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invention generally relates to ultra-w deband communications re
particularly, the invention concerns a nethod to transmt ultra-w deband
signals over a wire nedium Background O The Invention The Information
Age is upon us. Access to vast quantities of information through a -variety
of different comruni cati on systens are changi ng the way people work, ¢
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i ncgg gly inportant, as the size of-data transm ssions has continually
grown. Applications such as in-home novies-on- demand and video

tel econferenci ng demand Badhr @tﬂ{da);T ROBVesShPN. rates. Anot her exanpl e' I s'
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| ocat physi ci ans. UCh T ransm asi ona e hto
t r athemel vqsheand commumcate with each other. For example, as a result of mcreascd '
telecommunications competition mapped out by Congress in the 1996 Telecommunications

Reform Act, traditional cable television program providers have evolved into full-semce

providers of advanced wdeo voice and data services for homes and busmesses A number of
competmg cable companies now offer cable systems that deliver all of the just-described services | |
via a single broadband network. _

‘These services have increased the need for bandwidth, which is the amoﬁnt of data "
transmitted or received per unit time. Mor¢ bandwidth has become increasingly important, as the
size of data transmissions has continually grown. Applications such as in-home movies-on-
demand and video teleconferenr_:mg demand high data {ransmission rates. Another example is
interactive video in homes and offices. -

Other industries are also placmg bandwidth demands on Intemet 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 bandwidih to transmit the:
large data files in a reasonable amount of time. These large data files, as v}ell- as the la;rge data
files that provide real-time home video are simply too large to be feasibly transnﬁtted without an
increase in system band\mdth The need for more bandwidth is evidenced by user complamts of
slow Internet access and dropped data links that are symptomatic of network overload

Internet service providers, cable television networks and other data prowders ge:ierally
eniploy .conductive wires and cables to transmit and receive data. Conventional approaches to

signal (i.e. data) fransmission through a transmission medium, such as a wire_or cable; is to




| arge data files in a reasonabl e anmount of time. These |large data files, as
well as the large data files that provide real-tinme honme video are sinply
too large to be feasibly transmtted without an increase in system
bandwi dt h. The need for nore bandw dth is evidenced by user conplaints of
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a nmethod to trapsmt ultra-w deband signals across any wired medium
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In accordance with a first aspect of the present invention, there is provided an ultra-
wideband communication system for a wired medium, comprising: an ultra-wideband
transmitter structured to transmit an ultra-wideband signal through the wired medium at radio
frequencies different than a radio frequency being used to transmit a non-ultra-wideband
signal through the wired medium; and an ultra-wideband receiver structured to receive the
ultra-wideband signal from the wired medium.

In accordance with a second aspect of the present invention, there is provided an
ultra-wideband system structured to transmit and receive data through a substantially

- continuous wired medium, the ultra-wideband system comprising: 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 at radio frequencies different than a radio frequency being used to transmit a non-
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.

In accordance with a third aspect of the present invention, there is provided an ultra-
wideband communication system for a substantially continuous wired medium, comprising:
an ultra-wideband transmitter structured to transmit an ultra-wideband signal through the
wired medium at radio frequencies different than a radio frequency being used to transmit a
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transmtter structured to transmt an ultra-w deband signal through the
wired nediumat radio frequencies different than a radi o frequency being
used to transmt a non-ultra-w deband signal through the wired nedium and
an ultra-w deband receiver structured to receive the ultra-w deband signal
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+met hod of increasing a bandwi dth of a community access television network,
or any other type of network enploying wired nedia, by conbining a

mul tiplicity of ultra-w deband signals representative of data with the

net wor K yad 5080200l N€ CONDbi ned signal conpri sing the 0 %Sgy of
ultra-w deband signals representative of data and t e ne signal is
received and the two signals are then separated into the rrultl plicity of
ultra-w deband signals representative of data and the network signal. One
feature of is that an ultr.a-w deband signal can be transmtted

simul taneously wth a traditional cable television signal, Internet
connection signal or voBHefDeserintionOf The Drawings. Because the ul tra-wi deband
signal c ﬁfs'ﬁ?a ' | taneously wth the other
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Detailed Description Of The Invention s _
In the following paragraphs, the present invention will be deset*ihed in detail by tvay of
example with reference to the atiached drawings. Throughout this description, the preferred
embodiment and examples shown should be considered as exemplars, rather than as Inmtatlons '

on the present invention. As used herein, the "present invention" refers to any ‘one of the

embodiments of the invention described hefein, and any equivalents. Furthermore; reference to
various- feature(s) of the "present invention" throughout this document does not mean that all
clanned embodiments or methods must include the referenced featuref(s). |

Generally, a.traditional cable television provider, a community antenma television
provider, a community access tetev1s1_on provider, a cable telev_151on 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 cables,
and/or from one or more antenrias that receive signals from a commumcattons satellite. The
broadcast signals are then distributed, usually by coaxial and/or fiber optlc cable, from the-
: central station to nodes located in business or residential areas. _

For example, community access television provider (CATV) netwofks aré currently
deployed in several different topologies and configurations. The most common eonﬁguratlons
found today are analog signals transmitted over coaxial cable and Hybrid Fiber-Coax Systems
(HFCS) that employ both fiber optic and coaxial cables. The analog coax systems are typicaily

characterized as pure analog systems. Pure analog CATV systems are characterized by their use



+exanple with reference to the attached draw 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
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enpl oyi ng both coaxial (analog) and fiber optic (digital) nedia that

typi cal I'yn sbuﬂlpﬁlNIW divd) IHROS yystepe bypicaty ehe astetite @heMink! &ters HRNBRYIS above

channel 78 cordlc?glto ANSI / El A-542-1997, in the United States, the

anal<s: fpgwa%he@ d and the video, and/or other data streams are de-multiplexed out. Indwldual .
video data streams (either NTSC, MPEG, or any other suitable protocol) are extracted from the

satellite downlink stream and routed to modulators specific for individual television channels.

The outputs from each modulator are then combined mto one broadband signal. From this point

the combined channéls are amphﬁed 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 -

signal is modulated onto a fiber optic cable for distribution into the field, such as residential

. neighbothoods, or business districts. Mc;dulation. 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 digital-‘
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 highér 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 shifis 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.
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rare nodul ated in 6 Mz all ocations on channels 2 to 78 using frequencies

fromb55 to 547 MHz. Wen using HFCS, digital channels typically start at
channel 79 and go as high as 136 and occupy a frequency range from553 to

865 MHzwd moscBR ext ended HFCS systens, channel asg) n go as high
as channel 158 or 997 MHz. The current ANSI/El A- 542-§€gg£/966%0t§%3gh%ard only

defines and assigns channels to these |limts. The actual w re/cable nedia
itself is generally capable of transmtting frequencies up to 3 GHz. In
both CATV and HFCS systens,. typically the satellite dowlink enters the
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The analog channels ar§'mmpﬁsed of modulated frequency carriers. The digital channels, which .
generally use the 6 MHz allocation system, are digitally modulated using Quadrature Amplifude
Modulation (QAM).- QAM is a method of combining two amplitude modulated signals into a
single channel, thereby doubling the effective bandwidth. In a-QAM signal, there afe two
carriers, each having the same frequency but differing in phase by 90 degrees. The two
modulated carriers are combined for transmission, and separated afler transmission. QAM 16 |
msmits 16 bits per signal, QAM 32, 64, and 256 each transmit 32, 54 and 256 bits per signal,
' respe_ctively. QAM was developed to support additional video streams encoded with I\A[PEG '
: vidéo. 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-
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,
audio, voice, Internet or other data, Although a television can directly receive the a:ﬁalog signzil,_
a sét-—tqp box is ggnerally required for reception of the digitally encoded chanﬁeis residing on
CATYV channels 79 and higher, '



+4 WO 2004/ 002001 PCT/ 1JS2003/ 018355 Designated access nodes are located in
nei ghbor hoods, 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 oply fver detects the | aser-nodul ated sig?ﬁh access node.
A paralﬁ£+ﬁ?%ﬁ§§%ial converter de-serializes the data %ﬁ%m%#ﬁ?s feed to
the high speed DAC. The data then | eaves the access node on standard 75
ohm RG 6 or RG8 or other suitable coax cable and is. distributed to the
custoner's prem ses. Thus, at the access node, the broadband signal is
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Si onaly, respect ively. QAM was devel oped to support additional video
streans encoded with MPEG video conpression. Conventional CATV-:and HFCS

net wor ks higyasigPiheyavaiible aedwidthP of @n established ‘wired media network, while
cdgxisﬁng with the conventional data sfgnals transmitted through the net\‘mrlé, Tepresents an
- qpportunity to leverage the existing wired media network infrastructure to enable the delivery of
greai_:er .fuﬁctionaiity. Several methods émd 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
whole, or _in part. That is, a network may use Both wired media, such as coaxial cable, aﬁd '
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 inferconnect with other-
- metworks and contajn subnetworks. A network as defined herein can be characterized in‘ terms of'.
a s_paﬁal distance, for example, such as a local area ngtWork (LAN), a metropolitan area networic
(MAN), and a wide area network (WA'N),‘ 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

