WD 2004/ 001994 PCT/ US2003/ 018352 ULTRA- W DEBAND COVMUNI CATI ON THROUGH A
WRE NETWORK Field O The Invention 5 The present invention generally
relates to ultra-w deband communi cations. More particularly, the invention
concerns a nmethod to transmt ultra-w deband signals through a wire
networ k. Background O The Invention The Information Age i s upon us. Access
to vast qURHHONEY of information through a 10 vaPFEPS0BMI8RT f er ent
comuni cati on systens are changi ng the way people work, entertain

t hensel ves, and communicate with each other. For exanple, as a result of

I ncreased tel ecomunications conpetition mapped out, by Congress in the
1996 Tel ecommuni cations Reform Act, traditional cable television program

provi ders—have--evetved—i-At-o--f-tt~servi-co-providers. of advanced vi deo,
voi ce and d@éﬁ&_ ' gm{ @ %ﬁﬁ%ﬁ; A nunber of 15 conpeting
cabl e conpani'es nii}odwh r8 5 iWHHE NETWORK o

j ust - desett+bed--servi-68s-—-Vi-a-a-si-agle-broadband..network.... IThese servi ces
have increased the need for Eﬁﬂgw Eﬁgﬁ %i ch is the anmount of data
transmtted or received per v bandw dt h has becone
i nér easi ngl Yhe pomt anenticasgdnhelly stlztes af ullatwaddbhan SethadiRsnsNa®ogONt i nual |y
gr own. ?ﬁg | l.ons ,such as in-ho Vi £s-on demand and_vi deo
tel eco ergg@?#ﬁ% SRR §° AN @ %\gﬁﬁ? gﬁﬁﬁ%ﬁaﬁﬂgﬁ%&’f‘g@gﬂaﬁﬁ@ﬂ‘%ﬁ @ampl e is
i nt er agkiwee. vi deo in hones and offices. Other industries are also placing
bandw dt h demands on | nterget seryi oviders, and other data providers.
For exanpl e, hospitals trﬁ@@ﬁ%@ays and CAT scans to remptely
| ocat ed phyBiechfonsatioffuige it upISHS. SAtRR%o vE Ghanitisd Minfobanh thandw dth to
trgns '&i&?ﬁf%ﬁfelre%{gg dat.aa.fi I esz in a tileason bl e anobunt of tine, These
|arge dat® files ok SoRpupication systoms, prg chaneig the | wayspeople; Werkoat@@iny eal - t i me
horre vitlbewsclease awi ophyniicate hathgenck otiee f RRSédahyle! Rans Msit @F Mirdalut an
i ncrea ' .St andwi. dt h., The nged for nore dwi dth is evidenced by
user cze?neg P@@ﬁg&g@ pcélfpfj‘ﬁglqnn’f:‘@m’ﬁ‘gt"maﬁé QRIS &ll’*eog%gd“@%?%ml@ﬁ’ﬁ%“st hat are
synpt oRafors Adt, talitioalkcableeteleoiivn grofren PRIviRA! Mive SvBIvaY e rall-scbddl e
el evi $lodiletd S Wl Sa o, Solb8 and B tseRiY ko B8t S Hhdsdes. A mumber of

15 competing cable companies now offer cable systems that deliver all of the just-described services

viaa single broadband network.

These services have increased the need for bandwidth, which is the aﬁlount of data
transmitted or received per unit time, More bandwidth has become increasingly important, as the
size of data transmissions has continually grown. Applications such as in-hotne movies-on- |

20 demand and video teleconferencing demand high data transmission rates. Another example is
interactive video in homes and offices.

Other industries are also placing bandwidth demands on Internet service providers, and
other data providers. For example, hospitals transmit images of X-rays and CAT scans to

| remotely located physicians. Such transmissions require significant bandwidth to transmit the
25 large data files in a reasonable amount of time. These large data files, as well as the large data
- files that provide real-time home video are simply too large to be feasibly transmitted without an
increase in system bandwidth. The need for more bandwidth is evidenced by user complaints of

slow Internet access and dropped data links that are symptomatic of network overload.

Internet service providers, cable television networks and other data providers generally

| r?O employ conductive wires and cables to transmit and receive data. Conventional approaches to

signal (i.e. data) transmission through a transmission medivm, such as a wire or cable, is o
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30 enpl oy conductive wires and cables to transmt and receive data.
Conventi onal approaches to signal (i.e. data) transm ssion through a
transm ssion nmedium such as a wire or cable, is to 1865307 1 WO
2004/ 001994 PCT/ US2003/018352 nodul ate the signal though the nediumat a
frequency that lies within the bounds at which the nediumcan electrically
conduct the signal. Because of this conventional approach, the bandw dth
of a specwopr@ifetitumis limted to a spectrum w t hil¢TRR8HIHE nediumis
able to electrically transmt the signal via nodulation, which yields a
current flow As a result, many 5 costly and conplicated schenes have been
devel oped to increase the bandwi dth in conventional conductive wre and/or
cabl e systens using sophisticated switching schenmes or signal tinme- sharing
gr r angcmﬁgla’&.ﬂaﬁ@ial mﬁughh_ﬁﬁﬁl_eaﬁﬁhhﬁd&edtﬁndy?ﬁﬁ&f&@@itﬁi@ﬁ:ﬁd HouadiCht 6@ mlulﬁx in part
ecause the data transm ssion systens adhere to the conventiona
accept AFSE™ fly elpoHc Xn“@ﬂﬁ'ﬁ% 3ofl\gl%?iw wasp of thiy epnventiop! dpprarchedheny |t s
conduc bhndsvidili 0pe spdciis. mddund heligitedre a shivat wilis Which eedidR s Aldmwt hod to

i Summary OF The

i ncreasge t.h andw dt h., of. conventjonal. . wi red networks.

| nvent i° mﬁfzﬁygﬁ“ﬂ*‘“&- g5 3 E‘O‘ﬁ’l"r‘f'ﬁ?’h"gﬂ"ht Belds %ﬁ%‘?ﬁn\fl\gﬁl‘lvt A4 AFPHEGEHY si gnal s

acs 0ss cedtly ad sogtplicadel shérkes hebitengevalbpddib @icRRte EEhMIGRIHIN Q¥ iveRIonAet Work, a
ersonal area network or any

t el ephan et war k | ocal area .15 network, a p c

ot her \X?’%ag vﬁe"f‘%‘f’"ﬁgﬁ’r BIEIFY TBLopyticpied S -‘&ttm&)?cg?rﬁ‘? Frsganfne-nyent i on,
there iskaripg avinganknsn Babl difi?théeé d@@g@gs reg@mwaktg@dnhe&nﬁyﬁ@mt f’)&ﬁlas@tﬁé/i red
net wor onprising; an ultrg-w deband transmtter structured to transmt
e bt e GBSy SBiegh bt o o RBORH Fescp e i e LM SA rasr20

W debamngble ie edistvtied iy litd ebddasthie ppaE&ei ve the ul tra-w deband signal fromthe

ik ed net K; rein the ultra-w deband transnitter conprises an

ut8 ra wi dgﬁ@ﬁﬁf%%%e afﬁ|aaﬂﬁﬁ4 b R qhotiog To dhreit e dandrah og gHFHogal

mul t i plired hotwérks.ul t r a- W deband signals and the ul tra-w deband receiver
conprises an ultra-w deband pul se denpdul ator that is structured to receive

camltiplicity of 25 ultrazw deba& ignals. According to a second aspect
-of the present invention, t a 190 et hod of

Herein disclosed is a method to transmit ultra-wideband signals across any wired

network, such as an Internet service provider network, a telephony network, a local area
15 petwork, a personal area network or any other wired network.

According to a first aspect of the present invention, there is provided an ultra-wideband

. communication system for a wired network, comprising: an ultra-wideband transmitter
structured to transmit an ultra-wideband signal through the wired network; and an ultra-

20 wideband receiver structured to receive the ultra-wideb'and signal from the wired network;
wherein the ultra-wideband transmitter comprises an ultra-wideband pulse modulator that is
structured fo transmit a multiplicity of ultra-wideband signals and the ultra-wideband receiver

:. comprises an ultra-wideband pulse demodulator that is structured to receive a multiplicity of _

25 ultra-wideband signals. )
According to a second aspect of the present invention, there is provided a rﬁethod of
transmitting data through a community access teievision network, the method comprising the
steps of: providing the community access television network, wherein the community access

30
- television network is selected from a group consisting of an optical network, a cable television




transmtting data through a conmunity access tel evision network, the method
conprising the steps of: providing the community access tel evision
network, wherein the community access 30 television network is sel ected
froma group consisting of an optical network, a cable television 2
network, and a hybrid fiber coax tel evision network; and transmtting an
ul t r a- mtedeband shyhrialfibertdos0tehision @c®ORIENE irdhsRGERSH led-GidebindRighat wor k.
According to a third aspect of the present invention, there is provided a
- met hodthafugh the coamsnityghceesh@Rdivdonhditwoedk. a conmuni ty access tel evi si on network,
the nethod conprising the steps of. providing a conmmunity access
tel evi si on Aedovdhigkto & ahifidi a3pér ofl thEUdrdef in@érkiyn, ahertlid p@vided dakamsd & gnal s
representative of data with a cormmunity access tel evision network signal
pri or intreasingsd bpmdividih afis ConBRINGN acdesCRievisiog natwoek] ienadh&l @aplisia@mer i si ng t he
multiplicity of ultra- w deband signals representative of data and the
comundtépy oficredding @l cemmhibnadees Welewsi@l aetmbrk; eontbinisep atulkiplioigy dthatrgonbi ned
signal into the multiplicity of ultra-w deband signals representative of
dat a awidcliané sigoaigmepricteytad cce3tata twdthedofinunith Sl tdlevisi@ntworlAd gl giicig to a
fourth aspect of the present invention, there is provided a nmethod of
t ransniotd sipopt arstismiede; wedeiyingad aombinaligignA dowpridiat fichauktiploity dfellexi si on
network, the nethod conprising the steps of. providing a hybrid fiber-coax
t el eviwideand s depreotativenif dgta and the bdnrphdityiatoessatlevibibn metwbrt elpasidardi gnal s
representative of data with a hybrid fiber-coax television network signal
pri or separatingitmadmtined RRaldato ol milaglity iofl glta-vwddsbbnh@ghali rgradentavgsfi Si ng t he
multiplicity of ultra-w deband signals representative of data and the
hybr i diafa doé thecomuuhitl @véss telemision aetworkksigiagnal ; and separating the conbi ned
signal into the multiplicity of ultra-w deband signals representative of
data and t ectwdingitd af folnelr aspedof tiled gedcai Dventioh,Wwaerk iS pi@Rided a nfeti@derfenbodi ment
of the invention, a method of transmtting an ultra-w deband si gnal
conpr itseenitthg silepeivfg patovircighg: aybsdr fekbraeinelekisn thetworlt) Shd tietiog an
ultra-w deband signal across the wired network. Another enbodi nent of the
pr esenbmpnhsisn tthooptepO WP proeiding arbyhal fibér-cobn aeledsom geobia nadwibdiidy af an
I nternet service provider network, or any other type of network enploying
wi r ed mgtdplity b uloawidebamigsighaliuérésphtatdictof dath withtariabiill Gbkansk sicgiRhs
representative of

network signal prior to a signal transmission; receiving a combined signal comprising the

multiplicity of ultra-wideband signals representative of data and the hybrid fiber-coax television
network signal; and separating the combined signal into the multiplicity of ultra-wideband

signals representative of data and the hybrid fiber-coax television network signal.

In one embodiment of the invention, a method of transmitting an ultra-wideband signal
comprises the steps of providing a wired network and transmitting an ultra-wideband signal
across the wired network. Another embodiment of the present invention comprises a method of
increasing a bandwidth of an Internet service provider network, or any other type of network
employing wired media, by combining a multiplicity of ultra-wideband signals representative of
data with the network signal. The combined signal comprising the multiplicity of ultra-wideband
signals representative of data and the network signal may be received and the two signals may
then be 'separated into the multiplicity of ultra-wideband signals representative of data and the

network signal.

