U tra Wdeband Receiver Architecture Using Hi gh O der
Gaussi an Pul ses and Met hod of Operation Background
The present invention relates to receiver systens and
in particular to ultra wi deband receiving systens and
net hods of operation. Utra w deband (UWB)

conmmuni cations are emergl ng as an |rrportant pr ot ocol

for provi .Iow nul ti-path
resilient ﬁéﬁﬁu\gf @gff}lgﬁ ecg\xgr g,lre $H8Ests of a
train dflighkOrderGaussiandulpes and ethyidoal Operatiarhe

order of 0.2 - 2.0 nanosecond (10-9 s). Usually, the

transmtted pul se (typically Gaussian in shape)
&’ﬁtﬁf—’é&nts the nodul ation or baseband data, and
T}@gﬁesreﬁt nmuon%ﬁtésvt%t REBy & SstcARR e Bﬁﬁmll Qideband

arrier-less" systens, I'at’i on sign
rewbﬂng‘sys&msiaﬂeﬂethoﬂsmf@pbmhorﬁrequency for transmn ssion.
Further, as the pulse period is very short conpared
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over, entir orpar.e to th
Fif ol & HhoRpGRECY ol ARy SRR Bag g an. The
sydterarnoo endudveal T WiBdntenna€i0g] Rent-dpdrfilRr M) dnplead espRfier 106,
nal to noise ratio (SNR) requirenent on. the

hi gh si
COEBllﬂtoa 1&81 apfl paskend cqguitts 120¢ eP\l}@Pg BRCP B THeh E&VB \apgaal 11 is
coffRLESY i PWH SRLAUED: M #6048 Hlieck 611 b (1M G input

IS Oopera le to provi t he necessary si galn ‘
bamlwﬂd&l prdefednedbbignal esthecgth gt tithageSiiRueadies.r €cbrfiendnamplifier 106
prgvri(?er;ta_cls{t]i%nal signal strength with some addition of noise. Importantly, the front-
end amplifier 106 is required to provide sufficient gain over the entire UWB
bandwidth, which may extend 1-7 GHz (x 10° Hz). Such a large gain-bandwidth
product is difficult to provide, and typically results in degraded performance over the
entire UWB bandwidth as compared to the amplifier's performance over a narrower

band. The front-end amplifier's marginal performance places a high signal to noise

ratio (SNR) requirement on the correlation for adequate receiver performance.

What is needed is an improved UWB receiver architecture which is operable to provide
the necessary signal gain while preferably reducing the SNR required from front-end

amplifier and correlator.



anplifier and correlator. 1 Summary The present

i nvention provides an inproved UAB receiver
architecture which is operable to provide high signa
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These and other features of the invention will be more clearly understood when viewed

in light of the following drawings and detailed description of exemplary embodiments.

Brief Description of the Drawings

Fig. 1 illustrates a conventional ultra wideband receiver known in the art.

Fig. 2 1llustrates a graph showing fractional bandwidth versus signal order of a
Gaussian pulse.

Figs. 3A and 3B illustrates an ultra wideband receiver and corresponding
method for processing high order Gaussian pulses in accordance with one embodiment

of the present invention..



Figs. 3A and 3B illustrates an ultra w deband receiver
and corresponding nethod for processing high order
Gaussi an pul ses in accordance with one enbodi nent of

the present invention. 2 Fig. 4 illustrates a graph
showi ng the tinme domai n waveform of a high order
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General Overview

As known in the art, a Gaussian pulse has the form:

)= (1-2(m) (1)

Eq. (1) represents a 0™ order Gaussian puI'se, and higher order pulses are obtained by
differentiating the Gaussian form shown in Eq. (1). For example, a second order pulse
is obtained by taking the second derivative of Eq. (1). As used herein, the term "high

order" in the context of Gaussian pulses denotes a signal order of 2 or higher.