6 . ' |



- QAM'64 to enable up to 8 independent, substantially sinultaneous MPEG vi deo

streans to be transmtted. At the custonmer's |ocation, the coaxial cable

is connected to either a set-top box or directly.to a television. The

recei vi g fgvbosR1t hen de-nmul tipl exes and de- nodul at gsptbRoM 689, audio,

voi ce, Internet or other data. A though a television can dﬁrectly receive

t he anal og signal, a set-top box is generally required for reception of

the digitally. encoded channel s residing on CATV channels 79 and higher. 5

WO 2004/002001 PCT/ US2003/ 018355 The above-descri bed networks, and ot her
nlcat on systens that enploy wred nedia, such as

t
'? 5\A’ \s,}t% BZﬁugh Bﬁlsg'lg cdgpnr hame) @poﬁ&‘ﬂhﬁriaeﬁﬂm@&eddﬁnm hexeinoars caused
b , .
y Sl9td cHach&ﬁE&F BPER usAd B of ' @cﬁmg@i’&ﬂs %91“5 @fe gg‘#ég‘&neﬁ’% eoc

conventional wred nedia systens, I m ta a¥ai | abl e
systsenﬁc%%@rftﬁmrkha d@ﬁl@ﬁwormdwmqnywr@edmamm tynonf othess. Sy akwdrk because

th nt er,f t d,| a rapidl

v 8 efified hAGh o8 s3 o8 Vheal B 3B Bt Bt bivioRL i Rl EraloRrtedl rect 2

si grexfnplaapitipallfibet, teatidl eable wanixaifbethPaRrBeicdd Rrvistkd pay, aﬁﬂ%ﬁ&d&%ﬁt&?ﬁ Cat
mtation

net k. Cenerally, the convent i onal wi sdom for overcom ng t
& power - e., increase the voltage o e signal) a e
s ParHAE i the vol t f th 1) at th

transmi t (e pt@emmubxh Smglakri ﬁ%arh&”ﬁée"g&m%hﬁt@g?é't dodsS no?g'%aéfrettﬁ the noise

at the recei ver Wt hout booOsting the p ransm t

r ec &% Of Hgh Ieqneneie carges spneration hai‘devam;lcemei' mnmhiahen deriwaes] stibllizals, Thus,
t he e tens i s, still S|gn|t|cantly
iRy ot TR Bol ekt o8, Ch ReriR crmpIoyedyiny Ger Rk,

| ncrﬁeammg domeinaccmirhwari¢atioh apstunsit rrhefpreaenmﬁt@nbﬂ antfﬁcmh ghdret wor k,

whi X e conventi onal data signals transmtted through
theIbgﬂ g 0 f; ‘ga‘%%'ﬁp QW @&6 % Yited medier byjecanh be dnexpensinglyni r ed
med ldaplnﬁttdmﬂiout mdmﬁze bt tator] 19 1R HkiRg WitSd Hithia WShwbre! :
The present invention prov1des increased bandwidth by injecting; or othervnse super- -
imposing an ultra-wideband (UWB) signal into the existing data signal and subsequently '

recovers the UWB 51gnal at an end node, set-top box, subscriber gateway, or ‘other suitable .

location. Ultra-wideband, or impulse radio, employs pulses of electromagnetlc energy that are
emitted. at nanosecond or picosecond intervals (generally tens of picoseconds _-to a few
nanoseconds in .duration). For this reason, ultra-wideband is often caﬂed "impulsel.r.adi'o."
Because the excitation pulse is not a modulaied waveform, UWB has also been termed “carrier-
free” in that no apparent carrier frequency is evident in the radio frequency (RF) sp'ectrum That
1s, the UWB pulses are transmitted without modulation onto a sine wave carrier frequency, in
contrast with conventional radio frequency technology. U]tra~mdeband requires neither an
assigned frequency nor a power amphﬁer _ " B

Conventional radio frequency technology employs continuous sine waves that are
transmitted with data embedded in the modulation of the sine waves' mnpiitude or frequency. -
For example, a conventional cellular phone must operate at a particular freqnency band of a
particular width in the total frequency Spectmm. Specifically, in the United States, the Federal
Communications Commission has allocated cellulat phone communications in the 800 to 900
MHz b_and. 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.



~greater. functionality. Several nethods and techni ques have been proposed,
but they are. generally conputationally intense, hence costly. The present
i nvention may be enployed in any type of network that uses wired nedia, in

whol e, o do04403d0h- That is, a network may use both pﬁ':f,gghegﬁqgﬁs such as
coaxi al cable, and w reless' devices, such as satellites. As defined

herein, a network is a group of points or nodes connected by comrunication
pat hs. The communi cati on paths may be connected by wires, or they nmay be
wirel essly connected. A network as defined herein can interconnect with

ot her _ nelloutick sxansl 008 loahventeHM GNP hendy BRI iEMERLLNGCriEeel n can be
nce,

char%ﬁri zed i_n erns of a spatial dist exanpl e, .stch ‘as a | ocal
ar ea oo A RVITE %%é“?ﬂéfmqt‘b?fbl Abhpeptasal, trenswitskradip Mish)ency signads wial® ar ea

net WaHk cén\equatitP ¥ ‘ - fined herein can also be

char actgri zedq%y ’%ﬂ%/%gfoc%eqﬁ%r{eggﬁgd%%%g%i%ﬁechnoI ogy in use on it, for
exanpl e, Incagmst, PUWB pulse kay haret 1. S TzagRteNEtywRhly, it fReéndypRad Wwor k,

ano aﬁfn!a?{n’?atelfdi V\Dr%@as .d?gérbgd .herein can al so_be characterized by
whet Rer o1 L ICarT I eaky 87 downdn FIG. 7, which {lustraies twe typia HWB pulses. Fd6vdr k as

def i illesirates rtieit rthe amrdv e ahd ATWH A RE iR M W0 k, for
exanpl e % Fﬁu% I G switched tg{ephoﬁigﬁg}tl% K (E%%#S%qhgrﬁy@g\é@é of public
net wSPHEr the syead of tts dieguency spactromo ThistriBgauspEequssep BIfeteRSFopantdnabr k (such

as Vbithé Bme daiza6Hh ¢ ﬂféofﬂl oy ers. A.network as I ned herein
can alsqg be caharg(f:ter' zgeécr'j E%%@E@%ﬁ?Lﬁ@ggﬁuiseowﬂl?fageéé?m@c][.gmz’ for
exarfsrier fraqueney, -withpa dequenci spmad shiapmieichatty WoGHz, Arndes 306 pRIsdesEd0Or K,  and
an | . thers. A netwark as defined herein can al so
be ¢ Ear det es%lq]zI g%‘;c\tl)%g{ﬁhée?g%ggﬁﬁh‘%ﬁﬂ%%%m P fTRgIeneY spreadiof appipwingtely or
exarfpGHz. dihns, dZWBf pulees geadsllyi & ndtalpbte Witlkh Pbcil0Hdquedys s shaled yf W st ed

pai g anAﬁhbel de s;tﬂed pair, anong others. The gresent I nventi on

“enpl &93 - AR BEGanss P BUISG A rred agToss hedtemebewidedteqrangy irange WB use of

hi gleofiifiitaisysysiams kRsw SeRRTALHRA Qla\fegy\ﬁitgﬁ dath Fhtbd, ShcnR9Hb %Eelg%}ts rf:%rr dware,

stabilizers,
second or greater. -

Further details of UWB technology are disclosed in United States patent 3,728,632 (ih
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‘refeiréd to and incorporated herein in its entirety by this
‘reference,

Also, because the UWB pulse is spread across an extremely wide fréquency fan-ge, 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 ﬁ-equenc;y occupied by -‘
the pulse. At any single frequéncy, such as at the carrier frequency of a CATV provider, the
UWRB pulse power present is one nano-watt (for a ﬁequenéy band of IGHz). 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 lgss than -30 power decibels to -60 power decibels, which minimizes interference
with conventional radio frequencies. Hc;wever, UWB pulses transmitted through most wired

media will not interfere with wireless radio frequency transmissions. Therefore, the power

8



-frequency and phase discrimnation hardware or other devices enployed in
conventional frequency domai n comuni cation systens. The present invent
ion dramatically increases the bandw dth of conventional networks that

enpl oy Wd AckdesEya. but can lie inexpensively dep%.ﬁé‘ﬁﬂsz%s%@@é% extensive
nodi fication to the existing wired nedi a network. e present 1nvention
provi des increased bandwi dth by injecting; or otherw se super- inposing an
ul tra-wi deband (UWB) signal. into the existing data signal and subsequently
recovers the U\/\B signal at an end node, set-top box, subscriber gateway, or

ot he Sli %abl e cation. U tra-w deband, .or inpulse radio, enploys pulses
¢ fre@icaey) f N pulses tranpmitted thoagh waedwedio mwyaangmﬂms econd

|nt e@[buatl.gg(m@%@jtl_goggns of picoseconds, to a few nanoseconds in -

duration). For this reason, ultra- vvldeband is often called "inpulse radio.”