2a




data wth the network signal. The conbi ned signal conprising the
multiplicity of ultra-w deband signals representative of data and the
network signal nmay be received and the two signals may then be separated
into the nultiplicity of ultra-w deband signals representative of data and
the network signal. 2a An ultra-w deband signal can be transmtted

simul taneously with an Internet connection signal or voice transm ssion

si gnal . BecausBratwidebahd ¢igral\ateeandsnsiitgnddu]eaouble withan Sitthétedmestidast anti al |y

simul taneously.with the other signals, the overall bandw dth or capability
of thes"g%agto\fxo‘r%wett6m§@§%%“nfl§“a&‘a§8°%i‘§e ?Pﬁs‘i‘ﬁr?wldﬁl@f“@ﬁ’é@ . Sy PR AREEES ption OF
The Dr substagiinlly Finltarkousdy @ith ithel athdrrsighblonthe bveldll baaeidth eoapabilitg fF ilen et hods;
2b WO 2Q04/20}994YEQT1US%@?3/01§§52 FIG 2 is an illustration of two

ul t r a- RSN GIST S8 15 RYE G545 o s chemmmatic il ustration of one enbodi nent

of an ultra-w deband conmBuidf Deb@iption Sf e BDapriays ng a W red medi um and
FIG 4 is a R emat.f'c illug%b.irf%tion of a second .enmbodi mrent of an

ul tra-wi deband | SRR OA S MSPLPIHAIRH BHNT a wired medium It will be

recogni zed that sone or all of the Figures are schematic representations

for purposes of illustration and do not necessarily depict the actual
relative sizes or locations of the elenents shown. Detailed Description O
The Invention 10 In the foll owi ng paragraphs, the present invention will be

described in detail by way of exanple with reference to the attached

drawi ngs. Throughout this description, the preferred enbodi nent and
exanpl es shown shoul d be considered as exenplars, rather than as
limtations on the present invention. As used herein, the "present
invention"” refers to any one of the enbodinents of the invention described
herein, and any equival ents. Furthernore, reference to 15 various
feature(s) of the "present invention" throughout this docunent does not
mean that all

2b




cl ai med enbodi ments or net hods nust include the referenced feature(s):
Cenerally, a traditional cable television provider, a comrunity antenna
television provider, a community access television provider, a cable
television provider, a hybrid fiber-coax television provider, an Internet
service provider, or any other provider of television, audio, voice and/or
| nt er net M¥2RM40BYY ves broadcast signals at a cent PENUSHBMBE, either from
terrestrial cables, and/or fromone or nore antennas that receive signals
froma comunications satellite. The broadcast signals are then

di stributed, usually by coaxial and/or fiber optic cable, fromthe central
station to nodes |ocated in business or residential areas. For exanple,
comuni ty add@sxsis trelllestiatiorosT s wh-d@cbLpuiddy; net works are currently

depl oyed in several different topol ogl es and confi gurations. The nost
comon configyrat i; , anal Si naI s tr nsmtted over
coaxi al cablfg@and {&E sole beﬁrh}%ga% Seice )a‘fh >gideha8d bot h
fiber ommwhbmmwpla)amﬁmed'ﬂiﬁmmmwg coax systems are typically
characterized as pure anal og systens. Pure anal og CATV systens are

char act eri zgggby i hekdhedd / | US2003/ 018

est abI i shed l\ﬂ'SC/lPAL Na%%olrﬁ%&%rfggﬁsél%gﬁgsé%d;@ § g@ﬂﬂ‘ﬁ %@%’%ase

Al terna’fan’i‘PnEP‘F@)sYﬁ*@Hﬁﬂlﬁ?ﬁmW@n@uﬁx equency carrier at 6 or 8 Mz
intervals. HFCS is a conbination analog - digital topology enploying both

coaxi al ( anaﬂ \Bg)be&é&gmﬁédhﬁit soRk lof aff Of @ FF%Hn ng{%décﬂegﬁaﬁgg g@é%llrt]aﬁgllsl supports

digitall t ed/ encoded tel evision c annel 78.

Accor di F@FVEEP’AW npducpessarily dapist bp petend reitiare iges or nsatisnsbfishe channel s
are 'nDOhlélﬁansdhdumG MHz al |l ocations on channels 2 to 78 using frequencies
from55 to 547 MHz. \When using HFCS, digital channels typically start at
channel 79 and go as high,a 36 ,ar]d occupy a frequency range from 553 to
865 MHz. In some extendétt? Qf Thednvengion 55 ghnments can go as high

aslOchannel Kkbe GiloBRE phﬂdgraph“s'hm pﬁéﬁeﬁﬂﬂ&enmm%a%@ﬁgédlﬂ%&mlgy% ard only
defi nes gﬂﬁe%@ %gs é: tﬁ ‘zﬂf} érhese limts. The actual w re/c | e nmedi a
itself QSRS e R pliachyd drpsingsThonghgut oisdrsqiptions thpoprefordl GHz. | n
bot h cmmuomtmmmmm shititd Beadohideidass SRdn@drd, kAh @A i RkitRBLEr S the
- cabl e 5 i ed d a d]ilthetg eo, and/ qr other data streans are
de- mul t5 gﬁpgi%enoﬁv Oﬁd;&s’ aq?i erein, the "present mvention" refers to any one of the

embodiments of the invention described herein, and any equivalents. Furthermore, reference to

15 various feature(s) of the "present invention" throughout this document does not mean that alf

claimed embodiments or methods must include the referenced feature(s).

Generally, a traditional cable television provider, a community antenna television
provider, a community access television provider, a cable television provider, a hybrid fiber-coax
television provider, an Internet service provider, or any other provider of television, aundio, voice

" and/or Internet data receives broadcast signals at a central station, either from terrestrial cables,
and/or from one or more antennas that receive signals from a communications satellits. The
broadcast signals are then distributed, usually by coaxial and/or fiber optic cable, from the
central station to nodes located in business or residential areas. )

For example, community access television provider (CATV) networks are currently
deployed in several different topologies and configurations. The most common configurations
found today are analog signals transmitted over coaxial cable and Hybrid Fiber-Coax Systems

20 (HFCS) that employ both fiber optic and coaxial cables. The analog coax systems are typically
_characterized as pure analog systems. Pure analog CATV systems are characterized by their ﬁse




video data streans (either NTSC, MPEG or any other suitable protocol) are
extracted fromthe 15 satellite downlink stream and routed to nodul ators
specific for individual television channels. The outputs from each

nodul ator are then conbined into one broadband signal. Fromthis point the
conbi ned channels are anplified and sent out, either by coaxial or fiber
opti c cablM@220¥MBMPYe customers. In a HFCS, bef or e PEHAUBWHYSHRd br oadband
signal |eaves the head-end the broadband 20 signal is nodul ated onto a
fiber optic cable for distribution into the field, such as residenti al

nei ghbor hoods, or business districts. Mdul ati on of the broadband signal is
typi cal l acconplrshed in one of two ways. In the first nethod the entire

br oadbaffcrstablighed) m&@%ﬂ@@ﬂdﬁdmdmgsm@eﬁ UosiniigeeAPiRbeghltcsptian ARl 0g t o
Di gita'mﬁﬂﬂ%&ﬂ&ﬁ&aﬁéﬁﬁ%?ciﬁmgfé5}%&%& |l e digital sanpling, the data
east T ce

nmust be sanpled at a rate at he highest frequency conponent to
25 neet Nngpgg m&rﬂgﬁgh r oVi. r quality
data st - Eﬁl dI (Tq%%&ggjhplﬁgﬁ%ﬁ O%ng%) {04 ge(ﬁ%al g hi ghest

fr equenétﬁf”’ﬂﬁﬁ (déaitaB me alﬂsat WﬁﬁilYéuRPaﬁ%hgltﬂﬂy maqll];h‘tab(anntaibéielpwﬂoﬂt GhadineBHz. A

parsal | efpodeQn el nl ABORR 2 mﬁr(‘s@%‘isvfg% %nfu{%eun?t@é 8lale€ %%ﬁtugg%qt and%ﬁ a of the

ADC into a serial format. e seri data then dri ve Sode for
t r ans mi EePefylatagdn 6 Mitz aﬂPFﬂH@PS ogshangele 2 9l 1. usifip &egem(ﬁomfﬂs osW7 MHRr oadband

bl ock c@naa t t t he road signal is
odul at ao e A Bleal A o B B! Whost 35 Rt 0 MRS DSBS 015552
Desi gndi°elY acdkegsaen sunes ﬁamé5ﬁd@§65ebﬂi2n1mwngrﬁx@ndaddﬁs dystamg)ehameli stricts
and ot hgdipgndkMatan J88s BGHSS HhiARHaSs %P%’f“i\df?{zg fleaf) e@gsc@[% é%f‘hg og ;,0 Anal og

Converter (DAC) and a de-serializer er op ects the
| d8er - risadrrdendydefnes g 3@!3115 Pl@maf&sdeﬁlssedude TAe perabwiretableancdliaritseifis convert er

de- ser igghekall ggaﬁaﬂgofj% ueh, efuﬁng%g g, the high speed DAC. The data then

| eaves t he access node on tan ohm RGG or RG-8 or other suitable

coax cabl e mnbiti EAdSkid RS dydfts, hPall; 1hb WS aRRE 868 wlhUy, a1 the

access node, ghe br oadband si 'S extracte er optrc cabl e
and t r APERAEY s Bepdrepd gnddthe virles, beéeftdhtatStr@mﬂ awclesnuitiplaxeidiut i disddudones,

apart nefikes data M%Q@%@WS@“MGS&[&? 5&16%9%?&05}@&0?)%& &gggte% ﬁ‘o?%| ort of

fustomers 1s generally acco Cri buti on

ti pI
gg es | elfith doynlinyk gtroqug andsogted) F°em°®iﬂt°tfﬂa$1@§iﬁerﬁ€e %b\hél@l tslevision chanmels.

The outputs ﬁ'om each modulator are then combined into one broadband signal. From this point

the combined channels are amplified and sent out, either by coaxial or fiber optic cable, to the
customers.

In a HFCS, before the combined broadband signal leaves the head-end the broadband
20 signal is modulated onto a fiber optic cable for distribution into the field, such as residential
neighborhoods, or business districts. Modulation of the broadband signal is typically
accomplished in one of two ways. In the first methed the entire broadband signal is sampled and
digifized using a high speed Analog to Digital Converter (ADC). To perform reliable digital
sampling, the data must be sampled at a rate at least twice the hi ghest frequency component to
25 mest Nyquist minimum sampling requirements. To provide a higher quality data stream, the
signal should be sampled at 2.5 to 4 times the highest frequency, which entails sample rates of
approximately 2 to 4 GHz. A paraliel to serial converter then shifts the parallel output data of
the ADC into a serial format. The serial data theh drives a laser diode for transmission over the
fiber optic cable. The second method is broadband block conversion where the entire spectrum

30 of the broadband signal is modulated onto the fiber optic cable.




10 ground | evel. However, as the signal is continuously split at the

- distribution boxes, the received bandwidth is reduced and the quality of
the signal is dimnished, thereby dimnishing the video, audio, and other
data quality. The digital channels that generally reside on CATV channels
79 and higher are fundanentally different than the anal og channel s t hat
gener al | y Wei#¥i8h channels 2 through 78. 15 The PEREPM$OdSIENNel s are
conprised of nodul ated frequency carriers. The digital channels, which
generally use the 6 MHz allocation system are digitally nodul ated using
Quadrature Anplitude Mdulation (QAM. QAMis a nethod of conbining two
anplitude nodul ated signals into a single channel, thereby doubling the

ef fecti ve babawnatdaccdsnnaled Pdosdighialbeighthtboelsgheinésistienafid fhéare@@Ch havi ng
t he sa n but di.fferi J hase by 90 degrees. The two 20
modul _atrrggg Sy e copatp a?*&wmgﬁﬁ@%ﬁ%%n%ﬁ?%m @A%dgéﬁmiéa Af ter
“transni dibérowptic Qedivet Gletebts 8 daxkrtodhBteistefial PE the Sb@RAtode. QAMadlel B8%eriAnd 256
each tr Lt 232, B4 and 256 bit er. si.gnal, respectively. QAM was
devel opggc;}ﬁ'?%erggﬁ%'g%es ﬁ’ﬁ%ﬁ?i%"n’gfs rg‘?dﬁ%hej’t‘g%e’ﬂ?@ Qﬁéo afgy thetl lepvedhe vi deo
conpr es sicess nodiomseniard TadhnCRGM @ Rl-$H6Gthen BtiBIE ki BB ST @Mt th evel s up
to QA 4 to enable up.to | ndependent,  substantially simnmultaneous MPEG
. video Q&h rgégﬂn%m {s pﬁeémse%ﬁ“fs’a%g}?ﬁ at"?%ﬁ‘.mdﬁeté‘? Frga Agnat s sxasted fopnihe t he

- coaxi al fibalopiix dable amitreasitred 1d Dcoakibivable that@hnebe B B@WIRA horfls! a%&%éhtst 0 a
t el evi shl%lr}l. E;SThe I’EC@i Vi n‘?é’ evi ce then _de-nultipl exes and de- nodul at es t he

video, -audro: VOFEEs % fustomessy [ SpPpgdrof mylfinle, sutemess iop®grly on can

di r ect | yecoreplishadehyttlensa Dadiaghusib:gbkes in tide bt fdr GRmPRX o B1eBRIAE Halkd o af €QUI T ed
foEOrecglglstiglqnw3 f.the di q%etal | y. encoded channel s residing on 30 CATV
channel 250 Fevy e as WEWA’%@@ b 5plibet Hh SRy hoyss; sherprsived

abov e- dbmdwidticis redetedmiditic qRLIE of tH&lgndl & NRmiEed HrEP BIAMBERA thORISY St ens t hat

enpl oy wie di such as tw sted-pair or coaxial cable, suffer from
per for W%Hr?{coégﬁd’lo ef%{tﬁ%lﬁuﬁty' caused by signal interference, anbient noise, and

spurious noiThe.digital thasds @anertllpnadidovos GATVRENA:S V5! AP highdd 658 _

B B L S B e oL
th wi r 8 ameldg chansiack opmprised of modulated frequency carriers. The digital channels, which
generally use the 6 MHz allocation system, are digitally modulated using Quadrature Amplitude
Modulation (QAM). QAM is a method of combining two amplitude modulated signals into a
. single chanmel, thereby doubling the effective bandwidth. In a QAM signal, there are two
carriers, each having the same frequency but differing in phase by 90 degrees. The two
20 modulated carriers are combined for transmission, and separated after transmission. QAM 16
transmits 16 bits per signal, QAM 32, 64, and 256 each transmit 32, 54 and 256 bits per signal,
respectively. QAM was developed to support additional video streams encoded with MPEG
video compression. Conventional CATV and HFCS networks may employ QAM levels up to

QAM 64 to enable up to 8 independent, substantially simultaneous MPEG video streams to be
25 transmitted.

