘<1tract ed fromthe electrical signal to

be sel ect4izvel y co I1C i~ b
flsvely commyiiy &)‘Crﬁgpmcgﬂbv\ﬁ g?fgl%n%f‘blﬁﬁfh 13elHerdin a déhtral Mdde of

comruni cat’i on system of ein one or nmore central nodes of the
pl ural i t yhefpleeity af contiaisnales is seledivelybtanfigarahiel id oavertithgaledtdaal wi t h

data extracted fromthe electrjcal signal. 1. Th 0 ni.cati on st em of
Cliai m o vighata 20 BEHEA SIGNADLL DB TePaUSR B AOMY e APRAIO! TRR ALY

sel ective i ble to convert the electrical signal to an optical

si gnal toéfﬁceéhr?%iglggé% by another central node of the plurality of central
nodes. 12. The communi cation systemof claim1l wherein the at |east one

user nodeg, ncl udes artHwtommamicatioopdyisteh afl daemf twhéreiruthwlat teasé@mevi ng
the first |ight, bea 13, The conmupi cation stem of, claim2 wherein the
central néfE %deo%md’fesaﬁ BPQEEARNIS, oﬁ’gﬂ%r%{?mﬁaﬁéﬁbﬁdﬁﬁdda tAnsyttng {q‘?et wor Kk,
wherein q&eﬁt%aﬂpre central nodes of the plurality of central nodes are
configurabble to convert a received free space optical signal to an

el ectrical_ signal wherein data extracted fromthe electrical signal to be
sel ecti vel’ly conmmuni Theevethod iof nlaimed ¢ furtirer comnristngat thesentiabpeidnuni cat i on

f claim13.wh ' ) | . of | i f
central nodes HPBMIhANGHPSRrY FOPAbAGTLrL PR PhgAl Ul t i Bt e  act ea
fromthe gémfHeralogdingtgnal . 13 JAN 2003 46 15. The communication system

of claim13 wherein a central node of the plurality of central nodes is
sel ectivel y copfirapiingisiata fremctbalectriealsignacand cal “signal to an opti cal

signal to be rt?&r‘?érﬁﬁt@nr#jéf fr%B%:QBSé o@ﬁB&@?&ne{P%ﬂﬁta@?im% Bkﬁ‘%ﬁéhtg%étﬂeoas tral

nodes. 16. The comruril cation systemot-clarm ereln one
user nodeuger@airttes a hol ographic optical elenment to be used in transmtting
the |ight beam

18. The method of claim 5 wherein the central point is one of a
plurality central points forming a central network, wherein one or more central
points of the plurality of central nodes are configurable to convert a received free
space optical signal to an electrical signal wherein data extracted from the

electrical signal to be selectively communicated within the central network.

19. The method of claim 18 wherein one or more central points of the
plurality of central points are configurable to modulate a light beam with data
extracted from the electrical signal.

20. The method of claim 18 wherein a central point of the plurality of
central points is selectively configurable to convert the electrical signal to an
optical signal to be received by another central point of the plurality of central

points.

21. The method of claim 18 wherein the user point includes a

holographic optical element to be used in transmitting the collimated light beam.

22, A communication system, comprising:



17. The nethod of claim5 7 further conprising at the central poift3 JAN 2?03
receiving an electrical signal froma peripheral point of the pI urality o
peri pheral points; extracting data fromthe electrical signal; and
transmtting a free space optical sigpal containing the extracted data to

t he user point. 18. The met hod of cl’aim5 wherei n t he central poi nt is one

tor e bent ral  pbirrengrel e o bed s ERRNE at TR SRR

convert asngﬁaedn‘beébrfﬁgaﬁ‘ecﬁﬂ%%e%ta s8torfdl Mfemationasigediect ri cal _SIgnal
wherein data extractéd fromthe electrical signal to be sel ectively

communi cat ed vﬂcemmaltnweccmttfigarem@t work. 19. The net hod of claim 18

wh t th raljt f t. '