Because tHee ctanaple,a C@TVbsysbm generally empiu;dmmﬂlmmﬂmmswahﬁsgal so been

ter L e | are er frequency_ is evident in
thenar%gl l{:ﬂi %ueehc Hm RI‘—“J);e ?ﬁg}é’taﬂ ﬁ,)?']tuadg 31“8“ ?ﬁ{@ Efﬂ%"é‘?eéla@‘@ ansmitted
Wi t Mmusemuhmimﬂhe ailey dutds | Siee\Had Srafhisdie] erﬁﬁl@ﬁ’-b@tﬂ&yAM & QAANGASt Wi th
conventjonal radio tKmequency technol Of% U tra-w deband requites neither an
assﬁ@ﬁ?@lﬁ R EQEESCP thisrenyironsasng vithaw) inferferenceco v A i thm dita sigialoMKD dguency

chmelionit aunl ool A5, YURSADRbaR S0 LEABRALG L D 0o

enbedded in the nodul ation o e“sine waves ency. For
exanpl e, a conventi onal ar operate at a particular
frequency band of a partlylgf‘ya "ﬂm |§Hf e total frequency spectrum
Specifically, in the United States, the_ Federal Conmuni cati ons Conm ssi on
22?|%P'@mphtb@o%3°32%i‘$‘3’?2$@@ﬁ?§“‘%mz e P A plind M ey M 00

cel I"ufj&[er hisrpdlows muliipledata signalote bMSﬁznldfantdudyahm'md.aﬁﬂﬁe bsadfto

éiéﬁ%’?‘ﬁ@?ﬂ*ﬁ‘%‘ae@%ﬁ%ﬁ? Ui 5%%@%%@%@0%&%21 it ﬂiéfiéfi‘ﬁ%d nFG

1. resultant signal y(t) can be represented as:

¥(t) = Mc(f)Cos(w t) + Ms(z)Sin(o f)

However, as. discussed above, an VUWB system transmits. a narrow time domain pulse,
and the signgl power is gqnerally evenly spread over the entire bandwidth occupied by the signal.
At any instantaneous ﬁequem‘:y, such as at the AM or QAM carrier frequency, the UWB pulse
power present is one nano-watt (for a. frequency band of lGHz) ‘This is well within the noise-
floor of any w1red media system and therefore does not interfere w1t11 the demodulatlon and '

- recovery of the original AM or QAM data signals.

- Wired media communication systems suffer from performance limitations caused i)y_
signal interference, ambient noise:,'and spurious noise. These limitations.. affect the available '
bandwidth, distance, and carrying capacity of the wiré: media system. With wired',

- communication systems, the noise floor and- signal interference in the wired media rapidly
overcome the transmitted carrier signal. This noise on the wired media is a significant limitatibn
to the ability of the system to increase bandwidth. UWRB technology makes use c;f the noise floor
to transmit data, without interfering with the carrier signal. Moreover, UWB transmitted through

a wired mediuni has. distinct advantages over its use in a wireless environment. ‘In a wxred



+802.1 la, a wreless |local area network (LAN) protocol, transmts radio
frequency signals at a 5 GHz center frequency, wth a radi o frequency
spread of about 5 MHz. In contrast, a UWB pul se may have a 1.8 GHz center
frequen%mm,.;o@m@ frequency spread of approximtely f]lU%;ﬁ@:&mlfS% shown in
FIG 2, which illustrates two typical WB pul ses. %i | ustrates that
the narrower the UMB .pulse in tinme, the higher |ts center frequency and
the broader the spread of its frequency spectrum This is because
frequency is inversely proportional to the time duration of the pul se. A
600 | se will..have abo center frequency, wth
a fr%&&gﬁggﬁg g‘?@:%?e 21{3 éﬂ%%xmfrgmﬁﬂb%lﬁteﬁ%ﬁ@ea a@‘@)éheﬁ? B15SRE BEEmBMB pul se
wi | Irehaugtmdnnlut-usanﬁte@aﬁn@enter frequency, with a frequency spread of-

appr OXI Thus, ul ses generally do not operate within a
speci fi c gﬂ'@ﬁ@%‘%ﬂ ch¥IGH tmca?lmoe;upyﬁmmmus@nmmmom e spread
aCFOBl&s@Bh@ﬁﬁ&l&%f@irYan@édjﬁl J{ﬁ% FAGY phAAd BeeibtiFs o N SEHERI 58 5@2}‘{% gms al | ow

conmuni cati ons at-very second or

gr eaﬁi@@?ﬂ erfhwz RerCARY astt@l,mktew\Bpwdhucssommﬂeo Mﬂglme@m{z n SAkiad St ates
he na Ross, .and tltled Transm ssi on

t
gﬁd cept | on&égeng Inﬂre pign ]ée%g?'é ﬂéﬂjmg PUssHineathe_existine SARY i on.
Pul sigfr8ituuotales \Mhb:ieoUWIDlsighﬂé tdwﬁbtfﬁfeﬁa%o&t dERER- Badithe Pﬂé@@ncyc@dﬁﬂiﬁ" cation

Syst noi e d to and mcorporated hererin ni'ts entirety by
thi & éga}se}l\gpéﬁ%’éﬁ] %E" w&é‘&ﬂ%‘é %émaﬁimﬂwntswfslpfmdh%mbsilgm extrenel y
W denéméfpus Atined@mint he power sanpled at a single, or specific frequency
is very |ow For exanple, a UMB one-watt signal of one nano-second

duration %rlﬁ%ﬁt INentencpTowifes oy appardivs aml memoﬂ rtequsble ynp ediedi medipy the
pul Sftw n arrl er frequency of a CATV
provid e@k t@ﬁ'yegﬁéﬁs\% e% di L*[s‘%g%%m‘ﬁ&ﬂ'?‘e ?1?@ Bal\b&’f“!m@&’d? obfained quency
bandydhtradueing, UWBI sigrials inte ke emishhg fata &hﬁnﬂ&h&&h&h%ﬁr &f bradiéastbadngedi a
systﬁ%srpm%nge},hoéj fore cg aﬁ?‘ I.n rfere wi th the denodul ation and recovery
of tHRe g RgTas iﬁf\él@" gﬁ gwn dp é@%l $ yud tdn gherfagadiepd imaayt ipclode EMqubuI ses are

components, such as the antenna farm 15, the satellite receivers 20, the channel modulator 25,

the combiner 30, and the fiber optlc transmitter/receiver 35. Alternatively, UWB mgna]s may be .

introduced into the wired media network at other locations, such as at the Internet router 90 or at

the host digital termingl 80, or at any other suitable location.

In like fashion, cable system operators can receive more data from individual subscribers
by introducing subscriber-generated data into existing upstream channels, The present inverition
provides UWB communication acrosé 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 anid recewe .

' d1g1ta1 information for the purposes of ielephony, high-speed data, video dlstnbutmn, V1deo
conferencing, wireless base Operatmns and other similar purposes. o
Referring to FIG. 3, the wired ultra-wideband communication system 10 is configured to
- transmit ulira-wideband signals over an existing network or system that inéludés 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 hyﬁﬁd 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.

10



transmtted at relatively | ow power (when sanpled at a single, or specific
frequency), for exanple, at less than -30 power decibels to -60 power
deci bel s, which mnimzes interference wth conventional radio

frequenw@ﬁmﬁéﬂnger UWB pul ses transmtted through. ’ffﬁéfoom]l?] £d nedia wll
not interfere wmth wireless radi o frequency transm sSions erefore, the

power 8 WD 2004/ 002001 PCT/ US2003/015355 (sanpled at a single frequency)
of UMB pul ses transmtted though wired nedia rmay range from about +30 dB
to about -90 dB. For exanple; a CATV systemgenerally enploys a coaxi al

cable th mts anal og data on a frequency carrier. Cenerally,
Canplit udzsf%‘“d’a?o; ? i5d CRAR commbuisation sygiemd) is dhstrated ih FIGr t3r ansm t

the &mah Chatna i.ther AM

si gnal s tgjglr? coei? gc@ﬁgs mﬁn gfdgﬁ\@/ﬁ%%&%ﬂﬁhﬁﬁ?% 0% 2?‘1}06? éarﬁ%ét IH’ AM the
dat $hewahalAdditionali %atf; may thieplecedeedvibyt temstaﬂbea’bﬁssat(nd;\bl@esp ahd ggrt&crfrésgﬁ;llelncy -g&(l\a/l
res t e Lepresen t s(coOt n a

bas L“é&%%tsgbnlg%ua cl\ﬁp & &FF E}]ﬁﬁ?lgg &F‘é‘g{?o&n%eﬁil‘fet @Q%SS{ H&edaigdS carri er

f r edhemfoywarded to @b s@telniteelreemer@b@m denhBdudat@tHe Q¥ MY §eFBJaﬁa oavﬁeg“a' s to
be si E\ﬁ? aneousl led. In the case of two carrie ase" and

"qudh Sé“earB%lr OE%PNOB&% fowarded, tosthg ﬁhﬂI@eMQdu)latem&SI\th(ttr)aceﬁﬁihe

. Eﬁl a
e J>%os<s%"i"b§‘¥f*§%‘?’§?’2§‘m§ P Al ool b oL A T syst em
t r arﬁﬁ%‘?@}’ ﬁlidrf@ﬂgm p slgtietomumtier (rutls es 2 tos@M) t}tah eachipgdEtdm MAIMBE récsive€ner al |y

everlnbyviibRagver the entire bandwi dth occupied by the, signal. At any
|nstanty%neouisEl r'?requenc_y, such as at the AMor QAM carrier frequency, the

WB pul s&he pmme BF esipmaks atesthanforwaded wad donftifr 30 thed CEANRBCHhe Qﬁﬁﬁ}:@f 1G1iz) .
Thi S gls\éxga %Wlthl n . the noise floor of any wired nedia system
0

t her Snglg oufnnt. o Thatis, the cambiner 3@ AvaiyPatticanogma sigabofremythef t he
ori g:hmai_el Atialatof N At bt Meth onto a single coax cable and forwards the signal to

the fiber optic transmitter/recciver 35. The above-described arrangement and function of
channel modulators 25 and combiners 30' may vary with each type of wired media network.

