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------------------------------------------ Field O The Invention The
present invention generally relates to ultra-w deband conmuni cati ons. Mre
particularly, the invention concerns a nethod to transmt ultra-w deband
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For exanple, hospitals transmt 1 mages of X-rays ans to
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i n system bandwi dth. The need for nore bandwi dth is evidenced by user.
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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-home movies-on-
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 Interﬁet service providers, and
other data providers. For examplé, hospitals transmit images of X-rays and CAT scans to
remotely located physicians. Such transmissions require significant bandwidth to transmit the:
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 bandvﬁdth. The need for more bandwidth is evidenced by user compl%ﬁnts 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
employ ‘conductive wires and cables to transmit and receive data. Conventional approaches to

signal (i.e. data) transmission through a transmission medium, such as a wire or cable, is to



signal (i.e. data) transm ssion through a transm ssion nedium such as a
wire. or cable, is to 1 WO 2004/002001 PCT/US2003/018355 nodul ate the
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conprises a ne 'c Bandwi dt h of a comuni ty access
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conbi ni ng a muJtiplicity of ultra-w deband signals representative o dat a
with PHEIREMRK% signal . The combined signal conprising the multiplicity of
ul tra-w deband signals representative of data and the network signal is
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ul t r atypeglebaired siegiaal can be transmtted substantially sinultaneously with

the other signals, the overall bandwi dth or capability of the systemto
In 6ne embodiment of the invention, a method of transmitting an ultra-wideband signal

comprises the steps of providing a wired medium and transmitting an ultra-wideband signal
across the wired medium. Another embodiment of the present invention comprises a fnethod of
increasing avbandwidth of a community access television network, or any other type of network .
employing wired media, by corhbining 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 signallis received and the two signals are then

separated into the multiplicity of ultra-wideband signals representative of data and the network’ |

signal.

One feature of the present invention is that an ultra-wideband signal can be transmitted
simultaneously with a traditional cable television signal, Internet connection signal or voice
transmission signal. Because the ultra-wideband signal can be transmitted substantially

simultaneously with the other signals, the overall bandwidth or capability of the system to

transmit data is vastly increased.



transmt data is vastly increased. 2 WO 2004/ 002001 PCT/ US2003/ 018355
Brief Description O The Drawings FIG 1 is an illustration of different
conmuni cawoanoa@edvads; FIG 2 is an illustration of twecCaluszeswigsshand
pul ses; FIG 3 is a schematic illustration of one enbodi nent of an
ultra-w deband conmunication systemenploying a wired medium and FIG 4
Is a schematic illustration of a second enbodi nrent of an ultra-w deband
comuni cation systemenploying a wired nmedium It will be recognized t hat

sone or all of the Figures,ar sche{ratic epresentations for purposes of
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embodi ments_qof the invention described herein, and any equival ents.
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t hr oughaut, I e hat all clained enbodi nents or
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provi dRmefifs shwgvi si on, audio, voice and/or Internet data receives. .
broadcast signals at a central station, either fromterrestrial cables,:
and/or fromone or nore sitedBesctiption @fclvelivienatiah s from a-communi cati ons

satellite.  The roadcast signals are then .distyibuted, usually by coaxi al
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embodiments of the invention described heréin, and any equivalents. Flirthermore, reference to
various. feature(s) of the "present invention" throughout this document does not méan that all
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, audio, voice
and/or Internet data receives broadcast signals at a central station, either from terrestrial cabies,
and/or from one or more antennas fhat receive signals from a éommunications satellite. 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. o

For example, community access television provider (CATV) networks are currently
deployed in several different topologies and configurations. The most common configirations
found today are analog signals transmitted over coaxial cAable‘ and Hybrid Fibe‘r-Cbax Systexhs
(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 use



(HFCS) that enploy both fiber optic and coaxial cables. The anal og coax
systens are typically characterized as pure anal og systens. Pure anal og
CATV systwopoavm2@har act eri zed by their use 3 WO 2004/ ®020(2003/018355

PCT/ US2003/ 018355 of established NTSC/ PAL (National Tel evision Standards
Comm ttee/ Phase Alternation Line) nodulation onto a frequency carrier at
6 or 8 VMHz intervals. HFCS is a conbination analog - digital topology

enpl oyi ng bot h coaxial (analog) and fiber optic (digital) nedia that
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customers.

In a HFCS, before the combined broadband signal leaves the head-end the broadband :
signal is modulated onto a fiber optic cable for distribution into the field, such as residential

. neighborhoods, or business districts. Mc;dulationA of the broadband signal 1s typically
‘accomplished in one of two ways. In the first method the entire broadband signal is sampled and
digitized using a high speed Analog to Digital Converter (ADC). To perform reliable digitall
sampling, the data must be sampled at a rate at least twice the highest frequency component to
meet 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 parallel to serial converter then shifts the parallel output data of
the ADC into a serial format. The.serial data then drives a laser diode for transmission over the'
fiber optic cable. The second method is broadband block conversion where the entire spectrum