Cont i gur abl e to modarabe he Y ifosearireraar el o Rt E B bRl Rote”
el ectrical signal. madQulald'g first figt Wark!taidBntainWieh RixtradtetefibmathePfispt  Of
the plurality of central points Ts selectively configurable to convert the

el ect ri cainfarimatiah signan optical signal to be received by another central
point of the plural,t ce oi nts 21. The nethod of claim 18
wherein the user otr‘?ﬁ/ WLM%@&LF@%%%W"@ ¥APeal el ement to be used in
transnitting the CQI’ér\dmftﬂ?ééécﬁﬂﬁ .hﬁﬁmatloa%lgrféle@m@ﬁémrammtaem
conprising: 13 JAN 2003 4 peri pheral node configured to transmt

at |east one first rﬁﬁﬂ@ﬁn@ﬂhlﬂhlrﬁ@@n@tmfhﬁl@nébﬁﬂn‘gfrﬁ@cﬁp@@erré@éul\atedaoﬁe%ond

I nf or mat i ; o] f 0: rec I rst
I nformat i eﬁco? ﬂgﬂt grgt wh%er"gm%? hgls:){){elrI g)(rggfn 5 ,nsr?ts)dgl §b¥8%& 'Pci

l'i ght beame@ur@Ms@Ir rbabmﬁ @ur@(tﬁeaeée@hd mgm bbeanf comtpruseé @ gBlinztedilgnal
transmt the first light beaminto free space, transmt the second

i nf or nat | BAM; @W& to the peripheral node, and
a user node configured to:

receive and extract the data from the first light beam, and
transmit the third information signal through free space modulated
on the second light beam.

23. The communication system of claim 22 wherein:

the central node is one of a plurality of central nodes forming a central
network, each central node being configurable to transmit a plurality of the first
information signals modulated on shaped and diverging coherent light beams
through free space, a central node of the plurality of central nodes being
configurable to convert a received free space optical signal to an electrical signal,
data extracted from the electrical signal to be selectively communicated within
the central network; and

the user node is one of a plurality of user nodes forming a user network,
each user node being configurable to receive the plurality of first information
signals modulated on shaped and diverging coherent light beams through free
space.

24, The communication system of claim 23 wherein one or more
central nodes of the plurality of central nodes are configurable to modulate a light

beam with data extracted from the electrical signal.



receive a third information signal fromfree space nodul ated on afsPckiiN 2003
| i ght beam wherein the first |ight beam conprises a shaped and diverging

| aser beam and the second |ight beam conprises a collimted |ight beam and
a user node configured to: receive extract the data fromthe first

| i ght beam and transmt  the third information signal through
free spacgnodul at e L %ﬁﬁh i }

syst em of %gl aim 22 mgp%éﬁﬁﬁ%ﬂaﬂt%%r??r a n%%glqezagnééggﬁug’g uéfi g’ri ty of
cen]E ral ntgtléeplufaﬁtyrbﬁgeatralem(}t@d is|r1$é|ecti\/}e1y ﬁa«rllcigurer!nte_rttﬂ):c coroaet thed e@ctricial
configurable to transmt a plurality, of the rst infornption signals

modul at edSigRalRATEAPEGR] SIIRALHQIDRTeEBNEH divt amqvtbﬂi CoRtgNadR eﬂt{m piEIty pace,

a central0 é&#ﬁa?ﬁ & plurality of central nodes being configurable to
convert a receive I'ee space optical signal to an electrical signal, data
extracted fromthe electrical signal to be selectively communicated wthin
the central network; and the user node is one of a plurality of user
nodes form ng a user network, each user node being configurable to receive
the plurality of first information signals nodul ated on shaped and

di vergi ng coherent |ight beans through free space. 24. The conmuni cation
system of claim 23 wherein one or nore central nodes of the plurality of
central nodes are configurable to nodulate a |ight beamw th data extracted
fromthe electrical signal. 13 JAN 2003 48 25. The conmuni cati on system of
claim 23 Wherein a central node of the plurality of central nodes is

sel ectively configurable to convert the electrical signal to an opti cal
signal to be received by another central node of the plurality of central
nodes.



