4 JANUARY 2007 A Method And Apparatus For Receiving Differential Utra

W deband Signals Field of the Invention This disclosure rel at esJgRuarR®R0G7 t O
devi ces and net hods for recovering radio frequency signals that may include
ultra w deband signals. 5 Background Wth the advent of wreless network
systens such as, for exanple, wireless |local area networks, personal area
networ ks and the |like, applications that benefit fromsuch wreless

technol ogy continue to expand. Typically, in these systens, a digital data
stream is nodulated and transmtted overla conmuni cations channel to one or
nmore receivers. 10 The transnmitters qnd_nec%ivers may be.in close proximty

or Spaced apart . g\' Qo A\ PR ARG .:- .1..5- g/ i :-_5 ra M: RS OISN{E S d| g| tal
data collectively may conprise a wireless network system As applications,
and t her ef or e’k ANY¥EJHORN; 1 e| ess- net wor ki ng systens have increased, so

has the need to provide for these network systenms within the frequency 15
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t he avaiIabIeﬁﬁﬁﬁﬂﬂﬁﬁ?ﬁsﬂ?bg@%"gﬁaeyg?“ﬁ adsigpiser e overly with ot her
net wor ki ng systens or be overly sensitive to such interference. Wat is
needed t hey ef BicRgloind Nnet wor ki ng communi cations systens that may have 20
the ability to transm t and receive digital si gnal s mﬁthiqethe frequency
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of the Draw ngg feinbbtk€ phrsbrial bigh hédh6rks andthe fike, pygitRIn Mat Beefi frdnsithdeband
conmmuni cati ons system accordlng to enbodi nents of the present invention; 25
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Figure 2 il ugirelesséechrolegysrontinyedgexpand Typically.tip tesg tiepmna digiabdajastreamcor di ng
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associ ated wi tra w deband receiver in accordance wt odi nents

of the prHsenthetrapemittersand recingd MRy b G-fose proximity or spaced apart. The transmitters

and receivers that transmit this digital data collectively may comprise a wireless network
system.
As applications, and therefore demand, for wireless-networking systems have
increased, so has the need to provide for these network systems within the frequency
15  allocations available for their use. As the frequencies available are limited, there is
increasing demand for systems that can communicate within the available bandwidth
space and yet not interfere overly with other networking systems or be overly sensitive to
such interference.
What is needed therefore is a networking communications systems that may have
20 the ability to transmit and receive digital signals within the frequency allocations provided

and provide numerous other benefits.

Brief Description of the Drawings

Figure 1 illustrates a block diagram of an ultra wideband communications system
according to embodiments of the present invention;
25 Figure 2 illustrates a block diagram of an ultra wideband receiver according to
embodiments of the present invention;
Figure 3 illustrates wave forms associated with an ultra wideband receiver in

accordance with embodiments of the present invention;



2 Figure 4 illustrates an ultra w deband receiver section having a variable
low pass filter/integrator according to enbodi ments of the preggNuaRry 2007
invention; and Figure 5 illustrates an ultra w deband differential
transmitter accordi ng to enbodinents of the present invention. 5 Detailed
Description Referring nowto Figure 1, an ultra w deband conmuni cati ons
systemis depicted wherein a first digital device 101 transmts data to an
ultra wideband transmtter 103 that in turn converts the digital data into
radio frequency signals that is transmtted through an antenna 105. An
ultra w deband signal may, in sonme enbodkrents, be a signal that has a 10
bandwi dt h di vi decFigiye ¢ Ahisgited dnadti€Wwidebgid eaker debidon mpﬁgamaﬁmﬂoyv fs25. The
frequency spect.r um of a transmited si @I ﬁn%;\{l be sgrea in some
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of the trans{PR "&LﬂféléﬂPrFseE““"ec“H@“shorter t he pul se duration, the 15 wi der
t he bandwi dth. An ultra w deband receiver 107 may be coupled to an antenna
109 whi N NBMail@TRsotioadi 0 frequency data transmtted by the ultra