' Additional audio, video, or other &ata signals received from either the anterma farm 15 ‘or
ﬁom tetrestrial 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 mulhphclty 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/decher, 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
include error control, and data compression fanctions. The analog coder/decoder may include an
analog to digi;al conversion function and vice versa. The data access management device (;r
devices may include various interface functions for interfacing to wired media such as phone
lines and coaxial cables. 1
-The digitﬂ signal processor in the service provider ultra-wideband (UWB) device 40
modulates the audio, video, or other data signals received from the satellite recejver 20 into a
multiplicity of UWB electromagnetic ‘pulses, and may alse demodulate UWB pulses received

from the subscriber. As deﬁned herein, modulation is the specific technigue nsed to encode the
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- Wred nedia conmuni cation systens suffer fromperformance |imtations
caused by signal interference, anbient noise, and spurious noise. These

limtations. affect the avail able bandw dth, distance, and carrying
capaci t ywPfoodddSooyM r € nMedi a system Wth wi red COMpAR} fédob sy st ens, the
noi se floor and signal interference in the wired medra rapi ? over cone
the transmtted carrier signal. This noise on the wired nedia is a
significant limtation to the ability of the systemto increase bandw dth.
UVB t echnol ogy makes use of the noise floor to transmt data, w thout

e carrier_signal . Nbreaover, UWB transmtted through a

terf
:Mnl’ 2"5? te?reléﬂ &g\'@a H%Wﬁfeta mplfipheitnelsUWRepulsess Fos examply, the digitaksignal
envigronesr tmay ﬁéﬂu?até"’ttfcei@cew%dvﬂd%o Qﬁt{)go&?tﬁl%ee tﬁ% %ﬁ%ﬁe)so é%{ﬁﬁ%ﬂw ¥E ronment

there are no’concerns with 1 ntersy re no
condéWispulses dhat triay avoa duration deemaj minge betweer sbouF6rl masvpbmi,s t&CAbovt channel s

t I h

o DBt RER and e ottt B ARy WY nerr s SR L8 PR 0Mr L and
depqsmnﬂeoﬁmstthesw%rwabemasmehm AdFO8Bdhe trabsnBibte Mblfpench?0 Mz, 870 Mz, 1
GHz and ,@Q%mme resent i nvention is capable of injécting UMB pul ses

into the tioy A gsmiftad power mAk ey, seBersdingon sevgnl Welors. nt er f er e
t
or dS@feRAf nfodhRtibd Echiighide o?IQi?HvTL ey GWE ?J(J)n Vt\%ﬁgﬂé ﬁlﬂ‘g@r% yand Gret VB

signal s -can carry vast amounts o aning in the
t i mdevRbiralle, prqsmt ipyention envisiommseivernl tpffmtde@nmeaqup’amalhués rickhsmmit mod t o

enahl etwork to.a t th i’l abl e, bandw dt h.

Pr eferagﬂé]a\jmaﬁl gg'géeﬁl éﬁm béﬁﬁ Hg?egp(%ata ﬁéaam » PS5 POPHE v

si grmabduldtioh dhdt hanwmhsum@ ontie tranSRBsbe OF G TWE Pulbés. 00né exaplipgicast . from
t he st em O%{P&}%aﬁlons head-end. As shown in FIGS. 3 and 4, the head- end

may HHREIRASHOY DSieoMaY: ansalf, approximptely 1000 pwlses gensepond. (Fis sat el i t e
I eC &vitensSn fiber
opt ?g tran%%tter recﬂ?ﬁﬂeurlgw(i% tggeefﬁgts |eve3'h€‘?r 11@9%02%3@;@%%&@%

specific digital bit, such as a "0" or a "1". In this fashion a large amount of data- may be
transmitted across a wired medium. Alternatively, the UWB signal may be transmitted ina
fashion similar to that described in U.S." Patent Application entitled, "ENCODING AND -
DECODING ULTRA-WIDEBAND ]NFQRMATION," Serial No. 09/802,590 (in- the name of
John H. Santhoff and Rodolfo T. Arrieta), which is referred to and incorporated herein ‘in its
entirety by this reference, ' o

An alternative modulatlon techmque may use pulse amplitude modulation to transmit the
UWSB signal across a wired medium. Pulse amplitude modulation employs pulses of different
amphtude to transmit data. Pulses of different’ amphtude may be a551gned dafferent dlgltal .
representattons of "0" or "1.". Other envisioned modulation techmques include On-Off Keying
that encodes data bits as pulse (1) or no ptzlse (0), and Binary Phase-Shift Keying (BPSK), or bi-
phase modulation. BPSK modulates the phase of the signal (0 degrees or 180 degrées), instead-
of modulating the position. Spectral Keying, which is neither a PPM ner PAM ntmdulation
technique may also be employed. It w111 be appreciated that other modulation techmques,-
currently existing or yet to be conceived, may also be employed.

A preferred modulation techmque will optimize s1gna1 coexistence and pulse rehabxllty
by 'cox_ltrollmg 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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introduced into the wired nedia network at other |ocations, such as at the
Internet router 90 or at the host digital term nal 80, or at any other

suitable location. In like fashion, cable system operators can receive nore

data frqupdoBfoydogual subscribers by introducing subsgriResi e Sger ated data
Into existing upstream channels. The present invention provides UWB

communi cation across fiber optic and coaxial cable, twisted pair wres, or
any other type of conductive wire. Awred nmedia network will be able to
bot h transnit and receive digital information for the purposes of

vi deo conf erencing,

tel e e gh ed.da videq distribution,
Wi reﬁ‘&g% [FELEE o ‘b%@igﬁ&a%%‘é}an%q%H'awe\mrm&;@yseu%mﬂ@mmme FIG 3,
t he giffictlies bﬁdoanwdaabmné TREIPREI pAhd §¥o?{1 éQ bﬁb&u‘i@éﬁtq}‘f@g {; 2| L{jggsm t

ul tra-w deband signals over an existl or 'sys
wi r edneny PRE madplati i@éﬁﬁhnmuemWIWIud;da UWB@ulse abﬂbausph ihbMBEh¥S teprel 0 may

t t t el t k
congtibtey HP SHIARLS BY Bler etk b G T WG Sa s ey 39 o
ant edffeauate| UWB pulse emtebapelshaping b rtheladditRmat Ma%&bﬁéﬁnﬁbﬁiﬁ ﬁfet%ekl a CP 1P

I-nt e I Vi der etvvork a PSTN net wor
netvx#?%alg S%{%?ft&gé aﬁt@% city, or any other type of network as

defined Heoarsladviii e@@ﬁkﬂvﬁen\ﬁaﬁﬁﬁ : ' [ Lo kg VWO
2004/ 002001 PCTI US2003/ 018358 ~Gne g‘}@%’%.r’r‘rﬂe%%m‘gﬁx’ﬁf%n%e osed

rasitEe YW erissnthrench a wiselesstroetinm. FWViBele& UWB anteiisstors asus 15
Eﬁﬁi;’)“ﬁae/i?“ﬁ et G0 APl (80 0 M reni R i s
and letl@rqaeswereiy limit the bﬂxbmﬁbuf UWSB trisitiosiths ASORE hicaRAGSkctidet POI Nt
e PR O0 AREI FEMbANFERLEARD, wRbRofth e S o bigh it dositiss gwaret. and dat a
: Léﬁ?ieﬁg't;gﬁéﬁgmﬁ T AR L T S

d ngﬁdgeh additipn; no multipath issues arise and there are no propagation
delay problems present in a wired medium. Therefore, it is estimated that an ulira-wideband
system may be able to transmit data across a wired medivm i in a range from 100 Mbit/second to 1

-Gblt/second This data rate will ensure that the bandwidth requirements of any service provider
_can be met.

