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WO 2004/ 021595 PCT/ US2003/ 027274 -1 A Met hod And

Apparatus For Receiving Differential Utra Wdeband
woSlogi@195 Fi el d of the Invention This discl oswca/us2003/027274

rel ates generally to devices and net hods for

recovering radio frequency signals that may include

ultra wi deband signals. 5 Baékgr ound Wth the advent

o rorighF 3pd Aobahll HeE REEEBH B el Ua iR pigmals
Fi d %h | i ke, applications that benefit fromsuch
ji@%—gj%wé‘%nol ogy continue to expand. Typically, in
these systens, a digital data stream is nodul ated and
t r amhiy disebubvelatéd geAERNN tC@videB and HRMAS f3rRe@NErife radio
nmore recejvers. 10 The transmtters and receivers may
freguency signals dhas mayiinglude Wira spdeband sigaals.. The
transmitters and receivers that transmt this digital
Baflakgu kP! | ectively may conprise a wireless network
% As applications, and therefore demand, for
W r idsthendvam oK ivirgless/sdtenrk dystems shcﬂﬁﬁs@ asesampe, Wﬁ@less local
the need to provide for these network systens w_thin
arep REMVor B%B@ﬂl 3103 R QRIS ko PPUTIENS Bl ponefit fragesuch
i ' j : i+ re d
S P LAUIR, b ek SPteh b gl data stream
is mpduhated ambtransaiittetdver b aomiwiudidationspaieene talonyedr mare receivers.

o A RES B Rttt S B P 5, gt

and feesieéro kgt trindnif ﬁﬁy‘@?ﬂimﬁta%ﬂ%we%b? BEmBY &L LW R cfeli@tetwork
may have 20 the ability to transmt and recelve

SySHfti t al signals within the frequency allocations

i . [ n I ot her benefits. Brief
P o fiiticaROft, BEQHLASord IR To Rl ki sySleiS have
incivhedk salha@ghaneedf to providd fo thebelghantk SoEMsRidah kR Sequency

tem according to enbodinments of the present
allqsé%f\?/cgmaivgﬁacbﬁe for thegljr use. As the frequencies available%re 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
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;

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;
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25 Figure 2 illustrates a block diagramof an ultra

w deband recei ver according to enbodinents of the
w@e@adentsos nvention; Figure 3 illustrates wave POT/INS2003/027274

associated with an ultra w deband receiver in

accordance with enbodi nents of the present invention;

WO 2004/ 021595 PCT/ US2003/ 027274 -2 Figure 4

illustrates an ultra w debard recei ver section having

a V@EgiraliRudtRksRAIHtra Wideb@id lebdi @GTsattn RSAQ LV Bibledow pass

enbodi nents of the present invention; and Figure 5
filtqrfintegratonpecording i erbodimgets af the dresFRY iBYRItAN; fmdans mitt er

ac [

Do apited B BT RN Bt el BenBARBa o UERGR 0 ©
embddihéntybkbb prdeimanvantioaat i ons systemis depicted

wherein a first digital device 101 transmts data to

an ultra wideband transmtter 103 that in turn

Det digital data into radio frequency signals
t hgiegélﬁn% rn%Q'StB"Ftl élﬁg 114 Qug Qv@em)an@@&rﬁﬂlﬂﬁlc%@ghs Hbrettl ik H@plcted
and~si g may, 1 n sone enbodi nents, be a sign

whertiata ﬂmsdlgtad @lebacl a0 tressdisvdatidd abylterewidsharic apsmmitésy 103 that

i G530 BB ORI e B UG BRIt o

antTREROS NRAGHERT Febaktysi 8 adiyNig sbmtes:mbwmems be a signal that has a
spectrum spr eadi n?r codeword which may be in accordance

bandmchh dizifdeddyeenten freganey sregtenhan rERIOXimatelyfe?>. The frequency

oo BB RGP SRR RS T s

w1tlli)b.l |s truin.-épreadld’gecoﬁlh‘%tdewhltlﬂ fhap be s aaborm'b@w,lthtrh@ﬂﬂt&y or other
er the bandwidth. An ultra w deband receiver