w deband transmtter 103. The ultra w deband receiver 107 may receive the
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15  wider the bandwidth. An ultra wideband receiver 107 may be coupled to an antenna 109
which may receive radio frequency data transmitted by the ultra wideband transmitter 103.
The ultra wideband receiver 107 may receive the radio frequency information and
converts it into digital data, which may be coupled to a second digital device 111.
Digital devices 101 and 111 may be any type of digital device that is usefully
20  coupled to an ultra wideband communications system. For example, the digital devices
101 and 111 may be desktop computers, printers, network monitors or other digital
devices.
Antennas 105 and 109 may be any type of antenna that is useful for transmitting
and receiving ultra wideband signals. In operation, antenna 105 may convert voltage
25  signals from ultra wideband transmitter 103 into radio frequency pulses, while antenna
109 may receive radio frequency pulses and convert them into a corresponding voltage
signals. In some embodiments, the radio frequency pulses may be both positive and
negative (“differential”) pulses. Antennas 105 and 109 may be constructed as ground
plane antennas, dipole antennas, slot antennas or other type of antenna that may be

30 usefully employed. Additionally, while antenna 105 is shown as a transmitter antenna, in



30 usefully enployed. Additionally, while antenna 105 is shown as a
transmtter antenna, in 4 JANUARY 2007 -3 sone enbodi nents, agtyaNOARYXLE67
and 109 may be useful for both receiving and transmtting. Referring now to
Figure 2, a block diagram of a receiving device such as may be incorporated
into an ultra w deband receiver such as ultra w deband receiver 107 is 5
illustrated. Antenna 109 nay be coupled to a filter 203. Filter 203, in sone
enbodi ments, nay be a band pass filter to reject out of band signals that
may interfere with the desired ultra w deband signal. In other enbodinents,
filter 203 may be a matched filter, which_ may be utilized to nmatch the
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coupled to the output of the AGC circuit 207 and to the input of a | ow pass
filter or intmepfeersr 217. The differential correlator 211 may include a

W deband (el 2y el R0 hod Andlik faA KB 5 BUERNGAS nchifr 984 g Sleent 213

may serve to delay an 1nco man ultra w deband signal in
an anount, iantosetiegaimizmtio harcug (AGOP2EX iThetow yoiscpnallifien2GShmeaysymyihify thper i od.
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filter 217. Inoybpassideiddtagndid fréquenyy (YRBY)ifdat éndf iThe eltomatid gire@nébl dircuit unct i on

on the | ncon‘ing may serve to amplify or reduce an uvltra wideband signal coupled from the low noise

15 amplifier 205 to achieve a desired signal level. The AGC 207 may be utilized to
compensate for dynamic fluctuations in the average amplitude of the received ultra
wideband signal. In some embodiments, the AGC circuit 207 may provide an output
signal that may be optimized for the dynamic range of an analog to digital converter
(ADC) 209.

20 A differential correlator 211 may be coupled to the output of the AGC circuit 207
and to the input of a low pass filter or integrator 217. The differential correlator 211 may
include a wideband delay element 213 and a mixer element 215. The delay element 213
may serve to delay an incoming RF waveform from an ultra wideband signal in an
amount, in some embodiments, approximately equal to the symbol period. This delayed

25  waveform may be then mixed by mixer 215 with a current received waveform to provide a
mixed signal, which is coupled to low pass filter 217.

Low pass filter 217 may provide a filtering-integration function on the incoming
signal from correlator 211. This filter may be either a fixed bandwidth filter or, in some
embodiments, a variable bandwidth filter. The output of the low pass filter 217 may be

30 coupled to the analog to digital converter 209. The analog to digital converter 209 may be
coupled to a digital demodulator 221 and a sampling clock 219. The ADC 209, digital



signal fromcorrelator 211. This filter nmay be either a fixed bandmﬁdth
filter or, in some enbodinents, a variable bandwidth filter qy
t he Iom/pass filter 217 may be 30 coupled to the analog to dlgltaf conve? er
209. The analog to digital converter 209 may be coupled to a digital