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



the ADC into a serial format. The.serial data then drives a | aser diode for
transm ssion over the fiber optic cable. The second nethod is broadband

bl ock corwereis«m2ahere the entire spectrum of the broadlanb2ei3gnessi s
nodul ated onto the fiber optic cable. 4 WD 2004/ 002001 PCT/ US2003/ 018355
Desi gnat ed access nodes are | ocated in nei ghborhoods, business districts
and ot her areas.' The access nodes contain a high speed Digital to Anal og
Converter (DAC) and a de-serializer. A fiber optic recei ver detects the
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In a e two carriers, each having the sanme frequency
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conbiﬁﬁg for h m ss and separated after transm ssion.
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i nde e eo VPEG vi de reans, tQ be

trans O%P gaﬁi‘bnzwg &ju@{lol %g&gﬂo inipg, fve up lg}dtedéﬂﬁ‘éla'ieg stanlicied to

ei t hegingle élﬁimélplﬂléi)éb@ @bubling 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

modulated carriers are combined for transmission, and separated after transmission. QAM 16
transmits 16 bi’ps 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 émploy QAM levels up to
QAM 64 to enable up to 8 independent, substantially simultaneous MPEG video streams t(; be-
transmitted. ' ‘
At the customer’s location, the coaxial cable is connected to either a set-top box or
directly to a television. The receiving dévicé then de-multiplexes and de-modulates the video,
audio, voice, Internet or other data. Although a television can directly receive the a.ﬁalog signél

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



directly .to a television. The receiving device then de-nultiplexes and
de- nodul ates the video, audio, voice, Internet or other data. Al though a
t el evi si owocas/@eooect |y recei ve the anal og signal, a sS@CTIURIIBOA83S
generally required for reception of the digitally, encoded channels
residing on CATV channels 79 and higher. 5 WO 2004/ 002001
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The present invention may be employed in any type of network that uses wired media, in

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 herein, 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“
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, a 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
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



(MAN), and a wide area network (WAN), anong others. A network as defined
herein can also be characterized by the type of data transm ssion

t echnol ogyoin0am®eo0en it, for exanple, a TCP/IP networkPCArb2e038ys52Nns

Net wor k Architecture network, anong others. A network as defined herein
can al so be characterized by whether it carries voice, data, or both kinds
of signals. A network as defined herein can al so be characterized by who
can use the network, for exanple, a public swi tched tel ephone network
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Because the excitation pulse is not a modulated waveform, UWB has also been termed “carrier-
free” in that no apparent carrier frequency is evident in the radio frequency (RF) sp'ectrum That
is, the UWB pulses are transmitted without modulation onto a sine wave carrier frequency, in
contrast with conventional radio frequency technology. Ultra-wideband requires neither an
assigned frequency nor a power amplifier. . ’

Conventional radio frequency teehnology employs continuous sine waves that are
transmitted with data embedded in the modulation of the sine waves' ampiifude 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 cellular phoné communications in the 800 to 900
MHz band. Cellular phone operators use 25 MHz of the allocated band to transmit cellular
phone Signals, and another 25 MHz of the allocated band to receive cellular phone signals.



Conventional radio frequency technol ogy enpl oys continuous sine waves that
are transmtted with data enbedded in the nodul ation of the sine waves'
anpl i t udewor2oéwmeoeency. For exanple, a conventional celPiColEs2(30083685 MusSt
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‘reference.

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 frequenéy 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 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. Hdwever, UWB pulses transmitted through most wired

media will not interfere with wireless radio frequency transmissions. Therefore, the power
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the pul se. At any single frequency, such as at the carrier frequency of a
CATV provider, the UAB pulse power present is one nano-watt (for a
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At any instantaneous frequency, such as at the AM or QAM carrier frequency, the UWB pulse
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power present is one nano-watt (for a frequency band of 1GHz). ‘This is well within the noise
floor of any w1red media system and therefore does not interfere w1th the demodulation and

- recovery of the original AM or QAM data signals.

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 carrying capacity of the wire media system. With Wired"
communication systems, the noise floor and signal interference in the wired media rap1dly
overcome the transmitted carrier signal. This noise on the wired media is a 51gn1ﬁcant hmltatlon
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 a wireless environment. "In a wired
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by introducing subscriber-generated data into existing upstream channels. The present invertion

provides UWB communication acrose 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 recelve '

' dlgltal information for the purposes of telephony, high-speed data, video dlstnbutlon v1deo
conferencing, wireless base operatlons and other similar purposes.

Referring to FIG. 3, the wired ultra-wideband communication system 10 is configured to
transmit ultra-wideband signals over an existing network or system that ineludés 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 han'd fiber-coax television network, an
Internet service provider network, a PSTN network, a WAN, LAN, MAN, TCP/IP network, a