At the customer’s location, the coaxial cable is connected to either a set-top box or
directly to a television. The receiving device then de-multiplexes and de-modulates the video,
andio, voice, Intetnet or other data. Although a television can directly receive the analogl signal,

a set-top box is generally required for reception of the digitally encoded channels residing on
30 CATYV channels 79 and higher.




overcone the signal transmtted. Therefore, noise within the wired nedia
significantly limts the available bandwi dth of any wired system or
network. Generally, the conventional w sdomfor overcomng this limtation
is to boost the power (i.e., increase the voltage of the signal) at the
transmtter to boost the voltage |level of the signal 10 relative to the
noi se at WRatWeuwdver. Wthout boosting the power EI/tsp@sesshsmtter, the
receiver is unable to separate the noise fromthe desired signal. Thus, the
overall performance of wired nedia systens is still significantly limted
by the acconpanying noise that is inherent in wired nedia. Increasing the
avai |l abl e bandw dth of an established wired nedia network, while 15

Coexi s'[( i ng Whe bbb @estiitd eaiviodna bndlaha ﬁaitv@di@sl ﬁzdtdoﬁiﬁﬁﬂicﬁﬁoﬁckyﬁt&ﬁﬁﬂﬂhdt hed_

net wor epr.esent.s an, opportunity to |leverage the existing wired nedia
net wor WWPMVH@P{?&W@ %g&ﬁeélmagqﬁ‘@xﬂ%‘?apl? ergfom pergpaee iffationonal ity.
Sever alcansed by cignah irflerfefnbd) nGibiRE doR¥ Sand 8fNoR MRLS 8¢ theontdrBdhaPiRed OeNEral |y
conmput ati.onal ly int eﬂ%e,, heél%g é;lost l.y. The present invention may be

enpl oyé’&‘Edfarfygﬁés’ {Rrpeligiations ifcidhe Ruplatle sstem hoadpigthagisance.pnd sgTiol e, or i n
past . Tagekity 6f thetsystah WeEdsd Y ndis ool sighd] BfbrRMedn 13 W5 AdiE PRNlyal cabl e,
and wireless deéllafﬁs’ {S!Fgéh as satellifes. As defined herein, anetwork is

a group BFORIpeE ansgpfed Thegrfe aplsyvisyn the ivetinedia vignfiqanibiimits fhre
ConmMuniag4lable baridaidiofBy whed Sannerisshy wires, or they may be wirelessly
connect ed. netwosr k as defined herein can interconnect wth other

net wor ks an Y- dhecomypopenalBisiam fon oprseonmnadhis dimifationie beatt depowen be

char act(py.,| iddehsd fhe V6itag® ofthe dfmad) 25 8 truRinitith BI1R0S The voRige FNANTRe sighhiCh as a
Ig al area ne wor, k g AN),. a netropolitan area netvvorgk_ (MAN), "and a w de
area nét Wf’i&o% e a @ﬁ%ﬁ}vﬁt patheut beostipg thepawenat thedransmaitiernibe epdivesn al so  be

char actuasblzteyats i dolsh Goml ihéladsed HANAEMIRA] 0 b RANPRLAGY I B wi2g on it, for
exanpl TCP/I.P . network, and a S%?gms Netvvgrk Arcﬁ_ite?:ture net wor k,

e, A . an( : . : ur <
among Giefiasustony iy cqutlyimitedchy thepopamnnyiag noisedbat fenhawd Acvisdi zed by
whet hetmeldia. carri es voi ce, data, or both kinds of signals. A 30 network as

defi ned herI(Iali n can_al sq@ﬁ]g characterized by who can use the network, for
exanpl e, a DHEASTEECthE gvillaRle bandvidihn ot an seiaklished VipsdTredie ietveork. 1 Wiles of publ i c
nes wor keexistigiwih fiial sbav@itiond] Wik 20044 AR W HROAR AL Rprsents an

opportunity to leverage the existing wired media network infrastructure to enable the delivery of
greater fimctionality. Several methods and techniques have been proposed, but they are
generally computationally intense, hence costly.

- The present invention may be employed in any type of network that uses wired media, in

20 whole, or in part. That is, a network may use both wired media, such as coaxial cable, and
wireless devices, such as satellites. As defined hetein, a network is a group of points or nodes
connected by communication paths. The communication paths may be connected by wires, or

they may be wirelessly connected. A network as defined herein can interconnect with other
networks and contain subnetworks. A network as defined herein can be characterized in terms of

?5 a spatial distance, for example, such as a local area network (LAN), a metropolitan area network
(MAN), and a wide area network (WAN), among others. A network as defined herein can also

be characterized by the type of data transmission technology in use on it, for example, 2 TCP/IP
network, and a Systems Network Architecture network, among others. A network as defined

herein can also be characterized by whether it carries voice, data, or both kinds of signals. A

30 network as defined herein can also be characterized by who can use the network, for example, a

public switched telephone network (PSTN), other types of public networks, and a private

6




network (such as within a single roomor honme), anong others. A network as
defined herein can also be characterized by the usual nature of its
connections, for exanple, a dial-up network, a swtched network, a
dedi cated network, and a nonsw tched network, anmong others. A network as
defined herein can also be characterized by the types of physical |inks
that it ewpl2en8019%0or 5 exanple, optical fiber, coaRCEDS2E@M018852 a m x of
bot h, unshielded tw sted pair, and shielded twisted pair, anong others.
The present invention enploys a "carrier free" architecture, which does not
require the wuse of high frequency carrier generation hardware, carrier
nodul ati on hardware, stabilizers, frequency and phase discrimnation
har dvarmetvark Gtthas wikiniacigleestpl ahoshe), AmepuRal iA0Takork 6 defifdherdiaflOMai n
CO””“”E@%H%QQ s%gtqfﬁ. Thqﬁgr sen %lnventlon dranatlc%éh I ncreases the
bandwi SrORBRGERY PO R USHRLPHGE RE 1 RasReclifgs &Y sgmnly 2 netloR, an be
i _nexge rmiihyhki)nemdﬂpt tdy@}ﬁmmmm smqm@?memmw i Cedn® BthE:Q. N’i%tv@m 3 ti S?h o
wre | wor k. present invention provides 1 ncreased bandw y
inject?ﬁg@%ﬁa%ﬁpﬁﬂﬁﬂfgg%gﬁﬁ5¥§”¥ﬁ$ s'ﬁ@mﬁhmﬁﬁwwﬁgaPﬂﬁgﬁﬁﬂmﬂﬁmmbﬁ%ignal into
t hé exiextmmple ogftidalilie, @oaial Sablk, 5 hDSETHURNinshicldddtwisRAPHiB 2fd iHki-WMBsisd gnal at an
- end node set-t& box, subscriber gateway, or other suitable |ocation
UItra-ﬁ?%éﬁgﬁ%? " impul se radi o, enploys pul ses of el ectromagnetic energy

that are efh prenicihveRAOGRIGH A “Glrrigr @S RRHRGmIe) WaicK Abs roORARRakd Y tens of
pi cosecgn [ For this reason,

‘medgg%gf? few nanoseconds in duration), 5

ul tra-wad CUEEY ERNY Foperaion hariyars, cprign wodulatign haydware; siabilizgssi t at i on

pul se ifequety andrptash afietimaiel birdvart\B Jlias @lis® LRGPyl Gh "Reventdaf | er 20

fﬁ e" i.n &pat no.aggaremt.carrier Hieguency is, evident in the radio

f e queiEgPeRREoraal, Fomigicatipn. gystems. | The, QresRpR I Etion <iramaically Apese thed wi t hout
modul agsmwiclimtcﬁd@nﬁ?ﬁ@ammoﬁlarmaﬁaern?pﬁdyequﬁilw?ﬁdia,i But 6ANGy Bkpoiiilely o
convent, gnal, radi.o freque echpol ogy. U tra-w deband requires neither an
assignSﬁ%ng&H@ﬂ&%ﬁﬂﬁwg§m§§§%wn ???#%#W“%%ﬁ%@ﬁ??ﬁﬁ%l rad?o f r equency

tﬁgh 33' gg_y mh r%ﬁﬁtdiﬂﬁmﬁd}mmwﬂessiiﬁﬁeaswuﬁﬂwidﬂﬁby ﬁﬁ&}ij;g@%é bihwf ighferd Wi th gat a
enbe in the nmodul ati.o t he. sine waves' itude or_ frequency. or
exanpl %Ppogmgoaﬁlv%lﬁﬁ ‘i’?ﬁ?ﬂdc@{% signg) H’E}Hethwtm@p‘%‘rgls’&“%tmé sphsequeRy ar Y

f i2queneyvdrathed (OVBasignplaattancanl aodepisetitb bk, littorivet ghteddye BSH& suSBRCE r UM
Specifk%ghjy, ﬁQ Heﬁganited St at.es, the Federa Commyni cat i ons Conmi ssi on
has al IGested & > BHBRYSS PN PYSFS of floptrpmagesc prprayghat are

emitted at nanosecond or picosecond intervals (gemerally tens of picoseconds to a few
nanoseconds in duration). For this reason, ultra-wideband is often called "impulse radio."
Because the excitation pulse is not 2 modulated waveform, UWB bas also been termed “carrier-

20 dfree” in that no apparent carrier frequency is evident in the radio frequency (RF) spectrum. That

is, the UWB pulses are transmitted without modulation onto a sine wave carrier frequency, in
contrast with conventional radio frequency techmology. Ultra-wideband requires neither an

assigned frequency nor a power amplifier,
Conventional radio frequency technology employs continuous sine waves that are
25 transmitted with data embedded in the modulation of the sine waves' amplitude or frequency.
For example, a conventional cellular phone must operate at a particular frequency band of -a
particular width in the total frequency spectrum. Specifically, in the United States, the Federal
Communications Commission has allocated cellnlar phone communications in the 800 to 900
MHz band. Cellular phone operators use 25 MHz of the allocated band to transmit cellular

30 phone signals, and another 25 MHz of the allocated band to receive cellular phone signals.




MHz band. Cellul ar phone operators use 25 Miz of the allocated band to
transmt cellular 30 phone signals, and another 25 MHz of the all ocated
band to receive cellular phone signals. 7 WD 2004/001994 PCT/ US2003/ 018352
Anot her exanple of a conventional radio frequency technology is illustrated
in FIG 1. 802.11a, a wireless |local area network (LAN) protocol, transmts
radi o freleWePiVignals at a 5 GHz center frequerRSIUSHIOIMHSR2r adi o
frequency spread of about 5 MHz. In contrast, a UMB pul se may have a 1.8
GHz center frequency, with a frequency spread . 5 of approximately 4 GHz, as
shown in FIG 2, which illustrates two typical UMB pulses. FIG 2

Il lustrates that the narrower the UWB pulse in tine, the higher its center
frequency aﬁ@oﬂlﬂéxanmi@aﬁemnwmaompredmcﬁaqﬁemy teclirobgy énillystraee & FIGNL, This is

becaus N EHULRE he tinme duratio of t he
pul se. 680518% pl c%egéelégér%gy %b%%pulg {octﬁ’ar}{f’@mg%&ﬁct‘ eqpengy siggals o
_frequerﬁiy‘!zcemﬂﬁ'ﬂqaenbﬁerqihemaigoi"sqzqnmylspméadapqrhromﬁma y 4 GHz. And a 300

pi cosecond 0, ave GHz center .frequenc with a
frequency s?onr eg%F app?om rﬂ% lagegz—ifentefﬁrﬁ%“enwﬂbﬁﬁg@gn é’é?f@%ﬁally do not
opér at @l wprrérimately 4 6tz 4si shovhr mdﬂ[@.m; yvmchmusmm typickl IUWB bulsédn@idgecause UVB
pul ses et nel enc

commnllg‘gsﬁ?tgsﬁ{hgt;tg g%sog% 8\ corﬁ"ﬁ%ﬁl% gh’é’f’r&g‘ 6 g‘éﬁ'é“:‘%es such as
100 e daserdhesprcad oféls fmghonny sppearh.eThis ik!liedﬁusretﬁh@lren&jﬁi AivérSelPfropdvidnbie C hnol ogy
are di t atent t he na Gerald F.
Ross, Q&gﬁ trtl ugahbﬂpgﬁ% i?{ss‘gl %n Ao e ﬁé%%pﬁ%@np'%ﬁﬁﬁ?‘fecﬁm%gg&ﬁﬁng and
Recei vﬁﬁ@ergaﬁﬂeen%rvdthmw sprehd ef @p@xﬁh&tel)mt(m;m AR 31300 tpicasecé@r- Short

Bage- Bpge tem h|s referred tq an

|2€orporat Eﬁki&rel YRt ?%cteli‘t%e%ﬁu - o § AP BT °f%°’ﬂdn§'i9g’ because

t he UWB Gidg. s'éhus,sUWBrlmﬁds generalhsdouiot @psdrite ity Avpelefid F@EURNCH shevgm, the

power sgdm € Ol S ific frequ very | ow.__Faor exanpl e,
a UAB one- wa %t@%alﬁ%n on ﬂ’g IRV SR gi‘%ﬂ?l EHFReE gees ne- waf t
over t hemwpitation fysteqs @iveycomamnipatiofs ityerythiph datd a6, subh aI0Y nSbaih ferf r €quency,

such agegladr rrier frequency of a CATV provider, the UWB pul se power
presentecl S Oﬁ% {r%gno watt (for a frequency band of 1 GHz). This is well

W t hin
| 15 Further details of UWB technology are disclosed in United States patent 3,728,632 (in

the name of Gerald F. Ross, and titled: Transmission and Reception System for Generating and
- Receiving Base-Band Duration Pulse Signals without Distortion for Short Base-Band Pulse
Commumication System), which is referred to and incorporated herein in its entirety by this

" reference.