Staﬂﬁlasﬂsb@ etberpsrabpdiments, tha fearaCcy bIAWIH A atipshEics %lal is

{
conf 05! RSB BAGRIARIIL £, BY A e b
wideethe baredwitith. r&dubrafmdeimmd mgcewref o0 reiay ba cawprled m/aemtrma 109

t into di dat | ed. t
whigh giay cespiedid icapencyi i Gansaimipd e brahgeforh FaggRer 103
TheAllda (NY(R‘BaRJ redbigbL 87 ﬁ@&’ teebivt NRtradid fgeéndy |1Mforr21@tlon and

coupled to an ultra wdeband comuni cations system
conferts iehdopigeal date vdiigi may beleatipdasisto a second digital device 111.

Digital devices 101 and 111 may be any type of digital device that is usefully
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
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

usefully employed. Additionally, while antenna 105 is shown as a transmitter antenna, in
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101 and 111 rmay be desktop conputers, printers,

network nonitors or other digital devices. Antennas
wdom4andol09 nmay be any type of antenna that iBCEsfon3/027274

for transmtting and receiving ultra w deband

signals. In operation, antenna 105 may convert voltage

25 signals fromultra wdeband transmtter 103 into

radi o frequency pul ses, whi-I3e antenna 109 may receive

sonfeagiR dfrh &AY aRCYnAUl0S@Hd 209 nf ?TB% @kéful 18 Boihvefeiting and
correspondlng voltage signals. In sonme enbodi nents,

trarlﬁlhétm&dl o frequency pul ses may be both positive and

L e e SR

incapranra aﬁto afilultka ﬁf&eﬁﬁhﬂﬁ%c@ﬁer@hheais ulyp mdﬁbaﬁmte};ﬁmr 1 0iats
may be 30 usefully enpl oyed. Addjti on

lugirbad RIS 108 ToHORCHE 0H 0 A GGk i A0 HpomRe Eriggdiments,
ma}Z e%) 4()%11%?%@?% y%%%%ﬁgg@%a%a%ggn? %ﬁﬁ&%fa“@ﬁﬁ the desired

enna both recei ving
ultrawddebamdaslgmlt i oter Eebatimemg, fdtwvzf)b nﬁy@m rasn@cheal folkepcwhich

i agram.of a receijving device such
s OGRS 30 B G SRS oy TR e e R Feigs dpband
mte%;eg@ w deband receiver 107 is 5 illustrated. Antenna
09 may be coupled to a filter 203. Filter 203, in
s orm levhoide amplier (L) 206 naaythernupled $o fhiel filter 203 andjoeat

N R T

recdivdd Bira RARbARY s@ﬁal&’rdﬁﬂﬂﬂfﬂﬁrf Cbhi&stiveMhiheHiltef@93 bed LNA 205
utilized to match the i ncom ng wavef orm or a natch

may b¢ ¢qnsidersdragipdiotfraaquprayd Rt eFané ped.s The aufomatiqgpip spafeo! circuit

20 425N 2, S O 5 e
amplifeer LOSMowhise al”delsliréd s@gna]Z%elrrﬂ“yleaKﬁCIZDy nhdyebe utdized ted
compgasas 1 GymTD (RERALIAGE (OBF BvFERge B PLBHG A aos Vit
widtbEALERGY ]SxfgﬁQengﬂgg\%er?g he nzg & AHLRTDY fayGOVIAE ARbAGLY
signal tebmag bs logtmaizedd’onpihe dyrﬁarmma‘rige of emvamedo g to digital converter
(ADC) 209.

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
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
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
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15 anplifier 205 to achieve a desired signal |evel.