A preferred embodiment of the s.ervice—provide;r UWB device 40 will spread the signal
encrgy of the UWB data stream across the a bandwidth that may ranger from 50 MHz io
: approxima_tely 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

_frequengy band, firther ensuring coexistence with conventional RF cartier 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 tor
match the available frequency of the specific network. For a 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 a conventional CATV or HFCS network located in the United States
typically utilizes a maxnnum frequency of approximately 870 MHz, but has the capacity to
utilize up to 1 GHz, This bandwidth aflows for a 1 to 2 natio-second pulse duration. A narrow
pulse width is preferred because more: pulses can be fransmitted 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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-frequency (RF) and assign a station nunber (such as 2 to 99) that each
programwi || be received on by subscribers. The nultiple RF signhals are
then forwarded to a conbiner 30 that conbines the nultiple signals into a
single at is, the conbiner 30 receives th kgnal s from
t he chgﬁ%gwhﬁ%ﬁﬁlators 25 and conbi nes them onto aggﬁﬁgﬂgﬁ@ggi cabl e and
forwards the signal to the fiber optic transmtter/receiver 35. The
above-descri bed arrangenent and function of channel nodul ators 25 and
conbiners 30 may vary with each type of wired nedia network. Additiona

audi @il , rde sigpals received fr. ei ther the antenna farm
15 orglgltflz?gﬁ?tté@{rsglg%s{r@hlr&%é%rnc s}‘ﬁt@ﬁnékonf iabgke &B%C ch%_ﬁ%cecé%l es can
be r Generally, anidenlizedgatselwitthavould Rcalcuiited8hséDor H@ ﬁ‘aﬁﬁé&%ﬁ‘e’ﬁ&ﬁé’bﬁ%

ul tra-w.deband (JMWB) device 40. The service provider devi ce ‘40
convdl® ct“ﬂﬁegiﬁ%ii’%‘f%t\?mdeo, or other data signals received fromthe-

sat el | i t eREEREUEFIGD, theYaRtiflich 'oﬁga%ebﬁ% t’n@e QH\.,‘%@ ai%?eﬁ{ S ”%tg.ig&e-p”' Ses.

The seryvice provider ultra-w deba / I'ce may 1 nc Sever al
conpBieEides cfayifendl e dleeneondiihazr30, dityih abmbings alie: IWE @alses witntheanal og

code r : r V| or_data. access managenent, and
assogérgt@lggﬁgab ?ér%igerosg I é&ggﬁeghﬁlﬁi%gcc?wgﬁ@e%it If)fodi??ﬂgf"wetc?ﬁ'y‘ﬂﬂdeband
( UBjhe drenveptionkd) Rivgariiercligtells t6 anstand@rd cdkkial §pflitikh © & sebANARE BdrSyingOfhBeT

qui val ents. _The controller may ~ I ncl ude

t t hei
gre?gr coﬁ‘fl%gﬁ?ag%%’“ﬁ&@g‘g %ﬁﬁeﬂ#‘%{‘g‘?%ﬁl pdigter. ofhe combined pighalejare derward¢dcoder may
i ncl tocke fiber optidata@Smit@r/fbe8idrals, CIRRVIYeP b Hﬂ:gg'%tité?ﬁec@ﬁgr ¥4 &ﬁ;ﬂvér?% }g@]é The data

acce@g r@n. enent_‘devi ce or devices nay Inc e various I ) _

f unclp JRYHPLsALY; of R g eed Wier ecmvensivingl BB ctaris signelserecdivaiegomnitie coaxi al
cabl ggabiddh803LE Walpat : -0t he servi.ce provider ultra-w deband
(UVB) - devi_c.eqi&% éﬁé)%%?at e (&ﬁgﬁ? | ('),ﬂ\i'/ef a%nbﬁa ggnadtgﬁxéératararfaa GWET & recei ved
f r onfightremiting iode,csolid statevleser Aidde, ir otirr suittble ddvice] e @ptiddV Bl §6tHeRMINEL i C

ho. crraES o MR Blg GEE: 1ooteentih abgRERacts. piskie decoutvesencode | he
11 colleges or other locations for distribution to subscribers and customers. Other metﬁods and
techniqlies for combining a UWB pulse stream and a conventional RF carrier sigﬁai stream m‘;ﬁy . |
also be employec_l. For example, the UWB pulse stream my be sent diiect]y to the fiber optic
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 loc.atidns‘
described above. The optical signals are received by. the multiplexer 45 and are converted back
to the combined conventjonal RF carrier and UWB pulsed signals. . The coﬁlbinéd signals are
forwarded to a subscriber UWB device 50. The subscriber UWB device 50 can be conisidered a

~ gateway or router that provides access to the combined signals, | _ | -

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 seﬁice provider UWB -
device 40. In this manner, additional bandwidth will be available to the wired media network fo
provide the additional data and functionality demanded i)y the customer. '

An alternative embodiment of the present inv_éntion. is illustrated in FIG. 4. A full service

wired UWB communication system 70 is structured to allow for extreme}y.high data rate
transmission of video,_telephone, internet and audio signals.
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- WO 2004/ 002001 PCT/ US2003/ 018355 audi o, video, or other data into a
multiplicity of UMB pul ses. For exanple, the digital signal .processor nmay
nodul ate the received .audio, video, or other data signals into a

mul ti pl {35 dovasboor UVB pul ses that may have a duratio ange bet ween
about 0.1 nanoseconds to about 100 nanoseconds, an fn@%‘ﬂ?@ﬂsgnsmned at

relatively | ow power, for exanple, at less than -30 power decibels to -60
power decibels, as nmeasured across the transmtted frequency. The UWB pul se
duration and transmtted power may vary, depending on several factors.

Di fferen?hgor%gﬂl ation techni ques enploy different UAB pul se tim ng,
duration ENaHe UhE] gpih Theecgives awtio, videmandotata inforsiation fosvenal =
di f fatephd FRCTGANGS @RHTELIRIS sl o rl"l%@xs{;ﬂstfec o%{ﬁmx%aﬁ&% {Igikesg%g i% a W red

medi um One enbodi nent, may ftor exanple, Se posl ation
t hatarg fprwaied petheisatcHite wfeivane20 andesonitzgi aboveotiit ReferthdB tp teswded OWER exanpl e

of 115119“1!’1 L L] l.ation tem transmt approximately 10, 000
pul 2(;85 perﬁgglg%ﬁs%ﬁﬂ j?(ﬂi g‘%gg'?g‘f’é}ﬁnﬁé\ﬁ% %HWW@%&%&WP&BE @65302593

pi cdyechostidigitalrttyning 800 The hesd SRAMNEinALE) thotubiSHnfiipR vo§9§@h§1'h gltg.i gi tal
bit, such as a "0" or a "1". In this fashion a |arge anount "o ata may be
t r aft@RTYAYpsieamyand ‘fpvwsﬁr@al R gignals. Ehe eoipratignaly fom fHecoshiBigitil geradiinalmy be

t r argprard foeWarded @ thé fS0k =1 IKEB : t described in U S. ' Patent
Application_ entitled; é)%ONC&?I ,&%cg %ECODI NG ULTRA- W DEBAND | NFORMATI ON, "

Serial Né\n ipergd zesd@ grovideHs foawerdofinterhethdatdito Saritfenfef ramg Rodohéo T.
Arris ' | rged to a lAcorporated hefoin.ipn itfs eéntirety by
oot ‘el}%%g 26 gli{??’riég{ ickels Uk aﬁm/@tﬂaﬁﬁ?% iﬂ&i@%%f{]@é{%ﬁﬁfglée anpl i t ude

nmod prestidey W WB devised®i t the UWB signal across a wired nedium Pul se

anpl i t ude, nodul ati on eg&%é)ys .pul ses of: different anplitude.to transmt
data. PullBEETEC grovider dewien 40 wednistes the interaetidgiacthe delepheny data dind)i t al

ook ke o Ol o G T oV RSIBIEN, LSRG REIRL LSS ()
and 9giorked ahsygsamd Sprwardsites pulgs taheKymbiaer H). - Thelambinanehuibines dire URASK
Mo d RS With e PORRfridH ﬁﬁ%m?iielg Eigﬁalé Ond BHESE 12 const Cl)ne%esgéneaf?() ﬂlei o ead
ol'l)t.ic transmitter/receiver 35. The signais are then converted info an optical signal by eithel-' a
- light emiﬁjng diode, ‘solid state laser diode, or other suitable device. The optical signal is then
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
'th_e 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
dqmodglates the multiplicity of UWB electromagnetic. pulses info 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 di'stribute data to computers, network servers, digital or subscription teievisions,

interactive media devices such as set-top boxes and telephone swiiching equipment.
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. of modul ating the position. Spectral Keying, which is neither a PPM nor PAM
nodul ation technique may al so be enployed. It wll be appreciated that

ot her nodul ation techniques, currently existing or yet to be conceived,

may al sw&ﬁ,oggﬂg‘;ﬂgyed A pr ef erred nodul ation techni AEEuWMobd @Rk M ze si gnal
coexi stence and pulse reliability by controlling transmssion power, pulse
envel ope shape and Pul se Recurrent Frequencies (PRF). Both pseudo-random
and fixed PRFs may be used, with the know edge that a fixed PRF nmay create
a "carrier-like frequency," which it and its higher order harnonics may