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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Referring to FIG 3, the wired ultra-w deband comuni cation system 10 is
configured to transmt ultra-w deband signals over an existing network or
syst em t D 200uzdoe@des wi red nedia. For exanple, the w r@dTaiseeansdeband
(UMB) system 10 may transmt UWB signals over an existing community access
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servi ¢lapedators 45 and gomdrray 3¢ waB)vanevith eachagpe Thwirsd mediangtwarki der UVB
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R SRR R ARt
assocdetiei® advieRd the audio, video, or other data signals received from the satellite receiver 20
into a mu]ﬁplicity of UWB electromagnetic pulses. The service provider ultra-wideband (UWB)
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 associatéd 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
include error control, and data compression functions. The analog coder/decoder may include an
analog to digifcal conversion function and vice versa. The data access management device 6r
devices may include various interface functions 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 signals received from the satellite receiver 20 into a
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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and el ectronics. The service provider ultra-w deband (UAB) device 40 may
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Ser i aDEGODING 8N2TBAOWIDEBAND MNFORNATION(! Btridbavis. h)ﬁ/$0235&0 Radbt hand of
Arrie r d_tq and incorporated herein'inits entirety by
this ﬁcﬂﬁ,ﬁwﬁ ttf]‘O rf‘“&e%‘é‘iﬂg’[ gﬂ%‘a ‘:21%1%?? f%%‘ﬁ‘?ﬁ &héﬂ%ﬁ}ﬁomatﬁéﬂ@@nam)mt ude
nodul ghtirefy B}Dthisrréﬁ%'ﬁck the

An alternative modulation techmque may use pulse amplitude modulation to transmit the

UWB signal across a wired medium. Pulse amplitude modulation employs pulses of different
amplitude to transmit data. Pulses of different’ amphtude may be assigned dlfferent dlgltal .
representations of "0" or "1."” Other envisioned modulation techmques include On-Off Keying
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 Keying, which is neither a PPM nér PAM modulation
technique may also be employed. It will be appreciated that other modulation techniques,-
currently existing or yet to be conceived, fnay also be employed. '

A preferred modulation technique will optimize signal coexistence and pulse reliability
by Acontro]ling 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 “carrier-like frequency,” which it and its higher order harmonics may interfere with
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UWB signal across a wired nmedium Pul se anplitude nodul ati on enpl oys pul ses
of, different anplitude to transmt data. Pulses of different anplitude
may be aswoDgoedodiofif erent digital representations of "@CTars200B/01836her

envi si oned nodul ati on techniques include On-Of Keying that encodes data
bits as pulse (1) or no pulse (0), and Binary Phase-Shift Keying (BPSK), or
bi - phase nodul ati on. BPSK nodul ates the phase of the signal (0 degrees or
180 degrees), instead of nodul ating the position. Spectral Keying, which
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nowl ePus pad Coinpencdfy fumel 1o P iNhellsr il B RS dle g natlielidn 1
and i afierhiateh W ghalseteaveiopé sbapimgyhdsnthe nfigitionati 4dvantige B@c&ﬂﬂﬂl’h@%ﬁﬁ%wer

c

PCT/ US2003/ 018355.the data carried in conventional RF carrier annel s.
Homevépe,cg\?{‘?el’i’s BE@’SE@PPI&H&FM&F%W% difficulties encountered with a

fixed PRF Seforilsid@bhivgdVdii rﬁ%&%ﬂm _ m_PRE
nodul ati on t.eéhni ue. rgrayé%lﬁwgge .as ul sebgfr%ése%(gég} ;kﬂg?d#lg&g%gﬁgaoﬁeg
pre- hpensitting seatthrough shiviphlebs epdamcy Woslen®IWB frdiginidstums Whiigd

Do ¢ o TMacP A Bl o0 For LD Intetlerite R MR LTsea bt ertnenony MTD1 bt
t r ansof Whit cdakevestlyanm: (1RSNRIIM Ry BWBIRSsBIkDhs "WRERe p{lﬁ'ohttéaﬁ‘ﬂoéggh N

pul ses throg&]h wired nedia as opposed to transmtting ses

wi r el 84ch ardaissAmplitude dMedulation: (PAM )y twbinhooféer e sbilityofos hijghr bisdekities ateasotas

| nt er: [ 4] rf. (o d Multi-User Interference "both of
i RN B FORRBbRY) i ol el G RELERRS (e ik
modul trahsoittedeverivjebmediuc in 8ddifod, 36 nAfbith daeael Al ifase &%&Mqro Jafibn

offer .;the ahility for high bit densities are not effective at 1oh

wi r el 9€8Y groblems preserinse witednediey Tharelose, itlés paimaigrh fiat o ulvBwidebead
tr ansgjsténerhag B8 ab th SR it ddQRedifdR Ul b SRS AL S S apd
t her eé%_re ng9prgpa ation Hc?g}aa%;%psggg‘flfeégs%%dr@géﬁ? r%ﬁn& %%nr@g%gﬁfﬂ{l&o{l
Ther eEbitisccond. [Thisdathmate ovdlltdnatredhnat thd bandwidtblraqairenssrss efmuyybecaPlovided
transggl{tbeqﬁéta across a wired nediumin a range from 100 Miit/second to 1
Goit/Second.” This data rate will ensure that the bandw dth requirenents of

any servi ca prefevied &fmbodafiefcoMNge 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
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 tov
match the available frequency of the specific network. For a CATV or HFCS network located ih
the United States, an ideal UWB pulse would generally be aboﬁt 0.5 to 2 nano-seconds in.
duration. This is because a 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
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 guarantee pulse integrity throughout
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A preferred enbodi nent of the service-provider UMAB device 40 will spread
the signal energy of the UAB data stream across the a bandw dth that may
ranger frem260udikimito approximately 870 MHz or as di scesydbabBovesssto 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
exanple, a UMAB pul se woul d have a duration of about 1 nano-second in a UW\B