20 Also, because the UWB pulse is spread across an extremely wide frequency range, the
power sampled at a single, or specific frequency is very low. For example, a UWB one-watt

signal of one nano-second duration spreads the one-watt over the entire frequency occupied by

the pulse. At any single frequency, such as at the carrier frequency of a CATV provider, the

‘ UWB pulse power present is one nano-watt (for a frequency band of 1GHz). This is well within
25 the noise floor of any wired media system and therefore does not interfere with the demodulation
- and recovery of the original CATV signals. Generally, the multiplicity of UWB pulses are
transmitted at relatively low power (when sampled at a single, or specific frequency), for
example, at less than -30 power decibels to -60 power decibels, which minimizes interference

with conventional radio frequencies. However, UWB pulses transmitted through most wired

30 media will not interfere with wireless radio frequency transmissions. Therefore, the power
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25 the noise floor of any wired nedia system and therefore does not
interfere with the denodul ati on and recovery of the original CATV signals.
Generally, the multiplicity of UMB pulses are transmitted at relatively

| ow power (when sanpled at a single, or specific frequency), for exanple,
at less than -30 power decibels to -60 power decibels, which mnimzes

i nterfer eWBEWRIIPK conventional radio frequencies. PAHRRPEPISITB pul ses
transmtted through nost wired 30 nedia will not interfere with wirel ess
radi o frequency transm ssions. Therefore, the power 8 WD 20041001994

PCT/ US2003/ 18352 (sanpled at a single frequency) of UWB pul ses transmtted
t hough wired nedia may range from about+30 dB to about -90 dB. For

exanpl esampledamsingls fegrengpie UAVB yulesphoyited tooghwiadd malil reaytrag fotmans i t s

anal og cy carrier. Generally, anplitude nodul ati on (AM
or ggou‘gslte%bg% veE "5 are used to transmt the anal og data. Since

dat a transnF@ﬁXmmlarm@@w syst@ganenany emplGYaM coaddll cablgnisat Sramsmilts amogi St in this

enviro | e A

mul ti p%&k\fﬁeh %%a&s]r%e ar{%gﬁﬂ’ 8% r e'r\4 aﬁl Bﬁﬁig} é‘éllﬁg‘%ﬁcélg%ﬁtl%‘bé’r‘fs) si gnal
(f% ciamlbgimgpmses@naadoggma mwﬂamuﬁsmsmfé@implm&mmmm systemb t
mul tip i er re mtted a Li equency, bu
10 at f%@gr&{enn emﬁalgg%é Py IOV\?sutr%rfefere g’a‘?‘@aiﬁedﬁ égnﬁoMg

si mul t awdiinlisd \ylﬂcamsmeet thel carriehitequarse. Tife restliant sigal y(§can beagprésemedhiase” and
"quadrature" carriers can carry data signals Mc(t) and Ms(t). The

resul tant signal t) can be . repre t) = Mc(t)CGOs(cot
+Ms(t) Si n(c)?) HO\(Nezler &f)sp éﬁ@t §g@v§ 36/151 )UV\B sygt)emtgans?n'ts a

narrow ti me domai n pul se, 15 and the SI gnal power is generally evenly
spread dvvi.dth ccu the naI

i nst anthg% ouslg? g%%%%?ﬁ% GER™AE %arf Mﬁf‘i%&ﬁ” ‘?réiﬁq‘fefl‘@’qgéncy, t he
UWB pulebdifergnd plsesp ﬂ"bsehﬁwmmﬂttharwgnds uajetsm(mtm:aomj daftipt ehaye dgdet of 1GHz) .
This i Q] 1 oor of red a a

t her ef?)vrv heés\é\%ﬁn?)}tl '{) ug&atm h4 e °3%ﬁ% ts’lgﬂﬂsnglg@ mﬁé@bﬁ% of the
origi n%ﬂmﬂﬁﬂammmaepms@tﬁdla& 20 Wred nedia comuni cati on systens
suffer fromperformance limtations caused by

() = Mc()Cos(w,t) + Ms(£)Sin® £)

_ However, as discussed above, an UWB system transmits a narrow time domain pulse,
15 ~and the signal power is generally evenly spread over the entire bandwidth ocoupied by the signal.
At any instantaneous frequency, such as at the AM or QAM carrier frequency, the UWB pulse
power present is one nano-watt (for a frequency band of 1GHz). This is well within the noise
floor of any wired media system and therefore does not interfere with the demodulation and

recovery of the original AM or QAM data signals.

20 Wired media communication systems suffer from performance limitations caused by
signal interference, ambient noise, and spurious noise. These limitations affect the available
‘bandwidth, distance, and cé:rrying capacity of the wire media system. With wired
communication systems, the noise floor and signal interference in the wired media rapidly
overcome the u'ansmitted carrier signal. This noise on the wired media is a significant limitation

25 to the ability of the system to increase bandwidth, UWB technology makes use of the noise floor

' to transmit data, without interfering with the carrier signal. Moreover, UWB transmitted through

a wired medium has distinct advantages over its use in 2 wireless environment. In a wired




signal interference, anbient noise, and spurious noise. These |imtations
af fect the avail able bandw dth, distance, and carrying capacity of the
wire nmedia system Wth wired comrunication systens, the noise floor and
signal interference in the wired nmedia rapidly overcone the transmtted
carrier signal. This noise on the wired nedia is a significant limtation
25 to t heWABIBP M4 of t he system to increase bandw RTHIS20MB312chnol ogy nakes
use of the noise floor to transmt data, without interfering with the
carrier signal. Mreover, UAB transmtted through a wred nedi um has

di stinct advantages over its use in a wreless environment. In a wired 9
WO 2004/ 001994 PCT/ US2003/ 015352 environnent there are no concerns with

i nt er s yabisdnmienit theré ereenvc eyncamdwitih mteesyaibel nerfeemee iddSthert @teddid SGodrs MUl ti - user
interf Al I ex | e, CATV channels typically occupy 6 MHz i'n the US
and 8 %@%E%EE‘&%%}&%%&% channel s are arranged in a re-occurring pattern
begi nning at approximtely 50 MHz and 5 dependent on the CATV system

ext end upwaFer exanpls CAVMZchamBB tiidally &ctapyMHHz in GeldJSoand SINIEEhiarEurophe pr esent

i nventi [ I knj ecti | Lses. into the 1St TV

I nf rast%%t%@p%ﬁgg%é%%g}% 0 %rgtﬁe%%#lgp%mu atgggjﬁtabggzg I sting

f r équerfsyendrhen fie CATYrystom, oxthdd npwmdito 550 Mike 751!/\&1?1 YiMHEz, daBHL ardr y vaﬁt
anount g; [ ' | el " ' ' ] i me. donpi 10 The
ot esont e o OB Aalibl B Qb & niolERYAS bl i SeTRAREEATY it oo

medi a ipfestisioe. t Shese GRERsignhleido mo ditérfdd er Bepnallni entisting Peqpbieyablgin t hi s

additiq b ] LS (RPL &l by i oduci n sj.gnals i nt.o the
exi sting dat gﬁ{ﬁ}ﬁ%r%gﬂ] ﬂs'}il on %iﬁgcaﬁr (%’ag’y'\%a%t ag“r"(‘%%tag’ﬁ%g‘ﬁﬂﬁ‘%\ Wﬁﬁsdlg%%lst em
oper at dwearingig fg-timedlomaly. shown in FIGS. 3 and 4, the head-end may include
sqgeral c Py r t satel Lite. receivers
209 he channal e ey ailal pBfald  ARhEE T RlAB el $P et sl oy o
t r ans nivetverk/te atpmienigheiHailobletbendwadih.y BleferablyyBissiidjtiadabbantwidibds olitatieioduced i nt o
t he vvirqugﬁg' ek - Lons, such as the Lnternet router
90 or a? t eln%ost %#stigfo t?i%ﬁnﬁnréa‘% % o?SiogtCHadﬂgn%t%?a S FABME | ocati on.
I n | i keysteaspierator's digdghand s yAst showo pe FKISo B sind dn thedead-smel mayrieclodet evdralom
i ndi vid i Wl CJ. 16 rihen- generat aLa into
i st 1 e ongts S6h o8Bt bl 16 Sl STl 20 e SRASA B a2

15 the combiner 30, and the fiber optic transmitter/receiver 35. Alfernatively, UWB signals may be

introduced into the wired media network at other locations, such as at the Internet router 90 or at
the host digital terminal 80, or at any other suitable location.
In like fashion, cable system operators can receive more data from individual subsciibers
by introducing subscriber-generated data into existing upstream channels. The present invention
20 provides UWB communication across fiber optic and coaxial cable, twisted pair wires, or any
other type of conductive wire. A wired media network will be able to both transmit and receive
digital information for the purposes of telephony, high-speed data, video distribution, video
conferencing, wireless base operations and other similar purposes.
Referring to FIG. 3, the wired ultra-wideband comnmmication system 10 is configured to
25 transmit ultra-wideband signals over an existing network or system that includes wired media.
For example, the wired ultra-wideband (UWB) system 10 may transmit UWB signals over an
existing community access television network (CATV),' an optical network, a cable television
network, a community antenna television network, a hybrid fiber-coax television network, an
Internet service provider network, a PSTN network, a WAN, LAN, MAN, , TCP/IP network, a
30 college campus, town, city, or any other type of network as defined above, that employs wired

media, in whole or in part.
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20 provides UWB conmuni cati on across fiber optic and coaxial cable, tw sted
pair wires, or any other type of conductive wire. A wired nedia network
will be able to both transmit and receive digital information for the

pur poses of tel ephony, high-speed data, video distribution, video
conferencing, wreless base operations and other simlar purposes.