I nterfere,w 004/ 002001 P S2003/ 018355 the data carried in
convent i §rr]11al éugﬁcr%glfw é? 315 Coﬁﬁtg't‘rﬁdé"p 5. BIR amlerrE t he
d| f fw:mlé$lye$o PRI b tidvs, tdﬁd&)tﬁdr B Po%n@fo?e%ﬂ% ¥t d8Gvisiole

techni gue nmdy I'nclude a UMB

}25&? seudo- random PRF nodul ati o

puI Ve EeSt'wétoﬂ}eé deviegse dor éxspralde I&WBl deme éacmayanpladsﬁm@eemarjm gh

f r e aBRENerSOIRANA t atur t enuat

pul setﬁi%_nveel ]gge iﬁ?ﬁ)%ﬁgﬁ%gw g ﬁ g%%ﬁ% %#oyp(ggﬂh? ?ﬁcf’qsr’i‘b t he
powdnterfaces gechtas d’éMﬁ:EyIISB Eﬁmrﬂat ,ABER13% odﬁfﬁit&fd e sihdan@y er al

advant ageﬁe lsad ﬁ? t U%Qﬁ ?gs througr? wired nedia as
opposed rans] ePF? S‘h%’g?' ?&Jgﬁﬁaﬁsmﬂqﬂ ‘Spstrgapy) towprdvibe e ess UVB

t rarmsmc&sprondermﬁdr & 8| & ednverGdhal E@H&ﬁ roaly nce (13l)
and I t]ﬁé | nt ef?gl?[ence n%)Q/IUI ), o%fﬁF%Tn%ﬁno?%n se\?gr@gﬁﬁgnﬁegn t the

ban UpstEeARqirafl e %&?élmmdgf&plpmenteuwmqmwy mn;ludte as Pul se
Ampl | it t
D ki MR with S &F&‘%"‘c‘a%‘?%éﬁ&é?é R8Pt dmstee ek abb WS UoL ' G
not Pal5pes §p asaot ipBntordérs with upstaﬂasrnraiﬁedThnseﬁltm nleslsereliha puipd s@adhﬁlinﬁgi, no

| h del b r nt
o poRif e S lob i GGy trafoid e TubaadBar bATE aoeh ?¥ap5m°de32ﬁdp =>°

system r’rmltlamaabd embadlithém 6f1tte hodeht ARVERRD BayVril tgﬁﬁjwlﬂlk e from
100 it/ dto.l it/second. This data rate wll esuretht t he

ban &en rS P irfss Beperdine Jwopithe prvisier, didhether they be a logal or long

distance ‘carrier, an UWB transmltter/recelver cari be located in a regional center, sect:lonal

center, primary center, toll center, end—ofﬁce or their equivalents.

The present invention of transm:ttmg ultra-wideband signals across a wired medium' aan
employ any type of wired media. For example, the wired media can include optical ﬁber nbbon
fiber optlc cable, smgle mode fiber optic cable, multi-mode fiber optic cable, plenum w:re, PVC
wire, and coaxial cable. _ : . -

In addition, the wired media can inclnde twisted-pair wiring, whether shielded or’
unshielded. Twisted-pair wire may consist of "pairs" of color-coded wires. Comr;ldn sizes of
twisted-pair wire are 2 pair, 3 pair, 4 pair, 25 pair, 50 pair and 100 pair. Twisted-pair wire ia
commonly us_ed‘lfor telephone and coinputer networks, It comes in raﬁngs 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 wmng for voice and data networks. The foregomg list of
wired media is meant to be exemplary, and not exclusive.

As described above, the present invention can prowde additional bandwidth to enable the
transmission of large amounts of data over an existing wired media network, whether the wired

media network is‘a Il_aternet service provider, cable television provider, or a computer network
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.can be nmet. A preferred enbodi nent of the service-provider UNB device 40
w Il spread the signal energy of the UAB data stream across the a
bandwi dt h that may ranger from50 MHz to approxinmately 870 MHz or as

di scussegeh ARPMSwt 0 1 Gz, or higher. This will enspfgf:m%ﬁ@m Qgg si gnal
energy present at any frequency is significantly below the A& el noi se
floor for that frequency band, further ensuring coexistence with
conventional RF carrier data. For exanple, a UWB pul se woul d have a
duration of about 1 nano-second in a UMB data streamthat has a 1 Gz

bandw . . at i.vel t.,he [ se, duration would be tailored to
mat gwb%%%madyé% ]ﬁé% I&e u?’?’%ré@é nﬁ}f’ #\F/i\’%PE?j b?&ﬁé‘@i“hicén ARAeRTSUmETS o eeadwerthie or - HFCS
net viigh speod att@getiatcesd, terebtiveSieStand Sther BlhurotBAt thh) Be e,lggﬁd,-)@ul d general ly

he about .5 tq 2 nano-seconds in. duration. This is because a
convent i > BATVEGr thak@s anpesaby kandovethest fomtradseitting tand rSteiting ulitaypi cal | y

ut i | yyaeBand i r.e 0f . it el y 870 .Mz, hut has the capacity
to util i-zgf%ﬁhgﬂg&gh Gﬁ—gﬂ %%%18%5%%%@?‘?1%3ISgi”segf%'}heémlmﬂ@mmﬁaﬁﬁhaéecond

pul sthe prese inyention cambe peactiqed by ethei thaithie abqeafcsdribed eRB6AMSRs, Wi AL ses can
be t It i di screte anount of .tine. Pulse widths of up to 2
nano‘irg%gﬁé‘g %9&6@%%@59’8@% %dg‘r‘s&ﬁ?fé’em}iﬂl%@f ilmitagien.t Thet deswingout 13 WO
2004:00280:pleP G 4338 (18 I8 15536 fcaridh Gl 14BELRR kAR BhS NP Rore! SERALA O and
refor thI’l't tft he WB subscriber device 50. Geherally, an eal'i zed pul se
Wi dtqﬁn%ﬂﬁl@ L tha Rresent Wyeian  ho ppecifieation end drawyngs et émeritd toHémit speci f i ¢
V\,ireiﬂeagﬂﬁsaong%,sgc i he. ltiplicity of generated UNB
pul ses are sent ?éeo%f?]fﬁs:ﬁ%ég?\gfélgnéﬁt%d\# géstg %éﬁ%t%ﬁﬁg?vﬁ'qeg@bﬁ nbi ner
30, Sithodmeninpilhédl witbinuWg liverhlssl/oni legal stupe omhueammnglclaﬁﬁs,p@arm@r'

T Petnt RO T BB PR g kol 1on” Wianteh ok saiapiplta or. A |

sechepaieuarcmbodinmugtsidieussbNh (his toRsipich MyFadiel Mleitlvdnof Bowat andar d
coaxial splitter. The conbined signals aré forwarded i
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to the fiber optic transmtter/receiver 35. The fiber optic
transmtter/receiver 35 converts both the multiplicity of UWB pul ses , and
the conventional RF carrier signals received fromthe conbiner 30 into a
correspondi ng optical signal. The opti ddlAB§nal generator, can be either a
light-emtting diode, solid state |aser diode, or other suitable device.
The optical swghel IS SLAMRIED I8:stri buted on fiber optic cables to

resi dential nei ghborhoods, business districts, universities, colleges or

other |ocati onad ﬂfra%ﬁéﬂah@‘ébfnﬁﬁnﬁd&ﬁ%ﬂ@?s@ém l@&.r aswﬁ'&fim%ﬂ'ﬁl}rp'ggﬂhﬁnm her
met hods and techniques for combining a UAB pul se stream and a conventi onal

RF carrier signal st exa the ul se
stream ny be gent |¢I§% 1@%%58d?f%§9?13§er Llr %tfarnglﬁ% %Webgn‘é/g%@p
which will then c ine the. two sSi S. Sho in F| G 3 a.fiber

mul ti pl exer %@@gﬁﬁ%ﬁ e%@ﬁ@%%téaﬁa eawweﬁg% regtfhan gradiq Bravengubeingped

above. The optlcal signals are received by the nultiplexer 45 and are
convert ed badred totrangariichrait-wad-vadehandtsignabthrayehdhe wired medivmaadpul sed
signals.. The conbined signals are forwarded to a subscriber UAB device
50. The subscri beraniMBa-uddéband Bevansthenredsi uéeeiedtlmultgamé&mynd)signﬂut er

t hat provides access to the conbi ned signals. One enbodi nent of the
subscri ber U & wedbeiuld. denodul ate the nultiplicity of UWB

el ectromagneti c pul ses back into a conventional RF carrier signal. The
subscri ber UWB device 50 may include all, sonme or .additional conponents
found in the service provider UAB device 40. In this manner addi ti onal

bandwi dt h wi vai lable to the red ned net wor, k provid
addi ti onal %ﬁsa@ B by YR b oees e U TR ve
enbodi rrent of present | nvent| Qn i;s illustrated in FIG 4. A full
service é WW%P?W@WW?O is structured to allow, for
extrenely h| gh data rate transm ssion of video, tel ephone, internet and
audi o signals. 14 WD 2004/ 002001 PCT/ US2003/018355 The full service UAB
system 70 receives audi o, video and data information from an
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 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 and a power that can range
between about +30 power decibels to about —60 power decibels, as measured at a

single frequency.