data ®&gitigaiont S - ha | enn i\(ﬁ}vé, . | Secn .
durati oéh woul dhli_i:ﬁ)éél ?gsi%llccﬁ)‘lr’ erg%loﬁm&?dé‘”h@{oﬁxga%%i tag{ee re ﬁﬁeﬁr???ﬁéc??dteﬁltgg >0.
speci fGaneradywen idealioad pulgAwidtiowortd(ds cadtulaied bhadatretieiffequénty reljohesloSihat es,
an id%@éciﬁMB&le s%ti)wou d generally be about 0.5 to 2 nano-seconds in. -

dur at -0 "ThS S PEERENYE " a conventional CATV or HFCS network |ocated in

the Unit ed Rf@tiag to FYGI 8atht Ynulipllc H OARE Lot ely
870 MHz, Dbut hasgt%e capaci tydllfti%icuﬁ'??lg?gég@éﬂp to 115'%[9—#%%%?2 Oggg{v?ﬁ% h

al | ondrgwadergUIVB odeyigea A -t ethe repnphises e3 @) uwhichocombinesa theo W WB Upigeswivith hthie s

P e, coffsnBGRAIGE ARCESBP *On ARRE b AP sk s it e omigh abdinge
pul se thnt@yentional IRFOgtier kigndls '\ 2RA4/O0828% sBET4LISROQ35 L ARE %arré/ing the.
u

di gi tiﬁgbi on, transmssion, reception and reformation at the scri ber
devi c Pulses peplse P‘?P,Pl%toith%ﬁm cqsiad ephifitatt hasamdined sigabls wkefordakiad ed

on th s 3 . ckfic wred | 2 syst Referripg to
Al et Ao RRRARRR Ploilel 35, TR s ol S mRE Bl A8 sonFrcentd ce-
provi dier nWiplibétyi oft UAUBt pulsdsearbttel odtvedfonaMRE kagfitiignss tdeeivedMBrmRUhses
with the..cogyentional RF éigrrl er signals. One nethod to acconplish this -
t ask FngBle{:gﬁdP@ 3 cofreRording ppHepl signal. c dhe cmticelnsignakseneretor éan depithesat o a
st and3ikBi-&Rrth@Hiodp! 4 ] ' e nul ses;iks.al so
coupled to t hegastogﬁ’d%o?igesg%g%sgf&lgg ,ic}ﬁcgt}?e-rcs?ﬁél)ig ?@ r’r{l){l[cge(;r hgi\é? ngfiss %lraé-ls then

f or wadiséibuted, on Hiber japtic wiblesctotresidential neighberhebds rmlmessTHitridtd) amivsiities,

AL TGRS bl Pt e e
o euaiaaptuting 1 el €y S8RLERe S ) Rl g °
The OB}sp &5|en§? @ypé] Far @)W@pple,dhg WBLRQ_%@ greafr me'rbeppmt directht E!Sthb(ﬁber optic
of her ey 8 R o B bR e 1 "Cost omer s, “Qther
net hods an8howednRIGuUB s filker multiblerémde 45\ViBapbt Setatddr £ any 8A6l oftHeABYRRLE Onal
RF C‘figlersicrellt’)ecli'S él r\]/%! ﬁ}ero%?{palns?gnals are received by the multiplexer 45 and are converted back '
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. 4 -
One embodiment of the subscriber UWB device 50 will demodulate the multiplicity of
UWB electromagnetic pulses back into a conventional RF carrier signal. The subscriber UWB-
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 inv‘entiony is illustrated in FIG. 4. A full service
wired UWB communication system 70 is structured to allow for extremelyA high data rate

transmission of video, telephone, internet and audio signals.
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al so be enpl oyed. For exanple, the UWB pul se streamny be sent directly to
the fiber optic transmtter/receiver 35, which will then conbine the two

si gnal s. Sboawioroofl G 3, a fiber nultiplexer node 45 ne¢ThisS2003028388 at any
one of the locations described above. The optical signals are received by
the nultiplexer 45 and are converted back to the conbined conventional RF
carrier and UMAB pul sed signals.. The conbined signals are forwarded to a

subscri ber UWB device 50. The subscriber UWB device 50 can be considered a

gat eway or r..that vi.des cess to the conbin si.gpal s,. e -
enbodi ment T%lg Lﬁlﬁese dges%esiy Stﬁ%a@é?ﬁe&ées@dw’I‘Pg‘?f’e'?‘ﬂﬁﬁgﬁ‘tﬁtlgpoﬂ"ﬁ‘éu?ﬁ?l}ﬂ“blapcift y
of  UiBeshefinmormgnfbinCteRitagissohaek shai & Ab&UPHRNriconahl BplGartiess siharal -
The subscri ber UWB devi ce 50 maé(?l ncl ude all, sone or additional

conmpoAEnoEwardgh o the satrdlitsaecaivess 3P oy dassribed\Bboveewitle sefdi@ncd to thieiveiredaiveB,

addi t .oRalunha ' Il | : ilable.to the.wired nmedia n rk to.