Ref er ri ngWMOg0@p@943, t he wired ul tra-w deband comPERERMBBEBystem 10 i s
configured to 25 transmit ultra-w deband signals over an existing network
or systemthat includes wired nedia. For exanple, the wired ultra-w deband
(UB) system 10 may transmt UWB signals over an existing community access
tel evision network (CATV), an optical network, a cable television network,

a comuni ty Quatemhodimbg|of tiesvied UVEB wondimitibry Bisted 10i ib @lustetsddn FEG.gvi si on
a PSTN net k, a WAN, LAN,

net wor k t servi.ce . row r
VAL T Bftenal ! 13 hoc el iR B B RS ronfon o mgft el el T 0 e ot
net wor kslmsm)def&ddmmhahldatvmaytbhae%m bp y@reptifleddblesTreli @ires dhdWioleRestlal i N part .

communi PAT TRV B dir P ErpCRPlpan] s 5o el e m 15

recei ve&examamded\zo dtecarhitt Idr&ivarslmfthut dehddafatel thodaORD Rpardt® melics @ided | i tes (not

- shown) t onal at.a. nay. by te rial bI es and wires and
by ter rae]fsa'igrg{laa ](egfsé%@mé ?ﬁ%ﬁqﬁ%&%ﬁ”’féj ‘?"éﬁ%fﬁﬁ% H‘TFQ‘Y % nt
di st ri berogram smds;mh ag &NES)MTVh&‘hd&ia&elﬁo@ldtdi@Iﬁ zﬁﬁremrstgaamhm alrdiio satel lite

receive embdul ate th te audi vi deo, and data
st reamsﬂ mgkﬂﬁf%‘??ﬁ’ﬁ% oél ngg 5@"&‘? ftB%?)rfEﬁéf‘Fg hedeeeved 25 t hat
recei veonHyeubspnlmg;r am signals, such as CNN or MIV. The channel nodul ators 25

7 3 Pl KB geb R e BB i g D 1o

The mul signpls éntiE sivigtpnaitsat. alBat ﬁshm cfomrow sbeﬁca*ﬂ:s %e%ﬂ@hrﬂ@fgnﬁ@ﬁ‘bﬁl&ﬁe conbl nes
orrbl ner

t he mul to a e out p

recei veglhlﬁlﬁlgm%dﬁ%gr ?‘rf%'? E‘P?esf o?tﬂés a?ﬁ??‘e‘f glﬁ&ﬂ‘i?"é‘f’ﬂ o &iengh fp conbl nes
t hem onbho ﬁherswpmltmnmmﬁec&bbx%ﬁndrhfe?bwdscdbhea@zingélﬁéntTaﬂd ﬁ&ﬂﬁ@of:f bber opt :c c

transm r ove- desc ment and function o

channelclijEﬂﬁ]ﬁ{lJri;'(f;l%tﬁg0 eifsaﬂgﬁ?i&é'ﬁﬁ%%ﬁ@?éf%aﬂt \%&’F £Wﬁ%ﬁﬂeé%?é’ﬁt"f e of wired

- meldi a net woARditional andio, video, or other data signals recewed from either the antenna farm 15 or

from terresirial sources such as fiber optic or coaxial cables can be routed from the satellite
receiver 20 to the service provider ultra-wideband (UWB) device 40. The service provider UWB
device 40 converts the audio, video, or other data signals received from the satellite receiver 20
into a multiplicity of UWB electromagnetic pulses. The service provider ultra-wideband (UWB)
20 device 40 may include several components, including a controller, digital signal processor, an
analog coder/decoder, one or more devices for data access management, and associated cabling
and electronics. The service provider ultra-wideband (UWB) device 40 may include some, or all
of these components, other necessary components, or their equivalents. The controller may
inchide error control, and data compression functions. The analo g coder/decoder may include an
25 analog to digital conversion function and vice versa. The data access management device or
devices may include various interface fimctions for interfacing to wired media such as phone
lines and coaxial cables,
The digital signal processor in the service provider ultra-wideband (UWB) device 40 -
modulates the audio, video, or other data si gnals received from the satellite receiver 20 into a
30 multiplicity of UWB electromagnetic pulses, and may also demodulate UWB pulses received
from the subscriber. As defined herein, modulation is the specific technique used to encode the
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15 Additional audio, video, or other data signals received fromeither the
“antenna farm15 or fromterrestrial sources such as fiber optic or coaxial
cables can be routed fromthe satellite receiver 20 to the service

- provider ultra-w deband (UWB) device 40. The service provider UAB device
40 converts the audio, video, or other data signals received fromthe

satel litevpeweduwd 20 into a nultiplicity of UV\B RlTasewssiihet i ¢ pul ses.
The service provider ultra-w deband (UWB) 20 device 40 may include. several
conmponents, including a controller, digital signal processor, an anal og
coder/ decoder, one or nore devices for data access nmanagenent, and

associ ated cabling and electronics. The service provider ultra-w deband

( UMB) cwéib,cﬁdeﬂ;oomyeridmalmtdﬁ nammm'cmoastaWB pulsés. Lﬁwaﬁx@mml | rAgRbISsignalt helr .
necess nen r thei |ya ent e.controll e ncl ude
error ?%%cte %g{%g%%&@%{? gméﬁcﬁlﬁ?‘&@f FaeQy r?EPﬁ‘Srn 12 WS&W&M&I@% 9tldecoder

i ncl uddJ&B pﬁl&eﬂhalmrg Iimze alivgation lthat My eigd Wufwdehl Alidut O naidbcds & aBESa. The
data a evi ce.or cl ude varlos | terface
functi gﬁ@ﬁ@g@%l&n ﬁ@g flétcfdﬁ%‘ﬁfyglmg&‘f}%ﬂ E BRERis at gt d coaxi al

cabl es pOWhaiedbcjstbaﬁOﬁov@naéclbprsaﬁeﬁmfedhﬂoésmtﬁ:@dhﬂﬂtﬁﬂi- chicfd. der ul tra-w deband
(UWB) devi c uggul at es tgg_ vi deo, data Ssj naI S received
fromthe sa P YR GUpRom and Fanspy Bowefw”ﬁﬂ?rﬁ pe,ng*n\gyn saverehApe °rs

_ 'telhect r Mgnﬁtm@duhubls mhm@gdhemipMy aliffepenel met Ppuré ﬁm!,ﬂgﬁh d@[udl@e%?a 95‘?¢rVﬁd from
e su ned herein i.on e specific technique
used t gargfr’sicg% A re’f’uegt m‘iefhwnﬁﬁ’(ﬁ'ﬂ? ﬁ&?@@%ﬂﬁé‘?ﬁmm gs to SR 20y i deo, or
ot her -dBVR s:gnalcncmsmmhfﬁrbd)tnlemmhy Ok Wb S8S) fol 0f iR Rise boicdi gi t al
e e A
5|gnals 'n I h i on that
Bzyt ;:rpglee mm::bdr eI aﬁygeenlim owegmnTﬂﬁte Olpﬁl% I esgc'?ﬁgfl ggdSmay
power g% E&%&%ﬁu Wgegéﬁwﬂgqsgconwaﬁ%ggﬁ&@aosg@nggg te fatenity dnsnit t ed
fr equelsneylﬁc'ﬂlmtalMB qm:li Ssaa dor aéta or. andhib FRABA A RE 2ROWE of EBY mkghg, dependi ng
on severs "m a %Ess “Br% I ent dm%(réi%s chwﬁghgwggerem UVB
pul se timn durat i [ envi si ons
sever alfashipf fsmnlhntto tibat hissctiiets ir OB, rtehio dpplicatidnr eitiged, t"BRCODIVE Agnal acr oss
a Wi r e PRl iR SBRAANB YroRRATION BT RS 005 soB (aSE, BOST L1 on
John H. Santhoff and Rodolfo T. Arrieta), which is referred to and incorporated herein in its
entirety by this reference.

An alternative modulation technique may use pulse mnplitud;; modulation to transmit the

UWB signal across a wired medium. Pulse amplitude modulation employs pulses of different

amplitude to transmit data. Pulses of different amplitude may be assigned different digital

representations of "0" or "1." Other envisioned modulation techniques include On-Off Keying

10 that encodes data bits as pulse (1) or no pulse (0), and Binary Phase-Shift Keying (BPSK), or bi-

phase modulation. BPSK modulates the phase of the signal (0 degrees or 180 degrees), instead

of modulating the position. Spectral Kéying, which is neither a PPM nor PAM modulation

technique may also be employed. It will be appreciated that other modulation techniques,
currently existing or yet fo be conceived, may also be employed.

15 _ A preferred modulation technique will optimize signal coexistence and pulse reliability

by controlling transmission power, pulse envelope shape and Pulse Recurrent Frequencies

(PRF}. Both pseudo-random and fixed PRFs may be used, with the knowledge that a fixed PRF

may create a “carrigr-like frequency,” which it and its higher order harmonics may interfere with
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nodul ation that varies the timng of the transm ssion of the UAB pul ses.
One exanple of a pulse position nodul ati on system may transm t

approxi mately 10,000 pul ses per second. This systemmay transmt groups of
pul ses 100 picoseconds early or 100 picoseconds late to signify a specific
digital bit, such as a "0" or a "1". In this fashion a | arge anbunt of data
may be twaRMwpueded across a wired nmedi um Al t er nak¢RNEReps/01835¢ UNB si gnal
may be transmitted in a fashion simlar to that described in U S. Patent
Application entitled, "ENCOD NG AND DECODI NG ULTRA- W DEBAND | NFORMATI ON, "
Serial No. 09/802,590 (in the name of John H Santhoff and Rodolfo T.
Arrieta), which is referred to and incorporated herein inits entirety by
this r alicedengsied Ancoakdntomb R ¢arsiingk] Howtes MihGUReBYards@a PRElEL anpl i t ude
nmodul ati.on.to tra [ acr.0ss a w red 'medium Pul se

sm,t .t he si gnhal i
Tl 1 ¢ HEOHES rriRERe bith Boied BRF Stsdiogty Frrith (e SuboBPEL RIS RGET arvsri ¢
dat a. I?aﬂtdSﬁ_sPRFfmdicuIaEiaﬁ &mnicﬁliﬁiahfﬁmc'x i e REYWBPuRS %ié@r@s ﬂfh’; {sfsﬁi;ﬁdtmo kgi t al
represen 10NsS O or, . er envi si.on noqul at 1 on ecnnl ques
i ncl ud@‘mfﬁfy °R‘8i}‘?"ﬁage 5 Higligleonsen quersnts e the vaéegamdsaemmma?ﬂmo pul se
(03, anterbhtaaUWH hdseenPilofet shafiyl 1ag tHe BRESHInal Afvarltige dpham@IAB Hel@vkon. BPSK

nodul at es, t.he pha of the signal (0O degrees or 180 degrees), instead of
nodul aPP%Ed{aﬁégﬁﬁﬁétﬁﬂrWﬁ%%&ﬁhﬁqueyi ng, which is neither a PPM nor PAM

nmodul ati on Sdverahudvategey Bkt vhed ralRriBinPU AR HIsed throthi WirkEme@Dis8Fpoaded t hat

ot her anuIat.o chqlq%gf, CUIFGH%%%HEXISIIHQ or_yet to be conceived,
may al & ﬂ@mgﬁ‘ﬂﬁngb@dl?“ S8 1hrough B Veirglesyy b at releest LW R rageraissigns mushht i ni ze

si gnal casis atieRees &sePSYnsal m%@ﬁﬂeldsgyand B OB TRbrkdrdhBe (MBI IS Si ON
pgier, fuhse envehﬁfe sggggg%%&ypulse ecurrent Frequencies “~(PRF). Both
p&Budo oF KHHLFAD SR LY Yol of JIWR drapsmissions, Sqms medylafientgedmiates " a i xed
PRF  meiychas PéliecAriplivgdaMddlatidn (RAM) vASSHUTEY the abiiy G& gl'[%h ndifdes adingher or der
harm)nlaﬁs ma% i?nter.fere MWth 12 WO %0%001994 P US2003/ 018352 t he data
carri e§I5HYE Bnlomn Mirgless) digmcesar Thess 2pd Aipcises, 1dovRal @pply i LWV PB&®udo- r andom
PRF t heansgiitfell ot inlize® fe@A CRUIGHE AL MhkiPatiRisbieX Afte RRFhGE S US PBbdeiitivoi ded. One
enbodi ent 0%1 a pseudp- ran oggtiPRF nodul ati.on techni que may i ncl ude a UWB

pul se SAPLPEHETE REtent & LKy . Thereigrentt i gstigiated b e AbaMadebEd hi gh
f i quesemoneybeRbie tetrdnkiait ddth@riss £ @RcdRdihd: WAYarps fdmald Mbit/secondto 1

Gbit/second. This data rate will ensure that the bandwidth requirements of any service provider

can be met.

A preferred embodiment of the service-provider UWB device 40 will spread the signal
energy of the UWB data stream across the a bandwidth that may ranger from 50 MHz to
20 approximately 870 MHz or as discussed above, to 1 GHz, or higher. This will ensure that the
signal energy present at any frequency is significantly below the normal noise floor for that

frequency band, further ensuring coexistence with conventional RF carrier data.
For example, a UWB pulse would have a duration of about 1 nano-second in a UWB data
stream that has a 1 GHz bandwidth. Alternatively, the UWB pulse duration would be tailored to
25 match the available frequency of the specific network. For 2 CATV or HFCS network located in
' the United States, an ideal UWB pulse would generally be about 0.5 to 2 nano-seconds in
duration. This is because 2 conventional CATV or HFCS network located in the United States
typically utilizes a maximum frequency of approximately 870 MHz, but has the capacity to
utilize up to 1 GHz. This bandwidth allows for a 1 to 2 nano-second pulse duration. A narrow
_30 pulse width is preferred because more pulses can be transmitted in a discrete amount of time.