The AGC 207 may be utilized to conpensate for dynamc
wo baseh2iEP3 ons in the average anplitude of the peDesaesio27274

ultra w deband signal. In sone enbodi nents, the AGC

circuit 207 may provide an output signal that may be

optim zed for the dynam c range of an analog to

digital converter (ADC) 20%.- 20 A differenti al
denﬁﬁﬁfaﬁir@?@ rana]s&mifﬁﬁg BRciE 21Piad bt QtiliNl t6bRvrt ik rédedred@lira

circuit 207 to the input of a |low pass filter or
w1dr:lmnégrmbmtoquzltama@a differential correlator 211 may

ude a eba I 3
o7 e BN 26l SIS EAS, BRI i in
rece?‘fbr itiikE @B ul ks mmeﬁ&rs Mﬁl’(@ﬂptﬂfbswabh af whd:hha;mdsaitgmﬁhgle bit.
in an anpunt, in some enbodi nents g@@rOXIHHteﬁﬁ ua
¥y

In t]@lg C@Sﬁelt §W@be peled gt therylsa-yadebpadisigodls grerssaofi sgsfhat

T A g, el B 0

recdmerIIOWrmsvaelyter 217. Low pass filter 217 may

Pl fely. gorsiver Foled hedy o pABRT LRy i gyingggpeiver
thattlﬁnﬁ)'dﬁﬁ?ers sprebd ¥R trBANEMat Windré tHeQpreaflingisBqR@B®is illustrated in

nmbodi nents, a variable bandw dth filter. The out put
Flgurb 3t Hes anmnapmim tifei Spreading ot theayavsforsomey bp peapmplishegbusing four
anal o digital converter 209. The analog to digital
Chll%?d’r‘?(/é’?rf’é?q' 209 may be coupled to a digital denodul ator

22 IR @Bding nd¢BIFiH\Ge Gl Be l@g&sﬂon dhie ADGraR cotrgatoal 1 MAd low
2004/ 021595 PCT/ US2003/ 027274 -4 denpdul at or 221,

pass Gliefiniegrac Ga rodTaimAcBerdinEp TEaTESTESAIbS prepFy imention. In
this 1ﬁ1‘1:s(:t‘rla}/1§;g (Q;L)trre esé%téjﬁgg bc?lI ;%8?5 rgg} 9 ufdi Bk diAdd 1@k Yiddtand

S, rece serve as a
sigridl ffaemantbe at thp ihme oSﬂhlffeteanleNaom@IawreZiéL S@+T)tihtie signal present at
denodul_at es sequenc?s of, short pu

e G oo ol s 2057 Whenitliérda o
S BB AR (BRI Y o i
emttdd&nsxm;,tmayr ﬁmetmh emedingsigna G(Ih3(blswtth &resdﬂlztyteé isigh@Bs(hp302 to
gen&%%eea{ r\{uexr signa ? 36? S&lﬁg }’l’lll)\(/ gingél 303 may be processed by a low pass
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

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
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
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Alternatively, receiver 201 may serve as a
differential pulse shift-keying receiver that
waleovedrilset es spread spectrum si gnal s where thePCT/US2003/027274
spreadi ng sequence is illustrated in 10 Figure 3. As
an exanple, the spreading of the waveform may be
acconpl i shed using four chips per synbol. Referring
now to Figure 3, the operatison of the differential

emﬁda'irh%t@trﬁ&chaés% {RAthhQYY thdasSal bignhBSahti WidE (W) Othe 20w phst
detai | €d according to enbodi ments of the présent

filtérintegraton lbal}dmdth (Bsor integeationtims(Tp) mey vesphebyesn Bp < (or
l/TEYQJﬁgl T ﬁg)llf e%ay qy@%g{lr%{}%]tgevar {h 'ch?u%%;M,t% [én?cé r?cgl{ﬁﬁ%ge dPthe ultra

wm@&{;{d&k@&wr 211, S(t-T) is the signal present at the
m xer 215 fromthe out put of the w deband del ay

el eheapiimum bapghwisithpf ihP Jes pass ﬁéter/%%&ter §}9¥ B} Hggessarily, in
sorxgeI Jnﬁbﬁ‘dﬁﬁéﬂt?, ?f%'quﬂ% V@p@llthpﬁtfegﬁld gl%}ﬁl @ﬁWealas waveforms
or odi mren

correla n somne unctlon by
thatm'cthmga miugin gleatef bindddthwharhthe kpmbell ratge d\ kwgpasls ﬁd;t(et/l-nngrator