pr ovi lc:1§a)llﬁtﬁjhe aggel{\%g%%%wod%? g&%ﬁé‘ifsﬂﬂ’@k% Bema R haé?#&iﬂ}?é‘& ngqurﬁ?\ggqgg{qgﬁgpq An
al t er bptihost dighalderminal 86, THehddt @56MAL tdrMRINBD PRodutatéd ﬁluﬁf?u@&cﬁele 5iBndlk G4 A
full service wred UB conmunication system 70 is structured to allow. for
ext r e FEPY i upatrepmn and dpwnstrsapnRRisigaplsn Toe visiagerignalscirerpitbe bost idigitsl termineld
audi OSQWmardédltoVﬁ?egng/ﬁ{e&Q&%ér §R4003 018355 The full service UB
system 70 receives audio, video and data 1nformation froman antenna farm
15 or fromAneimt@setr seavice provides &UGdrwasdsf inbefietofitd Co e BRebtdoutriIes Thehese
si gnal re forwarded to the satellite receivers 20 as described above

i £ PipPRpte? DY EeRG i Packeiverccis bR L Rbcksit, Sishors Turwardeddadhe peswice

si gnapfovided UWBRIEHeQo! el ephone network. 75 are received by a host digital
termnal 80. The host digital termnal 80 nodulates nmultiple voice signals
into. twolheyejsstpreviderdldWRideviet 4@ arodBiatesi the irtarnetTdaea, Wi iephogyaits ahdom
the hgst, digital .terninal 0 are fo rded to t.he service proyider UNB
devi c{eil%zﬁﬁl.gii %ﬁelivﬁq %rro n}hesnge\lllﬁs &SP démias IFW‘RA?IH%O' eleeiFqrasengtie Ruises: tthe
i nt er describelihtivedbhd fitwards Heafulk t6 e QmbiRerBON erMRIBmbRRT k6Hbines W
TCP/ I P packets, which are forwarded to the service provider UMNB device 40.

The sBAecwithrthy caryentiopsl R icasien signals Andt feswarde thencambioed dignal tot the fiber

t el ephy : a r 'RY omth atellite receiyers.20 into
O ool 8o g Trhe SRElsSEF BB E RS i bt Y B8 o d
t he plightesnitting diede,cobidrstate Bler dibéde, aprdtherenitssleidevies The sBiHab @Stheh t h

the conventional , RF. carrier signals and forwards the conbi ned signal to
t he fﬁ%ﬁgfbuged to the fiber mu&tlplexer gno&e 45 located within business districts, resgldential

neighborhoods, universities, colleges and other areas.

The fiber multiplexer node 45 receives the fiber optic signal and converts them back 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. 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.'.
Alternative embodiment subscriber UWB devices 50 may be located adjacent to televisions sefs
similar to a set-top box and used to transmit on-demand miovies, 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 teievisions,

interactive media devices such as set-top boxes and telephone switching equipment.
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optic transmtter/receiver 35. The signals are then converted into an
optical signal by either a light emtting diode, solid state | aser diode,
or ot her woi2zoednloeoodevi ce. The optical signal is then dipstrrisheBedsssd t he
fiber multiplexer node 45 | ocated within business districts, residenti al
nei ghbor hoods, universities, colleges and other areas. The fi ber

mul ti pl exer node 45 receives the fiber optic signal and converts them back
to the conbined conventional RF carrier and UWB pul sed signals. The

conbi ned st : cy.l ber -UWB.device 50. ,
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t el eviervien psdliderOr FGOMAHIpRS, -a Joiehiial @VAPE ROTHES %gﬂr%l{c%éé?gestﬁ RBET ¢
and distribute data to conputers, network servers, digital or SUBLCT| ption
t el evPdPWrY) MHA fesrupstreape tiaffi. a Ote imtmslimentiofabe pedsentojpvartionsmapdndledephone

i t o | 1 004/002001 PCT/ US2003/ 018355 The subscriber UVB
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tel evi si on? t el ephones and ot her devices. For exanple, UWB ofev ce.
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o e eSS : s to "
Pl PavEl A R ErbElnEh A e SRl YhARTHRD simib DU PifRadtionet
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toward the . service ovi der. For .exanple, a conventional CATV or H

net woPRAPEs 89085 91 nEFsTittgareriveocapbe flosatedpin pemeaionahtenter, sepféonal

enbo e} pritharly Rentef, 318 BdntdrMMUENbIRE, S eit BGL band-pass filter with
st op- bandspabolj{}/’e 1.GHz,. a?ndr’ bel ow 50 M—I%l!rt@@hgﬁglg?'e attenuation of UWMB
pul ses so Hee pugsent dnventien pE trensmiitting it rveideband afgnials. acidss sewfred hediung oo

serv . Limiin otential inter-nodul.ation distartion that:

coul RSy B BRS S irea o 'For SRl Beavieah Metiranangbis aeine Sher Abhon,

pr esdiiiter ioptie 0ablesimgly niodambet bptid MBI whisgmodd i @tic kfﬂﬁé} IiSl'bﬂﬂﬁ :wi}e?wone
or long’ .