5. The ultra-wideband communication system of claim 1, wherein the ultra-wideband
. transmitter comprises an ultra-wideband pulse modulator that is structured to transmit

a multiplicity of ultra-wideband signals.
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antenna farm 15 or fromterrestrial sources such as fiber optic or coaxi al
cabl es. These signals are forwarded to the satellite receivers 20 as
descri bed above with reference to the wired UAB conmuni cati on system 10.
In addition, signals froma public tel ephone network. 75 are received by a
host digital termnal 80. The host digital terminal 80 nodulates multiple
voi ce si gnal s6.iTheltra-ividebuay camsiuhanorbsidtcdovngiiie Wikkeis kigndtra-widéiRnyd oi ce
signals fromthe host digital termnal 80 are forwarded to the service
provi der UVWB device 40. An internet service provider 85 forwards internet
data to the internet router 90. The internet router 90 generates packets,
such as TCP/ I P packets, which are forwarded to the service provider UAB
devi ce 40. The service provider tJWB device 40 nodul ates the intenet data,
the tel ephony data and the data received fromthe satellite receivers 20
into a nultiplicity of electromagnetic pul ses, as described above, and
forwards the pulses to the conbiner 30. The conbi ner conbi nes the UNB
pul ses with the conventional RF carrier signals and forwards the conbi ned
signal to the fiber optic transmtter/receiver 35. The signals are then
converted into an optical signal by either a light emtting diode,"solid
state | aser diode, or other suitable device. The optical, signal is then
distributed to the fiber nultiplexer node 45 | ocated w thin business
districts, residential neighborhoods, universities, colleges and ot her
areas. The fiber nultiplexer node 45 receives the fiber optic signal and
converts them back to the conbined conventional RF carrier and UAB pul sed
~signals. The conbined signals are, forwarded to a subscriber UWB device
50. The subscriber UAB device 50 can be considered a gateway or router
t hat provides access to the conbi ned signals. The subscriber UAB device 50
denodul ates the nmultiplicity of UWB el ectronagnetic. pulses into RF signals
an d forwards the . RF signals to appropriate |ocations such as
tel evi si ons, personal conputers or tel ephones: Alternative enbodi nent
subscri ber 1 M devices 50 nmay be | ocated. adjacent to tel evisions sets
simlar to a set-top box and used to transmt on-demand novies, intenet
access or pay-per-view

18a



prograns. Yet another enbodi nent of the present invention may include a UNAB
device 50 that nmy be located within a television set, or conputer. The
UWB device 50 is constructed to convert and distribute data to conputers,
net wor k ser versgivdi giniaisepan slitaseideharidgultealemoidalatorshat is sttuetwed forecaiedi a
devi ces such as set-top boxes and tel ephone sw tching equipnent. 15 WO
2004/ 002001 RGhOMSECRBOOIGIVddMRdSURER! | ber UVWB device 50 may al so be
configured to transmt UWB pulses wrelessly to provide audio, video, and
ot her data content to personal conputers, televisions; PDAs, tel ephones
and ot her devices. For exanple, UWB device 50 may include the necessary
conponents t 1§ celi ve. Qr. co ntipnal RF.carrier signals
to .provide 27(55:[21%5 é&laf%ﬁgne&r ‘%eoacegnlgrttll{a\:/%l Sej{'gteglcfqu{:? |W2§eri%|§‘?e ‘Etr%(g?lﬁilp,%
| EEE1394, or .other jpterface standards. The present invention wll also
al | ow for datlés‘gﬁc“ffleg?‘i“%ﬁﬂﬁ fenpisting awgptieRl s akb%afﬂ@rvp%qabiﬁ 8vi der .
For exanple, a conventional CATV or HFCS network reserves frequencies
bel ow 50 Mz sule mode fibementicatbleca molemadd ddtcnentic able; hbvisted peintwirenoent i on
may include a band-pass filter with stop-bands above 1 GHz, and bel ow 50
MHz to ensur emsbickled&visted pafr WB a phedusesirgpa B¥ Cnnire, taccolaxitabedbéy, @andviri h
upstreamtraffic. These filters also serve the purpose of |imting
potential i ntedctrimiylcahdiivenfilt@all on that. could be introduced by the UB
pul ses.. Alternative enbodi nents of the present invention may transmts UV\B
pul ses. through traditional tel ephone wres. Dependi ng upon the provider,
whet her they be a |local or long distance 'carrier, an U\B

| ocated in a regi secti

transmtter/r iver ¢ be al center, nal,.
center, primiry ig ey ehid ConuppRiFatal ystsr SlAimol: Wheiip HEUFOLPENIE. The
present inventiogn of transmtting ultra-w deband signals across a
wi r ed- medi umig sglectedispmye gAY egsEstiae ofiarawentiar.an qbicalaeiwenkea catle wi r ed
medi a can include optical fiber ribbon, fiber optic cable, single node
fiber optic delbvisionmegtwark ncenminbicy atpiriadeleaision, neph akuacommeanitPuCessm r e,
and coaxi al cable.

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 private network.

- 9. The ultra-wideband communication system of claim 1, wherein 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.

10. The ultra-wideband communication system of claim 1, whetiein the ultra-
wideband signal comprises a multiplicity of pulse quadrature amplitude modulated
signals.

11. The ultra-wideband communication system of claim 1, wherein the ultra-

wideband signal comprises a multiplicity of pulse position modulated signals.
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In addition, the wired nmedia can include tw sted-pair wring, whether

shi el ded or unshielded. Twi sted-pair wire nay consist of "pairs" of

col or-coded wires. Conmon sizes of twisted-pair wire are 2 pair, 3 pair, 4
pair, 25 pair, :50 pair. and 100 pair. Twisted-pair wire is comonly used
for tel ephone and conputer networks. It conmes in ratings ranging from
category 1 tI12. Qatega-widebadd\bahraonipaion sWetehi ¢ cMifiol , ivcheadi@tcaltrs

unshi el ded. That is, the wiring does not have a foil or other type of
wrappi ng ar oupfich4fl § @oxﬁf)rié“e@@Mﬁiﬁlﬁét})’ﬁﬁrﬁ?ﬂs@_ahﬂﬁitdl&%@&uiat&mi dype of
wiring is nost conmonly used for wring for voice and data networks. The
foregoing list of wred nedia is neant to be exenplary, and not excl usive.
As descri bed above, the present invention can provide additional bandw dth
to enabl e the ansm ssjon of |arge anounts of data qQver an existing wred
medi a net wor k1,3'\t);1rt?8ﬂlﬁ@'wfdr‘i’§a%0? ugERffoR SﬁétFWo?ffl@lqlgl 1 avhergint éﬁtr%'er vi ce
provi der, cable television provider, or a conputer network 16 WO

2004/ 002001 PUTcbmEcngabsgodlatedata Beed pnlse Biesfensacyor uni versity. The
addi ti onal bandwi dth can all ow consuners to receive the high speed

I nternet access, interactive video and other features that they are

demandi ng. Thus, it is seen that an apparatus and nethod for transmtting

and recei vi ngl4iThe attrasviiRbanrconhBadbaidnl vy oe b aiid I, chePd@gliémltrg provi ded.
One skilled in the art will appreciate that the present invention can be

pract ced by pibeid ha KiRoARRNPa RS EbISSTIACQRRS, i ch are,

presented in this I ption for purpose ration and not of
limtation. The description and exanples set forth in this specification
and associ ated drawings only set forth preferred enbodinent(s) of the

pr esent inventiﬁgégThe specification a nd drawi ngs are not intended to

limt the exct Hedr yyidebgplcopmmumpeation syaam of staimeln herpam theddigdgns ot her
t han the above-described enbodinments will fall within the literal and/or
| egal scope o¥idebandfstgriabisimerudated atsy psawdb-tandompéseante fraquenttyi on is |inited
only by the clains that follow. It is noted that various equivalents for
the particul ar enbodi nents di scussed in this description may practice the
i nvention as well.