02 t ' ' 3 |
with g G Ao By O B BASdo o F I ARG P
ban@witith Qe n;%rn g%% A0 eHoRdeRE RdviBl Blct WRRbafBsigad iPe

seen i form 305 in conparison with waveform 303,
tranishnéttque dos ekampleiefao mmlmanmwhkfewmlmbneﬂg@wnswhlgh rbandWIdth

o B0 S SRR A Rbs TR o

ma§s b&B&austfle IW b dwalitht1&® pagbam&g/lﬁtegndtoe infa8 re@ONY BIUCER b the
09 to sanple at the input bandwi dth of the synbol

Wldedlaed Fignal| meltgmagtl@@mt@f ff@lﬁlfff(r@thé GPERIgtopel 125 time
?I%I%vnv’gynetr,i 5 aHtu'lt F(ﬂba ﬁmeﬁthnﬂpmgl'u‘f%ﬁlt%lﬁg .pgﬁﬂ‘gﬂections

|ca 1 on

a loav Sdnidglich M %s ffﬂbér/bﬁegthﬂok mae dup@errfcﬁmrmhlghﬂtban@mdﬂah)w pass
previ ousI%/ d| scussed, | ow pass filter/integrator 217
ﬁlt@fa;;thsén@r acagscrihg st b dH pessifiliep/Integrajon may eapture and

sunf EEQ%OH%?%}E en drﬁ1 eeddt‘iﬁﬁq\?]‘l‘ ﬁ'ﬂﬁ Jrithd Mt }B{ﬂ? ?ﬁ@gtl?rg V\\/)Vhlle a

ass C acteristics
high asﬁvhdtlhtlew/plasbt ﬁlg&‘rammorﬂﬁ Taptwry ticeerBfpyafiprasneof the paths. Thus,

dynam cal | 0 achi eve the best sigpal:to-noise ra
chagbing s o idRal ot Hess. i Gu ek S ST eBphgSFRE Ry fuprove
perﬁ)‘ﬁlnﬁnfcer i ?ﬁftfcﬁla@ Dt e LeRa % @pgltuﬁﬁé(nsbe in sonme WO

2004/ 021595 PCT/ US2003/ 027

Referring now to Figure 4, a receiver sectlon 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
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

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
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enbodi nents, nuch | ess than that of the actual signal
bandwi dth (W, the low pass filter/integrator

woacdievh (Bf) or integration time (Tp) nmay VBCYUS2003/027274
between Bp < Bf (or 1/Tp) < W This offers an
opportunity to vary the conplexity and performnce of
the ultra w deband receiver. 5 An optinmum bandw dt h
of the Iow pass filter/integrator nay not necessarily,

ede@hm&Qﬁh@Hﬁ’ eRbINEMctor 408 neGUR repacd by-h HigaMérd@blag @ymbol
ignals may be viewed as waveforns that occupy a nuch

erroglde@t:t@r bandwi dt h than the synbol rate. A | ow pass

filferlintegrator hi (G

bet‘%%qrulﬁl angnél1a PEAS I\z%éth g ter? #é%rrg&a{lém%/\nm? ﬁ%F' Shillenging due
to tikaghdw ietiphlsd aaa%mge Wﬁvéfbﬂn efWith DIovepdss ﬁiteiv\llsundh/ldth ghat is less

ultra w deband signal is 10 tg}nsm tted. For exa

than haléweéﬁmpkdﬁwﬁﬁ) Qhithh ADLl1 i Sl Ry &k |tf§&lgl&%§1emagﬁl!@§iﬁ may
perﬂ%ﬁp g& teh a%mfehhgﬁ;éfdat ©HelPpackBY v a aﬁglé Phcfinble
a

ow pas I'ter/integrator. This nmay
seqinnce. eEatuS@ntpﬂte all60vMidn BRFdBh) mayvbp detected with a 200 MHz ADC and