Wi reswﬁg’)ea%ﬁrégéxr}%c%gﬁp the provider, whether they be a loca

In addition, the wired media can include twisted-pair wiring, whether ‘shieldecll or
unshielded. Twisted-pair wire may consist of "pairs” of color-coded wires. Common sizes of ,
twisted-pair wire are 2 pair, 3 pair, 4 pair, 25 pair, 50 pair and 100 pair. Twisted-pair wiré is
commonly used \for telephone and cdmputer networks. It comes in ratings ranging from category
1 to category 7. Twisted-pair wiring also is available unshielded. That is, the wiring does not
have a foil or other type of wrapping around the group of conductors within fhe 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 thejwirecll

media network is a Internet service provider, cable television provider, or a computer network
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di stance 'carrier, an UAB transmtter/receiver can be |located in a regional
center, sectional <center, primary center, toll center, end-office, or

t hei r equwoabento2001The present invention of transmtti ng@Caluseenswisishand
signals across a wired- nediumcan enploy any type of w red nedia. For
exanple, the wred nedia can include optical fiber ribbon, fiber optic
cable, single node fiber optic cable, nmulti-node fiber optic cable, plenum
wire, PVC wre, and coaxial cable. In addition, the wired nedia can
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r ecei ewbodimentsi ‘gﬂl sfqilee\dﬂhmttleaf ﬂleéralaﬂﬁﬁélslegalnioapaf‘cifl tHe fB1160Mmgadtdindd, hﬁﬂ the V
features that ng.. Thus, It is seen that an apparatus and
met hoBfSPgH ‘%‘?e& ﬁiﬁj @ﬁa ba/éla%%%thm foilaw mla@@a@m vgmsse@mamgmf

Wi T edtheBsdititildr mbb i ciate

present invention %&ﬁﬂdlﬁ)%ﬁ%{f}? etgi gigs%{t?’ Héltrpﬁ}a%é)na‘%ﬁh §§%‘ﬁ%§’élsaérwe@i§d

enbodi nents, which are. presented in this descripti on for purposes of
illustration and not of limtation. The description and exanples set forth
in this specification and associ ated drawings only set forth preferred
enbodi ment (s) of the present invention. The specification and drawi ngs are
not intended to limt the exclusionary scope of this patent docunent. Many
desi gns other than the above-described enbodinents will fall within the
literal and/or |egal scope of the followng clains, and the present
invention is limted only by the clains that follow It is noted that
various equivalents for the particular enbodi nents discussed in this
description may practice the invention as well.
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17 WD 2004/ 002001 PCT/ US2003/018355 CLAIMS WHAT IS CLAIMED IS 1. An

ul tra-w deband comruni cation systemfor a wired nmedium conprising: an

ul tra-w dwbandi/de@nasm tter structured to, transmt an ulpcmrassadebssssl si gnal
t hrough the wired medium and an ultra-w deband receiver structured to
receive the ultra-w deband signal from the wired medium 2. The

ul tra-w deband comruni cation systemof claim1l, wherein the ultra- w deband
signal conprises an inpulse radio signal. 3. The ultra-w deband

conmuni cation system of claiml1, V\/n(gi Nt he ultra- w deband signal
conprises a pul se of electromagneti gy having a duration that can
range bet wagHAZOSWL ATMEDaIS0seconds t o about 100 nanoseconds. 4. The

ul tra-w deband communi cation systemof claim1, wherein. the ultra-

wi deband silgnal AgoHsrivgdeband soinseunigatien systeno fereired medbmgycohmpvising: a

d [ h t 0.1 ds_t bayt, 100 .
nanoseconds and 4 HigaRorREH FRnad i d 80P EREN S o uhitoond i s 1o

about -60 plevegh theorihd Bediam; ampsured at a single frequency. 5. The ‘
ul tra-w deband comuni ¢cation systemof claim1l, wherein the ultra- w deband

transnmitter conpRiWEawadeband recepea shuetred P seceivel theanlbra-widgbaridssignal foamar ed

to transmgle @irfdbhibd city of ultra-w deband signals. 6. The
ultra-w deb(fnd rcom%r{i}ﬁl{ﬂéati on systemof claim1l, wherein the ultra- w deband

recei ver ca@npri he altracwideband domanchicatios esydRAD WS alath 1 habhdréin StheUgltit ed
to receive a'le wétiigﬁﬁlli city, of ultra-w deband signals. 7. The ultra-w deband
communi cat i"87ebapd sighal somyirisesam impykserradia sighal-wi red nedium is sel ected from

a group copsi Stig Slira acoRid SBmnlunRHiof B8 1 ORbFeifi SRS
single node fiber optic ga e, a nu tflc-ngmsgggﬁ bcgrr:%lgﬁi (1:’ ca een,qaglet wn%ted,
pai r wire, vadebang bigehldednprises stpatbepdictectibmegneticpdnergyrhavitigea daraBve thidtican a

it o wi dobant PEBTRsa AP U bAuEescb Grobenc) 0 Foosantin ¢ he wired medi um
4, The ultra-wideband communication system of claim 1, wherein the ultra-
wideband signal comprises a pulse of electromagnetic energy having a duration.‘that g;an '
range between about 0.1 nanoseconds to about 100 nanoseconds and a power that éan
range between about +30 power decibels to about 60 power debibels, as measured at a -
single frequency. |
5. The ultra-wideband communication system of claiﬁ 1, wherein theA ultra-
wideband transmitter comprises an ultra-wideband pulse modulator that is structured to
transmit a multiplicity of ultra-wideband signals. |
6. The ultra-wideband communication system of claim 1, wherein the ultra-
wideband receiver comprises an ultra-wideband pulse demodulator that is structured to
receive a multiplicity of ultra;widebahd signals.
7. The ultra-wideband communication system of claim 1, wherein the wired medium
is selected from a group consisting of: an optical fiber ribbon, a ﬁbef optic cable; a single
mode fiber optic cable, 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 eleétrically
conductive material. '
8. The ultra-wideband communication system of claim 1, wherein the wi:éd medium
is selected from a group consisting of: a power line, an optical network, a cable television