Pulse widths of up to 2 nano-seconds may be employed to gnarantee pulse integrity throughout
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5 attenuate. UWB pul se envel ope shaping has the additional advantage of
controlling the power spectral density of the transmtted data stream
Several advantages exi st when transmtting UAB pul ses through wired nedi a
as opposed to transmtting UAB pul ses through a wireless nedium Wreless
UVB transm ssions nust consider such issues as Inter-Synbol Interference
(1'Sl) anawhaewprer I nterference (MJ), both 10 ofCIusewsoigsn severel y
limt the bandwi dth of UWB transm ssions. Sone nodul ati on techniques such
as Pul se Anplitude Mdul ation (PAM, which offer the ability for high bit
densities are not effective at long wirel ess distances. These, and ot her
| ssues, do not apply to UMB pulses transmtted over wired nedia. In

addi t i ahgitimatonnitanspiadidu, i sepids add ssformatbn ke tle WS nebsprikepadgeice G0, del ay

probl e sent, i,n i red. medi.um Therefore, jt.is estimte hat an
ul tra- Vr\;@ e&%%@ﬁén ﬁ%@@?‘ﬁgﬁvﬂ% “ﬁgfdg’ﬁ Icﬁlc'gageﬁﬂﬁeﬁls%t%e feanepcy rospse % red medi um
in a rapgdicdwicdmb@o spdrnt./ second to 1 Ghit/second. This data rate wi ||
ensure that,the b i dth r irenents o ervice provider, can be net.
A preferred gﬂ@%ﬁﬁﬁﬁggﬁwﬁ%ﬂgw%@g_ ﬁ?%% 68‘3’\95‘8@%6\7&% spr ead
thé si gradider &IVEB gigvied 40 he Hd\Bntbiien 36 whidincasbigsihé hBWVB daradwiltie t hat may
ranger from S5Q Ml 10, 2 roxi npt el 70 MHz or as di scussed above, to 1
GHz, o *RiBIEr. e e SRR Wm@%@%%%&% a3PeSHRiNSt any
L r egue_mhwcoi;]wenﬁdmghRF icarging diynabedta \stahded fmiﬁﬁépliﬁl@i _saese‘cllnm%r(:ixé é&ry_hlgamed I r eqt; ency
an’ft'Hﬁ]ta r _ensuring coexis e wi.th.conyentiqnal . carrier, data. For
exanpl €, ap@g@?sp%oscgu;g%iﬁ? gle ﬁtﬁ?fgr © ?Jéél’rt%ﬁr%‘ie signpis HEFUBEE in a LB
data 3¢ thedivert dptit irhd@mitter/decidz 35.2 MHWABY: Rpticrinemiieiresedley 35 tdiRertdWBiHOUl Se
d%ati?ﬂ'e x‘ﬁ%[\illdc' beofwgor%%\ to, .25 mat nglf’{t,\gg avai |l abl e fr_eq%u ncy, of the
speci fi e Merwork. o For Sal"CETHG e gepemhy CAISE SRS TeReiYdefhithed St at es,
an i deabmbid 3puhis @ comedpondiRruptied kigndde Tab epticalsifnal Gendatnt@- tea@BAdS I N
the- UnTEurapt ioe” S35 o APH P 0B Fuindle drui-« Pecuuti O StbBr ox  mat ol y
8|7? MHajstributed loa dibtheptic agabled toyreiidbnﬁTltﬂeigEjiB(ﬁhMﬂs,tmsiﬂesﬁd!&m'cﬁhﬁﬁvdiﬁtﬁﬂﬂl W dtg ]
al | ows r.al. to.2 nanq-s n ) ration. A narrow 3 ulse width is
preferr Iéli@)ucg%seoéé:’ahse L locafions S‘HI ‘gsg‘gb“g%fﬁ%bsélgﬁcflg% A fusigmpns. é:;ﬂ&‘?’ M punt of
titfre. tdebhiges for dénitsniog 2 GWB puld stemvamiecondstidRRIDEnTBigoll Skeaininguar ant ee
pul se L3 69 [at'n;ngyetd.h "Wy g(g%%{e, th]e'%WB pulse stream my be sent directly to the fiber bptic
transmitter/receiver 35, which will then combine the two signals. _

-

Shown in FIG. 3, a fiber multiplexer node 45 may be located at any one of the locations
described above. The optical signals are received by the multiplexer 45 and are converted back
20 to the combined conventional RF carrier and UWB pulsed signals. The combined signals are
forwarded to a subscriber UWB device 50. The subscriber UWB device 50 can be considered a
gateway or router that provides access to the combined signals.
One embodiment of the subscriber UWB device 50 will demodulate the multiplicity of
UWRB eleciromagnetic pulses back into a conventional RF carrier signal. The subscriber UWB
25 device 50 may include all, some or additional components found in the service provider UWB
device 40. In this manner, additional bandwidth will be available to the wired media network to
provide the additional data and functionality demanded by the customer. |
An alternative embodiment of the present invention is illustrated in FIG. 4. A full service
wired UWB communication system 70 is structured to allow for extremely high data rate

30 transmission of video, telephone, internet and audio signals.
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WO 2004/ 001994 PCT/ US2003/018352 digitization, transm ssion, reception and
reformati on at the UWB subscri ber device 50. GCenerally, an idealized pul se
wi dth woul d be cal cul ated based on the frequency response of the specific
wired nedia system Referring to FIG 3, the multiplicity of generated UNB
pul ses are sent fromthe service- 5 provider UAB device 40 to the conbi ner
30, whi chWwsGs0pes t he UVWB pul ses with the convenP¢HWBEMIMRBIEarri er

signals. One method to acconplish this task is to couple a wire carrying

t he conventional RF carrier signals to a standard coaxial splitter. A
second wire carrying the UW pulses is also coupled to the standard
coaxial splitter. The conbined signals are forwarded to the fiber optic
transm tt er /The Gidl seanice&SWBTdyﬁexﬁim&éceﬁm anliol, widas aid daes infpmstionefonBin converts

both 10 he, sl nd the con I arrier

si gnal s FEELITR Eg B’P% E 3‘%1%8%?32390 §6ﬁ A BHC °rc?8?"rlq\i§% &ﬁﬁseé tal signal.
The opt areﬁ:lrwaxd@rtalthegeﬂamtea‘e@fveﬁan ab @eseriticth eliove with rgértnce 1o ﬂhéiwlitgidw.ﬁie, solid
state | aser di.ode

t t.ab d T 1 i al | th
ot e R RR St 107 Shais) Gl GRS Bl 5 Rsaiaved oo nocs
di st;St ri Chysa hasindigieat @inhine 0. Th:sﬂobtﬁmal temmﬁﬂld B@ﬂloﬂlﬂ%ﬁtﬂllﬂmﬂﬂ foide scﬁnslt Iﬂtd)z}g | on to
SUpScCcri pers an cus t S a.n e es or I Nl n a
e ol S8y PRl A e S e Vhich pieedls e g iRl it ol co b

enpl oy e ardforwasdcd ipthesertidegrdier YWiBsdevisé 40cam ny be sent directly to the

fiber optic transmtter/r t.hen conpi e two

si gnal s. ted at any

onal o shanPERSReE S oY Hris il Ju ', e on ) SBS e

one of mhmeﬂroﬁ&t%(g@ﬁeratdﬂﬁﬂ{etsb@dlmpﬂ'dkets,ﬂaﬂﬁcth(h@é fobaded ks thakvicecei ved by

}ng% rrultl 45, ag& are converted back 20 to the conbi ned conventi onal
car rIfr% 1°B 'sed signals. The conbined signals are forwarded to a

subscri ber DhBsetiéosipesridel UWBdevise! pB 16duileds tﬁé\&&eﬂet\daﬁpthé&legm;ylaaaaﬁmsi dered a
ess to.L

gat eway,, or. .router, .t h yi des ac i ned signals:

ambod: Han BT ot Ffile e 7B SRl SCRrDaETS TG Mol i pl i ci Ly

of We@nemabmqu@wemesbamk corillifier 30. C’ﬂib\tﬂﬁbinafbainbﬁEs thaUWBer signal .

The subseriber .UNB 25 L ce.50. I necl ud di ti onal

conpondfit’s g‘hﬁlg CPWBP?\O@%% (AR s n%%?@e‘?’”@@ tﬁ%?ﬂ (51gnz}lﬁo ﬂ’ﬁ “manner,

addi t i coptié trhlmnﬁwfr/ﬁbtélvenﬁﬁl Themgmal drsﬁthbrﬁcdn@ertebalw\faﬂi 6phcﬁlaﬁgnal weditherk to

provi dehgthr| eem&ﬂg dltoldg | sqa% %dt];, oG érosnm%abi ev1ce nedo%gcalf glglga? % tfignSt ofer.
~distributed to the fiber multiplexer node 45 located within business districts, residential

neighborhoods, universities, colleges and other areas.

The fiber multiplexer node 45 receives the fiber optic signal and converts them back to

20 the combined conventional RF carrier and UWB pulsed signals. The combined signals are
forwarded to a subscriber UWB device 50. The subscriber UWB device 50 can be considered a
gateway or router that provides access to the combined signals. The subscriber UWB device 50
demodulates the multiplicity of UWB electromagnetic pulses into RF signals and forwards the

RF signals to appropriate locations such as televisions, personal computers or telephones.

25  Alternative embodiment subscriber UWB devices 50 may be located adjacent to televisions sets
| similar to a set-top box and used to transmit on-demand movies, internet access or pay-per-view
programs, Yet another embodiment of the present invention may include a UWB device 50 that

may be located within a television set, or computer. The UWB device 50 is constructed to

convert and distribute data to computers, network servers, digital or subscription televisions,

30 interactive media devices such as set-top boxes and telephone switching equipment.
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An alternative enbodi nent of the present invention is illustrated in FIG

4. Afull service wred UAB communication system 70 is structured to all ow
for extrenely high data rate 30 transm ssion of video, tel ephone, internet
and audi o signals. 14 WD 2004/ 001994 PCT/ US2003/ 018352 The full service UWB
system 70 receives audi o, video and data information froman antenna farm
15 or fromorericessri al sources such as fiber opticrawve@anisssk cabl es. These
signals are forwarded to the satellite receivers 20 as descri bed above
with reference to the wired UWB conmuni cati on system 10. In addition,
signals froma public tel ephone network 75 are received 5 by a host digital
termnal 80. The host digital termnal 80 nodulates nmultiple voice signals

into two- wa;ze umwmamvmdieﬁmstm@amd?ﬁe Soigi3eded -to ThAsPTUEB SFulpal s from
servi ce pr.qvi der UNB

t he host, I terri rwarded to th
~ devi ce es% @rﬁr v?c{‘?eatu EW%OC%“%%% Fmg%‘t F%PWP%@F’H‘F@FWF%‘FW%%‘&% to the
i nt er neD A td@hongﬂmld'ﬂﬁer ddvitbe I Fog lexdospl, WD BevitR 130 il @fchidd BleelesessaBiCh as
TCP/ I P coacket% whi ch e ]‘o ded t ervice 10 prqvider UWB device
40. The BRI L T D Pniiona ot sl 't POAR e iR a, the

tel5ephont¢rf:d:asmmd>01tﬂwcmmsm mﬂeﬁmﬂmm b 6hes AiteRhabd stBddr&cei vers 20 into
a multipli ct[,%é/ of &l ect a? as described gbove, and forwards
the pul ses PRE B! ‘H’e\’“ R 1%, tﬂé’? transRffed o BpstreAs UgEd iR ses wi t h

" the commbmm?ﬁﬂer RFor GRahipl 2 Bhenmsl aﬂﬂvfoemsdﬁtwbﬂ@remlﬁ@@@nﬁésgnal to the
gnhal,s are then _converted into

fiber ransnmtter/receiver The si
an opt |]b8 @ﬁ@f B?Stéqa‘inﬁ@feﬂr qele&?Pé@ﬁ?ttofﬁ?d’rﬁF‘E&B’eﬂ'@BIW%‘t%é | aser
di ode, lmnd—pﬁsh&lterwh%tabbﬁlddﬂibkr@mﬁbﬁi&ww SAVHE koOdARire hiferfidRBMor GwSt i buted to
tggflb%s rggltl Ie.xer gﬂ§45l @q’édlfh@ i n business distrjcts,
derﬂ | a?\ upsippu it  fhese flteselsp s thepurpRosRftimiingas. The
fiber rpotenmqnin&x-arodmmdﬁ&rﬁoawmxﬂﬂemgmﬁmda@sym@mﬁﬂsgaal and converts them
RE carrier UVWB pul sed signal s.

back to the conb ‘gl,lfg cg venti onal

The conbi ne hagRe PEpagiments; of e prasept ‘E’Beng"%ﬁ‘@égf“}s%? U@%P@ﬁlt@é“@o The
subscr ittaditiodd\RlagphaticC@irds 0 m@endh@ @eﬁ.\ HheORbEakrawheBiRtt EORYbeQl 1064 Wi @ongt hat
provi d% access to %onbl naI The subscr.i ber UWB deV| ce 50

denodul EHEE FAE L g?: f9cgisd gh & creeionsli Pl SeRi9BRlRE si gnal s
and f Qrcmerq:mﬁdnﬁcenter toll center, end-office, or their equivalents,

The present invention of transmitting ulira-wideband signals across a wired medium can
employ any type of wired media. For example, the wired media can include optical fiber ribbon,
fiber optic cable, single mode fiber optic cable, multi-mode fiber optic cable, plenum wire, PVC