denodul ator 221 and a sanpling clock 219. The ADC 209, digital 4 JANUARY
2007 -4 denodul ator 221, and sanpling clock 219 nay be utilized to convert
the received ultra w deband signal into digital data. In some enbodi nents,
receiver 201 may serve as a differential pulse shift-keying receiver that
denodul at es sequences of short pul ses, each of which represents a single

bit. 5 In tfdnodGREE 221, and eplidg BRcIODIHa BeatilibétEto biven-thé dedivdadiied gnal s are
essential ly pul ses t hat may be transmitted and detected by transmtters and

recei vers suvifekpadsigapldnipdigital da3 and recei ver 107 respectively.
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Figure 3,” the operation of erentla cor oW pass
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i nvention. In |IIu tration, (Ts) represents the synbol period, (St) is
the recei vedrefﬁ“ch géweapeeﬁ Y15 signal that may be at the input of
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211, in ﬁpﬁanFlﬂgboms%EBia?nplm sfpkaa&hgeﬂhbwaoefMabembmpmﬁdSs(mgfamt h the
del ayed signal s(t-T) 302 to generate a mx signal 303. The m x signal 303

may be proced@s@enymbol ow pass 20 filter/integrator 213 to produce an
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waveform 303, the }oeaks in wavef orm have been averaged out in waveform
T,

305. The r ecsss/dferdgnesraten 1709 detailed aecondipg losmbadignestsiof dgipiesenifinention. dpr ead
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209 to sanple at t he' s rate i s exanpl e
four (4)15ul :sgml thgtrmay be at the input of differential conelator 211, S(t-T) is the signal present at

the mixer 215 from the output of the wideband delay element 213. When utilized in a
spread spectrum differential signal application, the differential correlator 211, in some
embodiments, may function by mixing signal s(t) 301 with the delayed signal s(t-T) 302 to
generate a mix signal 303. The mix signal 303 may be processed by a low pass
20 filter/integrator 213 to produce an integrated waveform 305. As can be seen in waveform
305 in comparison with waveform 303, the peaks in waveform 303 have been averaged
out in waveform 305. The receiver section 201 may accomplish a despreading of the
spread spectrum ultra wideband signal and may allow the analog to digital converter 209
to sample at the input bandwidth of the symbol rate Ts. In this example four (4) pulses per
25  time slot may be utilized. However, in an ultra wide band differential signal application,
" in some embodiments, a single pulse may be utilized per time slot.

As was previously discussed, low pass filter/integrator 217 may be either a fixed
bandwidth filter, or in some embodiments, a variable bandwidth filter. In some
embodiments, the band pass characteristics of the low pass filter/integrator 217 may be

30 adjusted dynamically to achieve the best signal-to-noise ratio of the received ultra

wideband signal. Since the pulse repetition frequency (Bp) may be, in some



25 tinme slot may be utilized. However, in an ultra w de band differenti al
signal application, in sone enbodinents, a single pulse may bq jaNuaRZ@dopeEr
time slot. As was previously discussed, |ow pass filter/integrator 217 may
be either a fixed bandwidth filter, or in some enbodi ments, a variable
bandwi dth filter. In sonme enbodi nments, the band pass characteristics of the
| ow pass filter/integrator 217 may be 30 adjusted dynam cally to achieve the
best signal-to-noise ratio of the received ultra w deband signal. Since the
pul se repetition frequency (Bp) may be, in sone 4 JANUARY 2007 -5

enbodi ments, much |ess than that of the actual signal bandw dth (W, the |ow
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out put of t h&aggidthdepandiag op iecayigrgrentin whiqhghgwles widehangdsigmetisa wi deband
envi ronmgpt  Wahdnigkd) Hok bsaipe, mantenvﬂmnf @ftﬁ%él@éﬁveﬂe&ﬁnﬁ al O Raddiairdt h 1 ow

pass filter/integrator may out performa hi | ow pass filter.
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reflections l'e a W pass y only capture the
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recei ver 1sechilen bagiwidth Rﬁ)ﬂpdsSﬁltéduusgrhtaf aaly thpbrfdrhﬂ hi ghcr bandwidth low pass
filter. This may be because the low bandwidth low pass filter/integrator may capture and
sum a portion of the energy from the additional paths of the multi path reflections while a
high bandwidth low pass filter may only capture the energy from one of the paths. Thus,
changing the bandwidth of a low pass filter/integrator either higher or lower may improve
20  performance in particular ultra wideband signal situations.