network, a community antenna television network, a community access television
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is selected froma group consisting of: a power line, an optical network, a
cable television network, a community antenna tel evision network,. a
comuni t ywecoes®?2ooiel evi sion 18 WO 2004/ 002001 PCT/ US2@C3/i3288385835met wor k,
a hybrid fiber coax system network, a public switched .tel ephone network, a
wi de area network, a local area network, a nmetropolitan area network, a
TCP/ I P network, a dial-up network, a switched network, a dedicated
network, a nonswitched network,- a public network and a private network.

9. The uItra-mﬁdeb%§d communi cati.on system of claim1l, wherein the ultra-,

wi deband sPEfWArk.i & hyybrd fiber cpansystam asivorkep qwblig sritshed: telenbope @sierks ang
1 dedant st . o Ser gttt o4
e evi st on e e et oS SRk, L dopolithra ki, AP neprork,

ul t ra- wi debaliad-uponetwotls ai svwitchey sictwvorkf a dedicared newh@k ea mohdveitchked metworkgdeband

signal conprises a ltiplicity of pulse quadrature anplitude nodul ated
signals. 1 ‘:‘blile’rf?twpﬁ%i‘-‘\/é)ﬂé‘ﬁéﬁ’get\? ni cati on system of claim1, wherein

the ultra-gw dehgpdyf i ﬁﬁg B! dsild & : ul Si .
nodul at ed gi gnal s. %Z.ag\'?'ﬁleebﬁaﬁg-w lecl%g% %}Sm%ﬁcélta?gn@‘sﬁ{t%gér}nﬂo?gc g?m 1,
wher ei n t hwiddband signalshmad teitrgnsit datapelested feormal griopp icondistingf ofp telgghony
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rate frequemngynd dddio dag, ul tra-w deband communi cation system of claim 1,
wherein the ultra- w deband signal is nodulated at a variable pulse rate
frequency. 185. The ultrarwidgbaish spmimaoination ceysieon ofy slam of vdiesgim the whwrein

h I - Wi [ | d da- d | -
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data througigndls. substantially continuous wired nmedium the ultra-w deband
system conpri si ng: an ultra-w deband transmtter positioned at a first
&b

| ocati on ohlthel8Gbulianvidgband cewmimiraton susteay cfedlaim Lt deminr Benilieband
ST AL LRy U R PR Ay 1 (e
| ocation o2t heThabslmnavidebind communication system of claim 1, wherein the ultra-
wideband signal comprises a multiplicity of pulse amplitude modulatéd signals.
13. . The ultra-wideband communication system of claim 1, wherein the ultra-
wideband signal is modulated at a fixed pulse rate frequency.
14.  The ultra-wideband communication system of claim 1, wherein -fhe ultra-
wideband signal is modulated at a variable pulse rate frequency.
15. The ultra-wideband communication system of claim 1, wherein the ultra- " -
wideband signal is modulated at a pseudo-random pulse rate frequency.
16.  An ultra-wideband system structured to transmit and receive data through a .

substantially continuous wired medium, the ultra-wideband system compriéing:

an ultra-wideband transmitter positioned at a first location on the substantially
continuous wired medium, the ultra-wideband transmitter structured to transmit an ultra-

wideband signal through the wired medium; and

an ultra-wideband receiver positioned at a second location on the substantially
continuous wired medium, the ultra-wideband receiver structured to receive the ultra-
wideband signal from the wired medium.

17.  The ultra-wideband system of claim 16, wherein the substantially continuous
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continuous wired nmedium the ultra-w deband receiver structured to receive
the ultra- w deband signal fromthe wired nmedium 17. The ul tra-w deband
syst em ofwol2a04002@®1 wherein the substantially conti nuou®CTAS28302¢388/ 002001
PCT/ US2003/ 018355 wred nediumis selected froma group consisting of. a
power line, an optical network, a' cable television network, a conmunity
antenna tel evision network, a community access television network, and a
hybrid fi ber coax system 18. The ultra-w deband system of claim 16, ‘
wherein the .su stg,nt iall cgnti nuous wred mediumis selected froma group
consi st i ng “Bfed BRAYR 1ssslecter fiom ¢ gER@reonsisingef: agstver lingat eptical étwgtle amode
fiber opti : J i i w,sted pair. wre an
nsh el ded Forar oy oo eebag A sty @fid ERVistn b S uBRiin e
and an el dédevisivalnepwaknahdct iybeidrfitee toad systtgh. The ul tra-w deband system of
claim 16, erein t ul tra-w deband signal conprises an inpul se radio

si gnal . %Th,e € {lﬁf AR asYSIPRY o M 1§ Miherein \Ah%'rsébﬁﬁartr{l]lgﬂy continuous