15 wire, and coaxial cable.
In addition, the wired media can include twisted-pair wiring, whether shielded or
unshielded. Twisted-pair wire may consist of "pairs” of color-coded wires. Common sizes of
- twisted-pair wire ave 2 pair, 3 pair, 4 pair, 25 pair, 50 pair and 100 pair. Twisted-pair wire is
commonty used for telephone and computer networks. It comes in ratings ranging from category
20 '1 to category 7. Twisted-pair wiring also is available unshielded, That is, the wiring does not
havg a foil or other type of wrapping around the group of conductors within the jacket. This type
of wiring is most commonly used for wiring for voice and data networks. The foregoing list of
wired media is meant to be exemplary, and not exclusive.
As described above, the present invention can provide additional bandwidth to enable the
transmission of large amounts of data over an existing wired media network, whether the wired

media network is a Internet service provider, cable television provider, or a computer network
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RF signals to appropriate |ocations such as tel evisions, personal conputers
or telephones. 25 Alternative enbodi nent subscriber UWB devices 50 nay be
| ocated adjacent to televisions sets simlar to a set-top box and used to
transmt on-demand novies, internet access or pay-per-view prograns. Yet
anot her enbodi nent of the present invention may include a UWB device 50
that mayWiezobd@e@¢ed within a tel evision set, or cbopusems/oisTae UWNB devi ce
50 is constructed to convert and distribute data to conputers, network
servers, digital or subscription televisions, 30 interactive nedia devices
such as set-top boxes and tel ephone sw tching equipnment. 15 WO 20041001994
PCT/ US2003/ 018352 The subscri ber UWB device 50 may al so be configured to
t r ansni locdthBn p tibsiress or whivedigs Thyadiitiofl Baﬂdﬁﬁlﬂﬁdﬂﬁl HiRw dbinﬁﬁ@rs taRdeiRi ther data
cont ent

hi

A er.sonal co te el e PDAs, | ephones and ot her
devi ces’ g@%rp e tgﬂlﬁ{a@"es Y/‘?‘E‘ie @Ba/?fs‘? ?aH‘EqSHHEth?WB @g%iry conponent s
to transmt Thmg it BCQBN&atMBaﬂfmaﬁﬁrﬁﬂﬂﬁﬁdﬂwdaﬂor Bmsgdfifig edd fo@Wiag a0 provi de
access t 5 L,nte suc PCl ernet, | EEE1394, or
ot her 8‘?@%’5‘1 @ﬂ@rad’?mgﬂ?al ﬂ‘ﬂis EHIQ%P PBregife it f or dat a
to be tﬁhapmmtlhwmnom bdslﬁadﬁbed@\weﬂlthmﬁe ab%%-&dsﬁiﬁe@éxﬁbﬂdﬁ@dhts Wigéh fxanpl e, a
conventlon C%@ 4%? W&ﬁ& netmnrk r serves irequ NG beIOM/SO MHz for
upst rea%r‘lst?ﬁqf”i LPUaRErRRRASES o ‘{Sﬁ@oﬁr""é E‘ﬁt"fsﬂ%%?ﬂﬁl &be fassriotoR | ude a
barsd- pass dxarhples seivifdrin iﬁttFﬁ)sﬁbaiﬁdﬁloﬁhﬁd/@ssaﬁtﬁ draﬂﬂf PRGN \@éth ForttVpiteted €NS u][fe
attenuati.o ul,.ses.so.as nat. to interfere with u strean1tra icC.
These. f*?fﬁ‘b["glwﬂtﬂth%w J?‘f?aﬂ% F’E&@@mﬁ?aﬁw Frddrawipes prsmelintenged to imit
|A| nt er - nﬁidwkoaisir(;gdiy giopé Of this eﬁmeur@@ul WaldLdekiphs! Mk AR tﬁeyabb#eedew&@w\g I sels
ternatlv o} ts .0 rese invention may . transnits pul ses
t hr ough™® tP&ﬂﬁW?vﬂhgﬁp ﬁﬁmﬁﬁﬁﬁgqqﬁkﬁ@ﬁﬂP inge djlominendaipe.oApd g% . whet her
t hey bepresehtam@htiontis lirving o:ﬂgilbﬂh%f&léﬁnm:{t Ii'c‘dll%{v; 1t Rholel Vot VB Hgkiv Qénty BEE1 Ver can
center, sectional center, primary center, tol

| ocated in . a reqio
ol or a*}‘%??&“ B Fro g’“%ﬁ’? s giseissed s deferipion max practisr the dpventiongeielk on of
transmtting ultra-w deband signals across a wired nmediumcan enploy any
type of wired nedia. For exanple, the wired nedia can include optical fiber
ri bbon, fiber optic cable, single node fiber optic cable, nulti-node fiber
optic cable, plenumwre, PVC 15 wire, and coaxial cable.
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In addition, the wired nmedia can include tw sted-pair wring, whether

shi el ded or unshielded. Twi sted-pair w remay consist of "pairs" of

col or-coded wires. Conmon sizes of twi sted-pair wire are 2 pair, 3 pair, 4
pair, 25 pair, 50 pair and 100 pd&LATMS ed-pair wire is commonly used
for tel ephone and conputer networks. It conmes in ratings ranging from
category 20 1 to category 7. Twisted-pair wiring also is avail able

unshi el ded. That is, the wiring does not have a foil or other type of

wr appi ng arlound ArwtraHwid shar@icomenflidation sgstamh fon i Rvided fetjvaikk@impridihg:s t ype of
wiring is nost conmonly used for wiring for voice and data networks. The
foregoing |ist cih ultvi-wigdban® ttadsniitter BRRNred 10 tRAsnEXSNHrakiebama dighsltthrexghl usi ve.
As descri bed above, the present invention can provide additional bandw dth
t o enabl e tthewir¢dmeneark;asdon of | arge anmounts of data over an existing wred
medi a network; whether the wwred nedia network is a Internet service

provi der, cabl e aneilteaswriclund peeiveidgfuctutedl ta reeivp thecultriveidsbdnld sightl fh the

2004/ 001994 PCT/ US2003/ 015352 | ocated in a business or university. The
addi ti onal vosdawiwadtdy can al | ow consuners to receive the high speed

I nternet access, interactive video and other features that they are
demandi ng. Thus,whetein the skenwitldtatd @amsap@Racaiplisesnd e fdeithnd phlsd madidddt t i ng
and receiving ultra- wi deband signals through a wired nediumis provided.
One ski | | edhat is dtdnetusedtto Wadsinitepipuléplicity of ihatwidétasd ppedeald thawlentvidbalan be
practiced by other than the above-descri bed enbodi nents, which are

present ed ireceivii sori@ises iap tultemwidetrang pupe sdemodilatod khas tis afiucamedand raadite af
limtation. The description 5 and exanples set forth in this specification
and associ atultipliditaed ukgswileband sighald.ort h preferred enbodi ment(s) of the
present invention. The specification and drawings are not intended to limt
t he exclusionary scope of this patent docunment Many designs other than the
above-descri bed enbodinents will fall within the literal and/or |egal
scope of tRe follhewitragvidtlahdreomandcdibe syspne sLelhint Ny€Mdréin the Strd-videbad onl y
by the clains that follow. It is noted that various equivalents for 10 the
parti cul ar signileoinpriset & shipsbesddignal. t hi s descri ption may practice the
invention as well. 17 CLAIMS 1. An ultra-w deband comruni cati on system
for a wired network, conpri sing:

3. The ultra-wideband communication system of claim 1, wherein the ultra-wideband
signal comprises a pulse of electromagnetic energy having a duration that can range between

_-about 0.1 nanoseconds to about 100 nanoseconds.

4, The ultra-wideband communication system of claim I, wherein the ultra-wideband
signal comprises a pulse of electromagnetic energy having a duration that can range between
about 0.1 nanoseconds to about 100 nanoseconds and a power that can range between about

30 power decibels to about —90 power decibels, as measured at a single frequency.

5. The ultra-wideband communication system of claim 1, wherein a wire employed in
the wired network is selected from a group consisting of: an optical fiber ribbon, a fiber optic
cable, a single mode fiber optic o;able, a multi-mode fiber optic cable, a twisted pair wire, an
unshielded twisted pair wire, a plenum wire, a PVC wire, a coaxial cable, and an electrically
conductive material.
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an ultra-w deband transmtter structured to transmt an ultra-w deband
signal through the wired network; and an ultra-w deband receiver
structured to receive the ultra-w deband signal fromthe wred network;
wherein the ultra-w deband transmtter conprises an ultra-w deband pul se
nmodul ator that is structured to transmt a nultiplicity of ultra-w deband
signal s and- t he TieuHa-Wifchaphermmynicatipy epteppisiain d s wheseip theywiredi nestosn i pul se
denodul at or th%{ is structured to receive,a multiplicity of ultra-w deband
signal s. 2.5%fed fiPRraempr ssRtng: efuPR e tlingrans gRiice mepTork | mpahlel telsyisione n t he
ul tra-w deband . signal conprises an inPuIse radio signal. 3. The

ul t ra- wi deﬂﬁ‘r‘i"d’ﬂfzﬁﬁg‘ﬂﬁ?’%‘é}‘t giclovisiondrtworka p spmmupifyecessh telayisiog nepeorkriade band
si gnal congégagé a g%lse of el ectronmagnetic energy having a duration that
can range T cof SYYempnef worknpReeis Aviched teligpbene nemiorks a wideeewrgvotls . The
uItra-mﬁdebqnd comuni cation systemof claim1l, wherein the ultra-w deband
si gnal comriPeabarea neoEe a gretrapRliany Brmpmuekca dhRABpetath AdidkupgeEoreR t hat
can range bet n about 0.1 nanoseconds to about 100 nanoseconds and a
power that SE’&%&&W@@%& frdisated gistrrork. 3b nprsihed dtwogr ¢ pligpstitork 9od gower
deci bel s, as neasured at a single frequency. 5. The ultra-w deband
comuni cat PBIASYR¥¥h of claim 1, wherein a wire enployed in the wired
network is selected froma group consisting of: an optical fiber ribbon, a
fiber optic cable, a single node fiber optic cable, a nulti-node fiber
optic cable, a tmﬁ%&ﬁf air wire, an unshielded twisted pair wire, a
plenum wird; a PVE® trapsmitting data thianeh a copeuaity aqcessieleisien Jetwerdnthact i ve
material. 18 _ 6. The ultra-w deband conmuni cati on systemof claim1, wherein
the wired MSthpremprisingdhasiepsell from a group consisting of. a power line, an
optical network, a cable television network, a community antenna

tel evi si on net wBFORIINE the, AR a5ees EleviSinaipivedr (VhSEsm e ISomBunigy #0esy £ i ber
coax systen1netm?rk, a public switched tel ephone network, a wi de area
network, a | ocifieviiaderfriussrlected Fem Ao consisting ehametigemetwosk. Pepple P

network, a di aI-&lep,netV\ork, a . .
television network, and a hybrid fiber coax television network; and

transmitting an ultra-wideband signal through the community access television

network.

8. The method of claim 7, wherein the ultra-wideband signal comprises an impulse radio

signal.

9. The method of claim 7, wherein the ultra-wideband signal comprises a pulse of
electromagnetic energy having a duration that can range between about 0.1 nanoseconds to

about 100 nanoseconds.

10. The method of claim 7, wherein the ultra-wideband signal comprises a pulse of
electromagnetic energy having a duration that can range between about 0.1 nanoseconds to
about 100 nanoseconds and a power that can range between about 30 power decibels to about

—90 power decibels, as measured at a single frequency.
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swi tched network, a dedicated network, a nonswi tched network, a public

network and a private network. 7. A nethod of transmtting data through a

comunity access_tel evision network met hod cg}%ri Si n%] the steps of:
q

] t h " . . .
provi di ng te coaumitiay of ckadad, pps e gwaﬁ@@%’ﬂfk?‘ & weh Te Heseddaiani ty

access televisjgon network is selected froma group consi sting of an
optical netSSFiRd frameygrour copyiging Gofslephanyotale, highepepdrdaty idigitel Wdgo ddax
tel evi si on pet k,. and transm tting an ultra-w deband signal through the
communi ty éﬁ%@ﬁ@{‘:’?@%wgfihﬁﬁmetr?é’fnﬁkb"r“ﬁ?“%.da‘?%d #WHABH- of claim 7, wherein the
ul tra-w deband signal conprises an inpulse radio signal. 9. The nethod of
claim?7, rein. the ultra-w deband signal conprises a pulse of
el ect rona\é\ﬂgt i ¢ TOREEEpd Hga?lﬁb"’&’hﬂﬁ}“é%‘? fa-wigsband signplip fanspittedadntagiidit 0. 1
nanoseconds, t ab?ut,&oo nanoseconds, 10. The nethod of claim 7, wherein
the ultra- v?n‘rfh‘gtﬁ‘éﬁ‘ﬂﬂs%}”ﬁ a ropgipviasesss tglepisica sigt- el ect r omagneti ¢ ener gy
having a duration that can range between about 0.1 nanoseconds to about
100 nanoseconds and a power that can range between about 30 power decibels
to about -90 p r deci hels, _.as nmeasured at a single frequency. 19 11. The
met hod of clga' mof\g? Wﬁﬂ@ﬁé’? GlefAds WRETFR-H epaHEty Feefnlclsvisionsimmal  vssddas i t
data selected.from rQup consisting of: tel ephony data, high-speed data,
digital vi 6@65“8%1‘5 Se?ca?eaif%"a} &Toup jcensiing of selenhpmeddte hishoherdiiokatietd dat a
and audi o data. 12, The method of claim7, wherein the ultra-w deband
signal is t"%tﬁﬂg‘i‘?‘i"éigétal @ﬁﬁ%‘?‘égﬂ@’é‘w‘w’t comppnicalivr defa pyd hdiorfa®- communi ty access
television signal. 13. The nethod of claim7, wherein the community access
television signal is used to transmt data selected fromthe group
consi sting of: | ephony dat a, high-speed data, djgital video data,

1g\/i sitrg?l Qf’%?fgl

digital tel AT BRI HinFc BidpRand digndl 28 @ camamBiyaees 14,
The nethod of .claim 7, ,V\/n(lerei n the ultra-w deband signal and a conmmunity
access television network signal use a substantially common portion of an electromagnetic radiation
sSpectrum.
15. The method of claim 7, wherein the ultra-wideband signal and a community access

television network signal are transmitted in a frequency band that can range from between

about 100 KI1z to about 3 GHz.