Referring now to Figure 4, a receiver section as in 201 is illustrated with the
addition of a bit error detector 401. The bit error detector 401 may be coupled to the
digital demodulator 221 and to the low pass filter/integrator 217. In some embodiments,
bit error detector 401 may adjust the bandwidth of the low pass filter/integrator 217 in

25  response to bit error rates detected. Based in part on the bit error rate, the bit error
detector 401 may either increase or decrease the bandwidth of the low pass filter/integrator
217 to reduce the detected error rate. The low pass filter/integrator 217 may have discrete
bandwidth settings, which may be selected, in some embodiments, by bit error detector
401. In other embodiments, low pass filter/integrator 217 may be generally variable

30 between an upper and lower bandwidth limit and the bit error detector 401 controls the

bandwidth of the low pass filter/integrator within those parameters. In other



addition of a bit error detector 401. The bit error detector 401 may be
coupled to the digital denodul ator 221 and to the | ow pass
filter/integrator 217. In sone enbodi nents, bit error detector4jﬁHPAR§goo7
adj ust the bandwi dth of the |low pass filter/integrator 217 in 25 response to
bit error rates detected. Based in part on the bit error rate, the bit error
detector 401 nmay either increase or decrease the bandw dth of the | ow pass
filter/integrator 217 to reduce the detected error rate. The | ow pass
filter/integrator 217 may have discrete bandw dth settings, which nay be
sel ected, in sonme enbodi nents, by bit eréer detector 401. In other
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401 nmay be repl a by a digital or anal og synbol ~error detector.

Acqui si ti on tathe S§9’r‘ﬁéﬂl?‘6$ﬂ"2&'[q o theowavefarmg tlﬁéba’mi’s%ﬁl@%&%d%tP thas isdpssl | engi ng
due to the tﬁ&]ﬂ{atlft'am}lpﬁeraﬁ%ﬁ alfé; ?% aed @ tth Zdelrrgb\ﬁuﬁe i ilter

bandmndth t hat ess 5 tha e sanpl e rat (i.e.,
Bf <Rs/2), t herfdinyidirect digdwioehidhad ﬁhermyn pedef ordeted naelc.qts witly b siagle preapibied

filt F
xanpl ¢, a TE0NFG TSRETEES  OSE RNy oty B RHL RO BE ST CMBIERE FOr
associ at ed disgictagd chbtabdbniodubtor amballom fona paketebyprackat lethydidativhe tA

denodul at I ti i

power consuftsy BrdmbEate mRY vl Aty R astsrREnRt BEREESPR el y 1 ow
sanpl e rnate may result in reduced pomer consuned by receiver 107. Wen

receiving an ultra wd nd si a fixed bandw dth | ow pass
filter/integratol®® ??Fé"ebﬂam 8? at“iew lggﬁé‘“gﬁ%ﬂmwgtmrfﬁgl“ POt ween
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the delay |ength based on the received ata rate. hi's manner, 1 n sone
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environments as previously discussed. Additionally, in some embodiments, the wideband
delay element 213 may be adjusted to change the delay length based on the received data
rate. In this manner, in some embodiments, an increase or decrease in the data rate may be
accommodated again leading, in some embodiments, to improved performance. For

20  example, in environments with little or no multipath signal reflections, a higher data rate
may be supported by the receiver 107.

Referring now to Figure 5, an ultra wideband differential pulse transmitter 103
may include a digital block 501 that may include a preamble generator, a clocking control
and a differential encoder. The digital block may be coupled to a bi-polar modulator and

25  pulse generator 503 and to a clock circuit 505. The modulator 503 may be coupled to a
band pass or high pass filter 507 that may be coupled to the antenna 105. As was
described in association with Figure 1, the transmitter 103 may encode digital data into
uitra wideband differential pulses.

While the present invention has been described with respect to a limited number of

30 embodiments, those skilled in the art will appreciate numerous modifications and



accommodat ed again | eading, in sone enbodi ments, to inproved perfornmance.