ul tra-wi dekansd &k l; ' I : j € e hayi ng a
ur at on § R oA is RO L8R SroB oo ing a0 6 OMROAGLY Bfich B Shhc
nanosecond$ablg]a simple mode Sbeniogtid eatde, symubimotie Gibai optitGablebe twistdtgad wire,
ultra-w de nﬁ:l igﬁgl . o&rgrj ses .a ]%ul‘se of el e\((;éro,magneti ¢ .energy having
a duration“that™ € r%{‘ﬂé& BY WEES 2 BISBUR WIre: Adnds S8Bhdscoaxial sghle. 2od an
nanosecondgletiitafly eoH@ictivOalates@D range between about +30 power decibels to

about -60 power decibels, as neasured at a single frequency. 22. The
ul tra-w deband system of claim 16, wherein the ultra-w deband transmtter

conpri ses ap, ul ta- WindeRIREarAU 5eerAO kAT 16N hel I tLangm t
amltiplicity  of ultra-w er.a%ge Si gngFas. ﬁé” %‘?@%ﬁb%ﬁ&ﬁg@@gﬁnﬁd@@ m of
claim 16, GP@PEFeS anHmpylseradiokigadland recei ver conprises an ul tra-w deband

pul se denodyl at t N tructured to, recejive._a nultiplicit, of: .
ul tra-wide g’nd girha na & .wgﬁﬁanﬂnsﬁ? , aqf\t/\ncﬁlérﬂa _ (W&ﬁ?ﬁﬁ‘?‘]ité%tqlgﬁ'“@é%qaéﬁ] gigpaly
subst ant i abbiyiprisstd pulee S \WdoR6magistic Wher SORRIAS b Wiration that can range between

about 0.1 nanoseconds to about 100 nanoseconds.

21. The ultra-wideband system of claim 16, wherein the ultra-wideband sigﬁal ,
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‘befween
about +30 power decibels to about —60 power decibels, as measured ét a 'single
frequency.
22.  The ultra-wideband system of claim 16, wherein the ultra-wideband transmitter
comprises an ultra-wideband pulse modulator that is structured to transmit a mﬁltiplicity
of ultra-wideband signals. |
23.  The ultra-wideband system of claim 16, wherein the ultra-wideband receiver
comprises an ultra-wideband pulse demodulator that is structured to receive a multipiicity
of ultra-wideband signals. |
24.  An ultra-wideband communication system for a substantially contiﬁuous wired
medium, comprising:

an ultra-wideband transmitter structured to transmit an ultra-wideband signal
through the wired medium; and

an ultra-wideband receiver structured to receive the ultra-wideband signal from

the wired medium;
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an ultra-w deband transmtter structured to transmt an ultra-w deband
signal through the wired nedium and an ultra-w deband receiver structured
t o recei vwotzherwkdma- wi deband signal from the wred me®CarmgS2@6/0¥4355

2004/ 002001 PCT/ US2003/ 018355 wherein the ultra-w deband transmtter and
the ultra-w deband recei ver communi cate through the substantially
continuous wired nedium 25. The ultra-w deband comruni cati on system of
claim 24, wherein the substantially continuous wired nediumis sel ected
froma group consisting of: an optical fiber ribbon, a fiber optic cable,
a single node fivbereimptiec ulizivédebandrutransmitioe 4ndoehe opliracwidgband receiver

twisted pair, wire, .an unshie] ded.tw sted pail Wre. plenumw re, a PVC
wire, a codxpgpme fgﬁﬁr@u&éﬁjﬁs h&@}q@i P 'gliu}@s &%n&%%ng' material . 26. The
ul tra-wi depsind TREWUALWRIEbA GyshemtaionCdyalefh dclaih s, eitierdih ehesstibstaatialiyal | y
continuous wired nediumis selected froma group, consisting, a power

of .
line, an ogantimpus wiredunediung iscselacted: fsprava grpeim consisipg T an aBiealberyibhetenna

tel evision t wor c ity Jel evisi . ' i ber
comx. syst ehitet qapk e B hbgediRERHL bl  aflupfoRfber Suip/BIE 4

net wor Kk, atwigealpaiieide, R@tunsliklded twistedqraid wirana plemen wisd, witkC vare] @R¥okkial
network, a dial-up network, a swiitched network, a dedicated network, a
nonswi t cheepbi@aRd ar elestrically renduetiviprRicaidl a private network. 27. The

ultra- widebgnd GREHALGRELAN SIS Mor {3 StlolatheL QUi thelbithAntially

w deband stgnal "I's used to transmt data-sel ect eof roma group consisting
of : t el epheontinudad wiret ngidivsip eestladeddafrordiagiroey coristiting dfitaapovetir dineaén optical

tel evision data, |Internet, conmuni catjon data and audi o, data. 21
network, a ca%rle television network, a community antenna te(ilevmon network, a

community access television network, a hybrid fiber coax system network, a public
~ switched telephone network, a wide area network, a local area network, a metropolitan

area network, a TCP/IP network, a dial-up network, a switched network, a dedicated

network, a nonswitched network, a public network and a pfivate network.

27.  The ultra-wideband cominunication system of claim 24, wheréin the ultra-

wideband signal is 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.
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