16. An ultra-wideband system structured to transmit and receive data through a

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

an ultra-wideband transmitter positioned at a first location on the substantially
continuous wired medium, the ultra-wideband transmitter structured to transmit an
ulira-wideband signal through the wired medium at radio frequencies different than a
radio frequency being used to transmit a non-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

wired medium is selected from a group consisting of: a power line, an optical
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17 CLAIM5 WHAT IS CLAIMED IS: 1. An ultra-w deband comuni cation system
for a wired nmedium conprising: an ultra-w deband transmtter structured to
transmt an ultra-w deband signal through the wired nmediumat radio
frequenci es didtwerke aicablhsgleasipmdetwrotk, ecpoemuynitysintgnna tdedsivonetvanisa t - a
non-ul tra-w deband signal through the wired nedium and an ul tra-w deband
receiver str uaininegity sccesaelcvieioh hetvidrk) @ BeRidTihed caikadystefn OmM t he wi red
medium 2. The ultra-w deband comuni cati on system of claim 1, wherein the
ultra-w deband -signal conprises an inpulse radio signal. 3. The

ul tra-w deband comuni cati on systemof claim11, wherein the ultra-w deband
signal conprises a pulse of electromagnetic energy having a duration that
can range between about 0.1 nanoseconds to about 100 nanoseconds. 4. The
ul tra-w deband communi cati on system of claim1l, wherein the ultra-w deband
signal conprises a pul se of el ectromagnetic 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 -60 power
deci bel s, as neasured at a single frequency. 5. The ultra-w deband
comuni cation systemof claim1l, wherein the ultra-w deband transmtter
conprises an ultra-w deband pul se nodul ator that is structured to transm't
a multiplicity of ultra-w deband signals. 18 6. The ultra-w deband

comuni cation systemof claim1l1l, wherein the ultra-w deband 18a
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receiver conprises an ultra-w deband pul se denodul ator that is structured
to receive a nmultiplicity of ultra-w deband signals. 7. The ul tra-w deband
comuni cation systemof claiml1l, wherein the wired medium is selected from
a group consisting of. an optical fiber ribbon, a fiber optic cable, a
singl e node fiber optic cable, a multi-node fiber optic cable, a tw sted
pair wire, anl8.dhshited-dattband steth edliimM 6,evheeip ifnubsthtiatly cdnfiMiousi re, a
coaxi al cable, and an electrically conductive material. 8. The

ul tra-w debandire@metihratsbiefted KoheM:Rup thadifnk ciﬂ’\é]%ﬁicﬁl ﬁﬁ@_ﬁ@b?ﬁ,da filgi um

is selected froma group consisting of a power |ine, an optical network, a

bl | evi i L i bk QB '
communi y accauRtaE 48k ke bdeiEth Bhhe' oA Mok it S0 CEN e nthider . &

commnity access television ne

public switched telepho network, a wide area netwo a local area
network, a mettopbti ﬂ%?@ﬁgﬁ‘gﬁ{ﬁgﬂ?}r "%\‘r@?@?‘?nlup" Wng%égc I3 00248 net wor k,
a switched netwrk, a dedicated network, a nonsw tched network, a public
network and &8k gad & ¢lestiienlky cogductive material- wi deband communi cation system
of claim1, wherein the ultra-w deband signal is used to transmt data
selected froma group consisting of. tel ephony data, high-speed data,

digital videoislahgunh Gidfind ShEH & RnfA Wneldlh folha wILETHALGRN on data

and audi o data. 10. The ultra-w nd cormuni cation system o aim1l,

wherein the ultra- w deband si.gnal conprises a nultiplicity of pulse
quadr at ur e aﬁ%%ﬂﬁﬁﬁﬁﬂwﬁaﬁﬁﬁfﬂﬁgS@Pﬂﬁa|s. 11. The ul tra-wi deband

comuni cation systemof claim1, wherein the ultra- w deband si gnal
conprises a nultiplicity of pulse position nodulated signals. 19 12. The

ul tra-w deband comunication systemof claim1, wherein the ultra-
20. The ultra-wideband system of claim 16, 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.

21. The ultra-wideband system of claim 16, 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 —60 power decibels, as measured at 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

multiplicity 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

‘multiplicity of ultra-wideband signals.
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wi deband signal conprises a multiplicity of pul se anplitude nodul ated
signals. 13. The ultra-w deband communi cati on systemof claim1, wherein
the ultra- wi deband signal is nodulated at a fixed pul se rate frequency.

14. The ul tra-w deband comruni cati on systemof claim1l, wherein the ultra-
w deband signal is nodul ated at a variable pulse rate frequency. 15. The

ul tra-w debarzh. conuttinindddhiand comati@ivatbn sysidninfok.a subshtiadllytdagtiskdus ariredi deband
signal is nodul ated at a pseudo-random pul se rate frequency. 16. An

ul tra-w debandedivmt 8shpidiyet ured to transmt and receive data through a
substantially continuous wired nmedium the ultra-w deband system

conprising: an ult i AN j1ioned at fi.nst lLocat,i on on
t hrerp subst gnti ally Jn?&ﬁ%—?ﬁ%%o%gd Haﬁ%%@?ﬁ}e%nu]& gtﬂ?etr?i]ls dtaqwlﬁggv&ﬂ%)apg 511%?‘91 tter
structured to,trapsmt. a I tra-wi.deband signal through the wred, medi um
at radio fre é@? ‘HF‘FCP wedivm dhragio equalml%%?&%rawé 2 b equaagy beng

transmt a non-ul tra-w_ deband signal through the wired nedium_ and an
ul tra- wi debariifed Erisansait m~uhtr@ﬁ@delaqndaelg@gwghdhgwar@m@humh@d
substantially continuous wired nedium the ultra-w deband receiver
structured to receanvdirgiwadeblahd seceivied sthammd e tcgreativé theroltrieriddbaad sigrai um  17.
The ul tra-w deband system of claim 16, wherein the substantially continuous

w red nmedi umfirem $ie) weédahefliugin a group consisting of. a power line, an
optical 20 network, a cable television network, a comunity antenna

tel evi si on et WOr ypdin SN AR ALY ELO AR ARG 8 NYDI 1 d

fi ber coax system 20a 18. tra-w deband system o , Wherein

the substantially contj,nuo wi.red .nediumis selected. froma group
consi sti ng of(%om&%u%%attef%’é ugpélﬁg‘aéﬁubrsfaﬂf}gﬁk' C%qull‘ﬁuﬁ‘é“rmre‘f medium.

25. The ulfra-wideband communication system of claim 24, wherein the substantially
continuous wired medium is selected from a group consisting of: an optical fiber
ribbon, a fiber optic cable, a single mode fiber optic cable, a multi-mode fiber optic
cable, a twisted pair wire, an unshiclded twisted pair wire, a plenum wire, a PVC

wire, a coaxial cable, and an electrically conductive material.

26. The ultra-wideband communication system of claim 24, wherein the substantially
continuous wired 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 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 private network.

22



optic cable, a single node fiber optic cable, a multi-node fiber optic
cable, a twisted pair wire, an unshielded twi sted pair wire, a plenum
wire, a PVCwire, a coaxial cable, and an electrically conductive
material. 19. The ultra-w deband system of claim 16, wherein the
ultra-w deband signal conprises an inpulse radio signal. 20. The

ul tra-w debany. Iy ukf-widebidl dondBunivitRnalytteihsd cifnl B, Whéehamhd viignal
conprises a pul se of el ectromagnetic energy having a duration that can

range betwee ARt Q&&%f 1. The
ultra- mndebazﬁugystgﬁ?ﬁ%mgég?ﬁﬁ%gﬁgaﬂ%@%gﬁg#ﬁg%ﬁgtra- ﬁﬁbgﬁgﬁgfgnal
conprises 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 -60 power

deci bel s, as neasured at a single frequency. 22. The ultra-w deband system
of claim 16, wherein the ultra-w deband transmtter conprises an

ul tra-w deband pul se nodul ator that is structured to transmt a
multiplicity of ultra-w deband signals. 23. The ultra-w deband system of
claim 16, wherein the ultra-w deband receiver conprises an ultra-w deband
pul se denodul ator that is structured to receive a mnultiplicity of

ultra-w deband signals. 21 24. An ultra-w deband conmuni cati on systemfor a
substantially continuous wired nedium conprising: an ultra-w deband
transmtter structured to transmt an ultra-w deband signal through the

w red nedium at radio frequencies different than a radi o frequency being
used to transmt a non-ultra-w deband signal through the wire nedium and
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an ultra-w deband receiver structured to receive the ultra-w deband signa
fromthe wired nedium wherein the ultra-w deband transmtter and the

ul tra-w deband receiver conmunicate through the substantially continuous
wi red nedi um teRphorifhiatay highaspatd ditad gital videoi daad, dipitabiebdvesiorodat € [Iaieme 4,
wherein the substantially continuous wired nediumis selected froma group
consi sting o @mmRlitsrn Jatoeid audicdhen, a fiber optic cable, a single node
fiber optic cable, a nulti-node fiber optic cable, a twisted pair wire, an
unshielded tw sted pair wwire, a plenumwire, a PVC wre, a coaxial cable,
and an electrically conductive material. 26. The ultra-w deband

communi cation system of claim24, wherein the substantially continuous
wired nediumis selected froma group consisting of. a power |line, an
optical network, a cable television network, a community antenna tel evision
network, a community access television network, a hybrid fiber coax system
network, a public swtched tel ephone network, a wi de area network, a |ocal
area network, a netropolitan area network, a TCP/IP network, a dial-up
network, a switched network, a dedicated network, a nonsw tched network, a
public network and a private network. 22 27. The ultra-w deband

communi cation systemof claim24, wherein the ultra- w deband signal is
used to transmt data selected froma group consisting of: 22a tel ephony
data, high-speed data, digital video data, digital television data,

I nternet conmmuni cation data and audi o data. 23
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