For 20 exanple, in environments with little or no nmultipath sigpANUARY 2007
reflections, a higher data rate may be supported by the receiver 107.
Referring now to Figure 5 an ultra w deband differential pulse transmtter
103 may include a digital block 501 that may include a preanbl e generator,
a clocking control and a differential encoder. The digital block may be
coupled to a bi-polar nodul ator and 25 pul se generator 503 and to a cl ock
circuit 505. The nodul ator 503 may be coupled to a band pass or high pass
filter 507 that may be coupled to the antyenna 105. As was described in
associ ation \’z‘%rfaﬂ nf 3 e fort. Ittné‘ﬁteh&é%rlﬁmﬁeta%ben’d%cl%}’s BRGA Sudll xﬁé&:ﬂ%}angﬁia I nto
ultra w deba ferential pul ses. present inventlon een
descri bed wi and vaggtianstas fa} vaithin thﬂttredsnmméuscqpﬁ of B3 presowdnventiers, t hose skil | ed
inthe art will appreciate nunerous nodifications and 4 JANUARY 2007 -7
variations therefrom It is intended that the appended cl ains cover all such
nodi fications and variations as fall within the true spirit and scope of
this present invention. 4 JANUARY 2007 8 What is clainmed: I. AUtra

w deband (UWB) receiver conprising: a first filter and anplifier to filter
and anplify a differential radio frequency signal having a bandw dth

di vided by a signal center frequency greater than 0.25; a differenti al

correl ator coupled between said first filter and anplifier, and a | ow pass
filter; a said |low pass filter having a variabl e bandw dth; and a digital
denodul ator coupled to said | ow pass filter to recover digital data received
fromdifferential pulse signals; and wherein an error detector is coupled to
the digital denodul ator to change a bandwi dth characteristic of the filter,
said digital error detector is used to increase a bandwi dth characteristic
of the filter.



2. The UWB receiver as in claiml, said delay elenent to delay the first
recei ved pul se by approximately one synbol period. 3. The UMB4UﬁﬁghK?&o

in claiml wherein the digital denodul ator includes an analog to digita
converter coupled to the filter to sanple an output fromthe filter at the
synbol rate of the received pulses. 48 The UMB receiver as in claim7, the
digital data error detector to decrease a bandw dth characteristic of the
filter. 5 whhes JMBed.eceiver as in claim1 wherein the differential
correlator includes a delay elenent and a nlxer to delay a first received

pul se and m x t,{r@ltgaer@ytﬁnggrw re\éé&é?cém recei ved pulse. 6. A nethod
of receiving a Utra w deband ? radi requency signal conprising:
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filter; ? errng sard correlated differenti al radro frequency si gnal using
a said IOM/pass filter vrn a vari wi.dth; and denodul ating said
filtered correﬁﬁ?ﬁHoﬁPF? terhal QFaWQHPER??%HEB A signal using a digita
denodul ator to recover ital data fromreceived differential pulses; and
wherein filterjafeitahde Fgaér seupledde saidlowpassdilter toapcgveidigital datateseiigd s
utilizing é%“é¢@@?mﬂ6%¥%%@ﬁk 9 change a bandwi dth characteristic of the
filter. 4 JANUARY 2007 9 7. The nethod of claim®6 wherein correlating said
differential rawfceeifs detgeteriigpapled forth¢ digitad derpodiatardo ehahge shandwiddi ved

pul se and dhpRterdptic REthelBlterysasl digifaberragidetacter is vied tadinerezse p bandiwigthl se. 8. The
met hod of dhpmstenistic ftde Elter. del ayi ng the first received pul se includes
delaying the first pulse by approximtely one synbol period. 9. The nethod
of cl ai m 72.wherBieV WBmesdivkrdsiimgjaignl, daifl delaypdesent fol delay ¢het fossireceivad pulse

by approximately one symbol period.

3. The UWB receiver as in claim 1 wherein the digital demodulator includes an analog
to digital converter coupled to the filter to sample an output from the filter at the symbol rate
of the received pulses.