Y P s bard
sssoq LN AR Ao Bl AP DR P IREL S GHtR. A
relaﬁ%lp%\ﬁfs% Rlte fMRY Gl a kdiu@fod!In'd fowdrd8Ramskd by the receiver

env ronmen wth Significant nulti ‘path refl ections,
10715 a | ow bandwi dt h | ow pass filter/i nt egrator may out

h b :
per %@gﬁg@ogﬁé%ﬁ M%%g %{( lﬁgr%llv% r%s g%ay resu(:ft ihre (Pu'c%d B@%er

conéurhécpw teakioar BI70WHEYre6élPingla@ udthdlwidebandesi gl iniithina ffed
the energy fromthe additi onalémﬁat hs of the multi path

bandwtdtl@ taw pass filler/indegratonitghbandwirdih.dn some wmpadisnants, P’@B’ be
bet\%{% usa?&hx}/dhlgﬁp q‘l@ld%ﬁﬁﬁ%‘&?p}: rﬁ’{ﬂf%r“ QfaribPe-AERRith low pass

OW pass

ﬁlt%ici)ﬂltégifalédr Mggldvfor Bhfoesd Rcghar pe@fbrdmlm lin dEferénsignake
performance in particular ultra w deband,. si gnal )
envEPRIGERLS aﬁgrevm@fléﬂﬁcweﬁ ofvdggioppll; i some gm %Qegﬁrme wideband

dela}ﬁeg&?&gg‘;}g rnlld(}let g idsfed tl()) szﬁ{_%'] Qﬁeﬁ&’elw feh ﬁllT)%sedacq{jﬂhE rQRiRE data

or 4 it err r detector 401
ratetrdy thie maong] @dsome enttedimiéngs, taalinaeso dud@;lrcase ppthe alata rats may be
the |.ow pass. filter/integrat.or

17
accqmmediaRARan leaging, ByoBIc & udahgis AM“PFB cdpgrfremapsg, For
exat AW hiroffnchfiSvitonvt1e @8 o flulfiieH diph-a Qéﬂ?écﬁbnsz dhigher dfta rate

sponse to bit error rates detected. Based in part on
mayhesuppbrtedbyotherrateevertlﬁé bit error detector 401 may

pa slg eflé{rlr%&r;)%aﬁt é%‘}fgsg% u ?r%ewlﬁa)ang %ﬁgé%%}a?pglfse %rgl%nlni&y 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
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
ultra wideband differential pulses.

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

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



217 to reduce the detected error rate. The | ow pass
filter/integrator 217 may have di screte bandw dth
waedmtionFss whi ch may be sel ected, in sone enboRPCTERL083/027274
by bit error detector 401. In other enbodinents, |ow
pass filter/integrator 217 may be generally variable
30 between an upper and | ower bandwidth [imt and the
bit error detector 401 contriols the bandw dth of the
var1|aQ¥YlsRﬁ§r%frBin| trefs/ihtBh RAAst Ihe hddl dlA1asoPeT ANRER hiodifidations
ot her WD 2004/ 021595 PCT/ US2003/ 027274 -6 )
andentiatdinsesn fall withia the truespiot andeiceps of thispressalinpention.
repl aced by a digital or anal og synbol error
detector. Acquisition and synchronization of ultra
wi deband signals nmay be challenging due to the short
i mpul se nature of the waveform Wth a | ow pass filter
bandwi dth that is less 5 than half the sanple rate
(Rs) of the ADC (i.e., Bf < Rs/2), the digital
denodul ator may performdirect digital matched
filtering in order to detect packets with a single
preanbl e sequence. For exanple, a 100 MHz PRF (Bp)
may be detected with a 200 Mz ADC and associ at ed
di gital denodul ator and allow for a packet-by-packet
denodul ation. A relatively | ow sanple rate may
provide a reduction in a power consunmed by the
receiver 10 107. In one enbodiment, a relatively | ow
sanple rate may result in reduced power consuned by
recei ver 107. When receiving an ultra w deband signa
with a fixed bandwidth |ow pass filter/integrator
the bandwi dth, in sone enbodi nents, may be between
around Bp to considerably higher Bp. However, a
vari abl e-bandw dth | ow pass 15 filter/integrator may
all ow for inproved receiver performance in different
signal environnments as previously discussed.
Additionally, in sone enbodi nents, the w deband del ay
el emrent 213 may be adjusted to change the delay |ength
based on the received data rate. In this manner, in
some enbodi nents, an increase or decrease in the data
rate may be accommodated again |eading, in sone
enbodi nents, to inproved perfornmance. For