16. The method of claim 7, wherein the ultra-wideband signal and a community access

television network signal use separate portions of an electromagnetic radiation spectrum.

17. The method of claim 7, wherein the ultra-wideband signal is transmitted in a
frequency band that can range from between about 880 MHz to about 3 GHz and a
community access television network signal is transmitted in a frequency band that can range

from between about 100 KHz to about 3 GHz.

18. The method of claim 7, wherein the ulira-wideband signal is transmitted in a
frequency band that can range from between about 1 GHz to about 3 GHz and a community

access television network signal is transmitted in a frequency band that can range from
20




tel evision network signal use a substantially common portion of an

el ectromagnetic radiation spectrum 15. The nethod of claim7, wherein the
ultra-w deband signal and a community access television network signal are
t ransni t t ecPepreR abqub yiYERd) abah¥00MHEE can range from between about 100 KHz
to about 3 GHz. 16. The nethod of claim 7, wherein the ultra-w deband
signal and a community access television network signal use separate
portions of an el ectromagnetic radiation spectrum 17. The nmethod of claim
7, wherein ¥he ub tiethodiof asengngs Bandwidth of ¢ semminityeagedsh telpvisiop agiere yreband

t hat can rangge from bet ween about 880 MHz to about 3 GHz and a comunity
access t el dW§RAdEAMRESINGIRStERsPhal i s transmitted in a frequency band that
can range from between about 100 KHz to about 3 GHz. 18. The nethod of
claim7, wherei préh@ingh tdnanieRRNdeIStidhRhetkGkt ransmtted in a frequency
band that can range from between about 1 GHz to about 3 GHz and a comunity
access television network signal is transmtted in a frequency band that
can range from cﬁﬁbzﬁ‘g’cgm%é‘"ﬁﬂt&’g‘ﬁ‘fﬁ of ulprapwigeband, signale oeprovpptative oof datanpithdd of

i ncreasing a bandw dth of a comunity access tel evision network, the

met hod conPPPREVRYY 396ess teleyjiongetwors SRriRHRTHY o2 SERIHEIIFSIaBcess t el evi si on
network; combining a nultiplicity of ultra-w deband signals representative
of data with a reefiigni tymiAs@eSsnal CoriptsfigGRe ARIOMIEKy 5f QBRWidbAA sifalsa
signal transm ssion; receiving a conbined signal conprising the

mul tiplici trypréxbntbtivelofdath SRINBOEGnBMBAAAhesstQ@PHBSERERrk Vigngfandat a and the
comunity access television network signal; and separating the conbi ned
signal into the sepakdiingl theicombtd Wghilame debandishicenaf ulrd-QRERSe ighisve of
data and the community access tel evision network signal. 20. The net hod of
claim 19, whesseittiveloedat indanddodpiandasbgmabssisRieaR a1 ve of data
conprise a nultiplicity of pulse quadrature anplitude nodul ated signals.

21. The nmethod of claim 19, wherein the ultra-w deband signals
representative of data

20. The method of claim 19, wherein the ultra-wideband signals representative of data

comprise a multiplicity of pulse quadrature amplitude modulated signals.

21. The method of claim 19, wherein the ultra-wideband signals representative of data

comprise a multiplicity of pulse position modulated signals.

22, The method of claim 19, wherein the ultra-wideband signals representative of data

comprise a multiplicity of pulse amplitude modulated signals.

23. The method of claim 19, wherein the ultra-wideband signals representative of data are

modulated at a fixed pulse rate frequency.

24, The method of claim 19, wherein the ultra-wideband signals representative of data are

modulated at a variable pulse rate frequency.

25. The method of claim 19, wherein the ultra-wideband signals representative of data are
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conprise a multiplicity of pulse position nodul ated signals. 22. The net hod
of claim19, wherein the ultra-w deband signals representative of data
conprise a plicity of pulse anplitude nodul ated signals. 23. The

net hod of CIP%A Fﬂtefé’taf:\ﬂ?éﬁl%‘iaﬂg%@‘ Iggirte feqiedwband signal s representative of
data are nodulated at a fixed pulse rate frequency. 24. The nethod of
claim19, wherein the ultra-w deband signals representative of data are
nodul at ed t a v rlable ul se rate frequency. 25. The nethod of claim 19,
wherein th uI tr é.’EE)‘a‘g? I§nherein s comapisy 3ogess ifevisiongielosk ispalected _ _ L _
----- nmodul &at a é)seudo random pul se rate frequency. 26. The nethod of
claim 19, CrErPYRCORY SR 0t AR optied Jetwogh, @\ﬁaékedﬁe‘ﬂ%?wwoqksa SEPBERIYY  from
the group consistin an optical network, a_cable television network, a
communi ty aéff?f“@ﬁfﬁ]é"%@%W%ﬁkoaﬂdﬁélﬁ’m@b“%tﬁeﬂwqeﬁwlf ber coax tel evision
network. 27. The method of claim 19, wherein the multiplicity of

ul tra-w deband si gnal s conprise an inpulse radio signal. 28. The nethod of
claim19, er ei l.tiplici yof ul tra-w deband signals conprise a
pul se of el®ctr é'ﬂ’ﬁ OFf gt by Wheinthe auifalidyiod Rltetrdebenthsigairampiteneen
about 0.1 nanogeco ds about 100 nanoseconds. 29. The nethod of claim
19, wher ei ﬁnf’H@lWP ?E)‘E‘i‘agl ty of ultra-w deband signals conprise a pulse of
el ectromagneti c energy having a duration that can range between about 0.1
nanoseconds to about 100 nanoseconds and a power that can range between
about 30 p eci eI S to abouil power deci bel s, as neasured at a
single fre encﬁegﬁt of pEclpig Hol ?fF‘“d]I‘ealF‘HLPR]@“y\%B]Ffé1“H soprd signelsicpmpdset y of
ultra- V\ndeban als are used to transmt data sel ected froma group
consi sting aoﬁ’“ S¢ ‘éfga[")‘?‘i’iﬁ’ﬂﬂ?g%?&? ENCTRY JAVIBH detiRiopathalysayi age bejwermoake 3%8

digital televisio | nt er net ,communi cation data and audi o data. 31.
The met hodnﬁqosﬁoﬁ&ﬁ?a@m H0erraseropdie community access tel evi si on network
signal is wused to transmt data selected fromthe group consisting of

t el ephony data, high-speed dat a,

29. The method of claim 19, wherein the multiplicity of ultra-wideband signals comprise
a pulse of electromagnetic energy having a duration that can range between about 0.1
nanoseconds to about 100 nanoseconds and a power that can range between about 30 power

decibels to about -90 power decibels, as measured at a single frequency.

30. The method of claim 19, wherein the multiplicity of ultra-wideband signals are used
to transmit data selected from a group consisting of: telephony data, high-speed data, digital

videp data, digital television data, Internet communication data and audio data.

31. The method of claim 19, wherein the community access television network signal is
used to transmit data selected from the group consisting of: telephony data, high-speed data,

digital video data, digital television data, Internet communication data and audio data.

32. A method of transmitting and receiving data through a hybrid fiber-coax television

network, the method comprising the steps of:

providing a hybrid fiber-coax television network;
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digital video data, digital television data, Internet communication data
and audio data. 32. A nethod of transmtting and receiving data through a
hybrid fi ber-coax Le[evision _hetwork, the nmethod conprising the steps of.
provi ding a hybri°BPPinged mudiplicity of viterwideband wigrds repposentivgi ¢ ¢ gith a
nultiplicié¥ o% ultra-w deband signals representative of data with a
hybrid fi bePPEdiRereedelrapennsiuetksienal origiiap sigral Grnymissionsi gnal transni ssi on;
receiving a conbined signal conprising the multiplicity of ultra-w deband
signals represasdeiliig/£ cehbildt ag@dohfRiddyie nfhitfplibef of ORY-vhi &b SiRR
networ k signal; and separating the conbined signal into the nultiplicity of
ul tra-w dehagreschtaiRall Sata HRIRhEERMNH Tbbr@aPlclcdidloa nahdd imahydy i d fi ber - coax
tel evision network signal. 33. The nethod of claim 32, wherein the

nul tiplicity of sepadiiag Whel@bmbBthes i sgmal $ni€ AR niukiplic of M-SRlehAdi Qeriisgnal .
34. The nethod of claim 32, wherein the multiplicity of ultra-w deband

si gnal s conpiréssfative optdts erdahe RJbeE bEHRENRIVSIoR AAKEN syl Ng a duration that
can range between about 0.1 nanoseconds to about 100 nanoseconds. 35. The
met hod of claim 32, wherein the multiplicity of ultra-w deband signals
conprise a pulse of electromagnetic energy having a duration that can
range betwsen aliuinethod of ElRIHORR GBBEH thOomalapbity bORIAINQHREDNAERIsRBFpRePOVET
that can range between about 30 power decibels to about -90 power

deci bel s, asimpaAsusididsigial.a si ngl e frequency. 36. The nethod of claim 32,
wherein the multiplicity of ultra-w deband signals are used to transmt
data selected froma group consisting of: tel ephony data, high-speed data,
digital video data, digital television data, Internet comunicati on data
and audi o dat a. TBE metho@ of@4i03P, Ghereinahd MdBpliohh 8F SlirA-widtBakty bl cbinf@de- coax
television network signal is wused to transmt data selected fromthe group
consi st i:ng aOpulset & @gfomygidat @nerby GbvisPacdirsldh ahat chnOlahgd batlvEROandat 8.1
digital television data, Internet conmunication data and audi o data. 38.
The net hod nedos&badstd shdut MdeERIsBcohie ul tra-w deband signal and the hybrid
fiber-coax television network signal use a substantially comon portion of
an el ectromagnetic radiation

35. The method of claim 32, wherein the multiplicity of ultra-wideband signals comprise
a pulse of electromagnetic energy having a duration that can range between about 0.1
nanoseconds to about 100 nanoseconds and a power that can range between about 30 power

decibels to about —90 power decibels, as measured at a single frequency.

36. The method of claim 32, wherein the multiplicity of ultra-wideband signals are used
to transmit data selected from a group consisting of* telephony data, high-speed data, digital

video data, digital television data, Internet communication data and audio data.

37. The method of claim 32, wherein the hybrid fiber-coax television network signal is
used to transmit data selected from the group consisting of: telephony data, high-speed data,

digital video data, digital television data, Internet communication data and audio data.

38. The method of claim 32, wherein the ultra-wideband signal and the hybrid fiber-coax

television network signal use a substantially common portion of an electromagnetic radiation
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23 spectrum 39. The nethod of claim32, wherein the ultra-w deband si gnal
and the hybrid fiber-coax television network signal are transmtted in a
frequency band that can range from between about 100 KHz to about 3 GHz.
40. The netREEBF claim 32, wherein the ultra-w deband signal and the
hybrid fiber-coax television network signal use separate portions of an

el ectromagnetic radi ation spectrum 41. The nethod of claim 32, wherein the
ul tra-wi debgnd sjgnal,is transmtted in a frequency band that can range
from bet weeti- abo r%‘élﬁf’dl\ﬂflf{a’t"biglﬁv infthegiira-widebpksigrblangd ghe hyppd fibgrsag
television network signal |s transmtted in a freguency band that can range
from  bet wdBr HBbA 2GR, 7 SRARRNR 2 Apduenpy band et fEREedTom PEPRETS 2.
wherein the ultra-w dehand sjgnal is transmtted in a frequency band that
can range f%%%@%é?\%ﬁ%&'h' GHz to about 3 GHz and the hybrid
fiber-coax television network signal is transmtted in a frequency band
that can range from between about 1 MHz to about 900 WMHz. 24

40, The method of claim 32, wherein the ultra-wideband signal and the hybrid fiber-coax

television network signal use separate portions of an electromagnetic radiation spectrum.

41. The method of claim 32, wherein the ultra-wideband signal is transmitted in a
frequency band that can range from between about 880 MHz to about 3 GHz and the hybrid
fiber-coax television network signal is transmitted in a frequency band that can range from

between about 100 KHz to about 3 GHz.

42, The method of claim 32, wherein the ultra-wideband signal is transmitted in a
frequency band that can range from between about 1 GHz to about 3 GHz and the hybrid
fiber-coax television network signal is transmitted in a frequency band that can range from

between about 1 MHz to about 900 MHz.
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