4. The UWB receiver as in claim 7, the digital data error detector to decrease a
bandwidth characteristic of the filter.

5. The UWB receiver as in claim 1 wherein the differential correlator includes a delay
element and a mixer to delay a first received pulse and mix the delayed pulse with a second
received pulse.

6. A method of receiving a Ultra wideband (UWB) radio frequency signal comprising:

filtering and amplifying a differential radio frequency (RF) signal having a bandwidth
divided by a signal center frequency greater 0.25 by a first filter and amplifier;

correlating said filtered and amplified differential radio frequency signal using a
differential correlator, wherein said correlator coupled between said first filter and amplifier,
and a low pass filter;

filtering said correlated differential radio frequency signal using a said low pass filter
having a variable bandwidth; and

demodulating said filtered correlated differential radio frequency signal using a
digital demodulator to recover digital data from received differential pulses; and

wherein filtering the correlated differential radio signal includes utilizing an error
detector to change a bandwidth characteristic of the filter.



differential radio frequency includes utilizing an analog to digital
converter coupled to the filter to sanple, at approxi mately tRhgaRyaRel2o62t €
of the received pulses, said filtered correlated differential pulses. 10. A
Utra w deband (UAB) receiver conprising: a first filter and anplifier to
filter and anplify a differential radi® frequency signal having a bandw dth
divided by a signal center frequency greater than 0.25; a differential

corr el at ory couptth ARl WEERinS @ wHertincStreldtink 58 dRRAENMIRAIS fr&fuengdin@ vari abl e

bandwi dt h iﬁélb&e@ﬁélaﬁngjd st rale il PRALARALALinG HARL Bfkdi RIS Vit a\iadoh@Rb&vdyandwi dt h
filter to gmgeover digital data fromreceived differential pulse signals;

and wherein an error detector is coupled to the digital denodulator to

change a bandwi flfehnetifoddF siginfT Whdrbin dOlhyihdie Filst LeBsivedSaisd ifdldbd &llayﬁlr]grﬂw
det ect or ifstipaRé by SprdiShAAS SndsyRdOMMidih characteristic of the filter; and
a di pole antenna coupled to said first filter. 11. The UWB systemof claim
10 wherei m t he Hglndhodlo€ bRt 7 Whertigldarodulting 5didlow FRSSINERM coRélhie® DY _

appr oxi nat&ffdteiaFradis HeQhenBEMtINgks ulikzing MBS SitaEEBnderter Boupleditdhd 0 Wher ei n

the di gi t afnefRmelpl ak Q[Bprb)ﬂﬁ!lth'?% FAb&ak: 8fithe feeitddulisdd, s£i@RUGEd er coupled to
the filtercobOlaR@dRfefondl palisput fromthe filter at the synbol rate of the

recei ved pul ses. 13. The UMB system of claim 10 wherein the differential

correl at orygi ncl AgRs Vdsah@we) REBM: cafstisthgn Xer to delay a first received
pul se and m x the del ayed pul se with a second received pulse. 14. The UVWB

systemas in clas i MaSHplifledid Ritdriahd Shplles a BirkAliARido oy ddiall 11 ter.

having a bandwidth divided by a signal center frequency greater than 0.25;

a differential correlator coupled between said first filter and amplifier, and a variable
bandwidth filter:

a digital demodulator coupled to said variable bandwidth filter to recover digital data
from received differential pulse signals; and

wherein an error detector is coupled to the digital demodulator to change a bandwidth
characteristic of the filter, said digital error detector is used to increase a bandwidth
characteristic of the filter; and

a dipole antenna coupled to said first filter.

11. The UWB system of claim 10 wherein the delay element to delay the first received
pulse by approximately one symbol period.

12. The UWB system as in claim 10 wherein the digital demodulator includes an analog
to digital converter coupled to the filter to sample an output from the filter at the symbol rate
of the received pulses.

13. The UWB system of claim 10 wherein the differential correlator includes a delay
element and a mixer to delay a first received pulse and mix the delayed pulse with a second

received pulse.

14. The UWB system as in claim 10 wherein the filter is a variable bandwidth filter.