20 exanple, in environments with little or no
mul tipath signal reflections, a higher data rate may
wheowopsest ed by the receiver 107. Referring np@I/U82003/027274
Figure 5, an ultra wi deband differential pulse
transmtter 103 may include a digital block 501 that
may i nclude a preanble generator, a clocking control
and a differential encoder.-8Fe digital block nmay be
Whetaypliggheto a bi - pol ar nodul ator and 25 pul se generat or
503 and to a clock circuit 505. The nodul ator 503 may
be coupled to a band pass or high pass filter 507
t hat may Lo the antenna 105. As was
hock, s Peecfb Biifhidfe L N, A0S gure 1, the
transm td @diolfdQueryy iepetpde digital data into wultra
wi deband differential pulses ile.the present
i nvent i cﬂﬂd‘ﬁfﬁéen%léi‘?rr&{?%rcplﬁ%lﬂd Wv&ﬁr ¢ B@&‘l‘e“% MPULi 1 t ed
number of £ 3QoGHRPH ME QifforerdtRPeSirlbl;l8d 1 n the art
wi || appreciate nunmerous nodifications and WO
5 2004/ 02 1:645itRAEMISRIR®3E co@av®w the filtomoireddvendigital data from
t her om. It is.intended that the appended cl ains
recedﬁ?’e‘flffgﬁelm‘%@é’llfeﬁb%’ia ications and variations as fall
within the true spirit and scope of this present

i nvention. WD 2004/ 021595 PCT/ US2003/ 027274 -8- \Mat
i s X ai nBregeives as drelpipel wherai theididerential cagelgtor includes a

frequency i npug ; |fferent | orrelatqr I -
cer{EERSH Rt N SRR SRR v
secélid feediead pudde. correl ator; and 5 a digital denodul ator

coupled to the filter to recover digital data from
received differential pulse signals. 2. The receiver

10 as 4n Clﬂer?eéeei}"\%)e/aggr}aaﬁxbg vl i SRt 'etlaoﬂfa{tlﬁleﬁwfhfe_ﬁrst

i ncl'udes™ a enent and a m xe elay a first
recdieigpulechbyappseximaelynone sylmbobsdranded pul se with a

4.  Thereceiver as in claim 2 wherein the filter is a low pass filter.
5. The receiver as in claim 3 wherein the filter is a variable bandwidth filter.
6. The receiver as in claim 2 wherein the digital demodulator includes an

15  analog to digital converter coupled to the filter to sample an output from the filter at the

symbol rate of the received pulses.

7. The receiver as in claim 2 wherein an error detector is coupled to the digital

demodulator to change a bandwidth characteristic of the filter.

8. The receiver as in claim 7, the digital data error detector to increase a

20  bandwidth characteristic of the filter.
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second received pulse. 10 3. The receiver as in claim

2 wherein the delay elenent delays the first received
w@eioge213y5 appr oxi matel y one synbol period. 4. A¢EUS2003/027274

receiver as in claim2 wherein the filter is a | ow

pass filter. 5. The receiver as in claim3 wherein the

filter is a variable bandwidth filter. 6. The

receiver as in claim2 wher-é@in the digital denodul ator

I naj, udesTiYeddivardndain®7 ahetigith]l ERNMEST Etectsrtp dededse a

the filter to sanple an output fromthe filter at the
bandyidilo Pharagterishic of e fileesei ved pul ses. 7. The receiver as

in claim2 wherein an error detector is coupled to the

digital denodulator to change a bandw dt h

chartact eThesteteivefas iheaiii | whereiBsaid heeiver Biatemsasvar mncluding a

claim7, the digital data error detector to increase a
trangteindwi dt h characteristic of the filter. WO

2004/ 021595 PCT/ US2003/ 027274 -9 9. The receiver as

inclaim7, the digital data error detector to

decrleas eA metianafutcHiting h ardae frequenty sigodl cohgrisingt er .

10. The teceiver, as fn cl if 1 .\/\/gerei sai d rece

s a tr dHiSEEAR ATRUNGRE A RLRAR Fedfncysig

met hod Fﬁoﬁe@&iﬁ?%@ﬁlt@ed Al AnplIfRAURTEEn G4l FAdEb frequencr signal

conprising: filtering and anplifying a differentia
utilizingi adiffeeegtielmoyreliternal  havi ng pul ses; correl ating the

Si gnal W PEIR e R PUELRHETLR R bR o

pasé iRer¢@id el ated differential radio frequency signal
utilizing a low 10 fglass filter; and denodul ating the

filter ecieoendubatiag dhe fdfaredeastrlated diftemnyal radip fsaugney signal
utll%Iir%'?JgrgltﬁJ egﬂo?l{lﬂg)r"i’o fjéc%érglh %%F ?Ee}g ot tcé{:elggc? glg%?éﬁﬁﬁl pulses.

a romreceive renti al

lhi\%lg pulses;

12. The method of claim 11 wherein correlating the differential radio frequency
signal includes delaying a first received pulse and mixing the delayed pulse with a second

received pulse.

13. The method of claim 12 wherein delaying the first received pulse includes

delaying the first pulse by approximately one symbol period.

14.  The method of claim 13 wherein filtering the correlated differential radio
frequency signal includes filtering the differential RF signal with a variable bandwidth low

pass filter.

15. The method of claim 14 wherein filtering the correlated differential radio
frequency signal includes utilizing an error detector to change a bandwidth characteristic

of the filter.



12. The nmethod of claim 11 wherein correlating the
differential radio frequency signal includes del aying
w@2donsis9T ecei ved pul se and mi xi ng the del ayedP@uiismo3/027274

with a second 15 received pulse. 13. The nethod of
claim 12 wherein delaying the first received pul se
i ncludes delaying the first pulse by approximately
one synbol period. 14. The-mgthod of claim 13 wherein
filfgri nﬁlet HEhE@bF Bhidt e85 wHEdelPd@idudltin ?Qﬁ’é flterbd BSHHAREY
signal includes filtering the differential RF signa
dlffwenhalaad/larfreqbd:re:ybmidd/ﬂswtl zingan apgoptasdigital qoevertexsouprﬁbto the
od of cla erei t the correl.at
findiFs et GpSip Ry ARl Fithd eckiiEn RS bR fiftrea
corféldtdd diffegnaal (RideS! det ect or to change a bandw dth
characteristic of the filter. WO 2004/ 021595
PCT/ US2003/ 027274 -10 16. The nethod of claim 12
in I ' : :
ai ter erprancadeE el IEuhbih ARt BRI Bt g 2 diferenia
radlarfﬁiqlﬂend yGigtal hévihg pm@esenctledescfﬂtﬂ:phg dnd amphifying a tlifﬁerenitlal radio
, at approxi mat nbol rate
frequgpgy e payaes, bartl%ldgu di Y‘é‘F‘gB hegygnal Senier ‘%?W%‘%Ye%mt%q than
pspulses. 5 17. The nethod of claim1l wherein filtering
and anplifying a differential radio frequency signa
havi ng pul ses includes filtering and anplifying a
differential radio frequency signal having a
bandw dt h di vided by the signal center frequency
greater than .25.