Fig. 2 illustrates a graph showing fractional bandwidth versus signal order of a
Gaussian pulse. As shown, the fraction bandwidth of the pulse quickly decreases with
increasing order. In particular, the fractional bandwidth of a 5™ order Gaussian pulse

is approximately 50% of that of a 0" order Gaussian pulse, whereas the center
3



Gaussi an pul se. As shown, the fraction bandw dth of

the pul se quickly decreases with increasing order. In

particular, the fractional bandw dth of a 5th order

Gaussi an pulse is approximtely 50% of that of a Oth

order Gaussi an pul se, whereas the center 3 frequency
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+' ~Channel - noi se (3) ere the superscripts are the
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passes through the first integrator, the response is
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the interested

The received signal with AWGN may be written as:

S (t ) S Gassian (f ) + S OAWGN = Gam‘smn (f ) + S channel _noise (3)

Where the superscripts are the order or the order related variables.

When signal passes through the first integrator, the response is as:

S0 = jh(z 7)S, (r)dr—jh(r )83

Gaussian

(t)dz‘+ Th(t—T)SOAWGNdT (4)



signal. Furthernore: +00 J h(t-r)S ,stan(t)dr =
SGanssran(t) Gaj -00 (5) The second quality to the
right of the equal sign in Egq. 4 is the response of
the AWGN. The AWGN i s passed through a linear tine
i nvariant system produci ng another AWGN. The nean
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[ {6) Jhe dgvi n gives the anplitude or Energy
Iﬂ? %ﬁ%ﬁﬁﬁ Tg%aHSW@W§Q in time domain, and (5)
“accordi ngly, one observes fromEq. (6) that the noise
in not anplified. Therefore, the input signal to next
i ntegration stage can be mwitten as: 4 (t) - 54 (t) +
' channel naqise (6)
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The deviation gives the amplitude or Energy of the Gaussian noise in time domain, and

accordingly, one observes from Eq. (6) that the noise in not amplified.

Therefore, the input signal to next integration stage can be written as:

S ; (t ) S Ganssian (‘t) + SA WGN — Gmmmn (t ) + Sckanne! _noisq (6)



S (t) = SGicrsian (t) + Schannel noise Thus, the

signal's formallows for relatively noise-free gain.

Further as known and will be shown in greater detail

bel ow, the integration of a high order Gaussian pul se

to a |ower order signal produces a significant
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is enployed in the present invention to process high
order Gaussian pulse signals in ultra w deband
decekLvers e architecture and operation of which
S”a(?)e" 'E@W"" qf%'ggmme’d{wﬁeU\/\B Recei ver Architecture &
Operation Fig. 3Aillustrates an ultra w deband
receiver in accordance with one enbodi nent of the
re ent In ent| il lustrated, the UWB receiver
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UMB antenna are known in the art, however;

freg rsggnahgaéﬁ 630 Be pcluevige This rrppse i eploped,inrthe pme@msnventmn to
{ |
pr(%@%ésclhgh %r&?@aﬁ@&ﬁ@@%egglﬁa% SNty wAARHE ?’e&%w% IR archifebrure

pdar ticul ar um nay be use ann
an@Operation dfewloth areynopepresentddar f| lter type (e.g.,
hi ghpass, Iompass bandpass, bandstop, etc.) operable
to provide the desired attenuation to the received

UWBGecefvdeA rdhiteSfre mpﬁddmbe further shown below, the
I nt eqr ator group provides a significant anmount of
Fig. sAatllugtntgs %NE@- Wﬁi@balyi asivergiai agcordpugs Wlé]@l ao¢ mgbodiment of
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|on Accor ne enbodi
304,ex eharmel Hl6r 006, ﬁ’jt@iiabr gmmhal Flioc at S)@Bhr()mz@tlon airdu@d320, a
nQi se I |f||er or L’\@Q 6_.ahead of the integrator
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a l-ﬁgg?ygt&e @ﬂdré% 2"@;%%1‘66{%?ghﬁslsféﬁn@&&ﬁ%&@pﬂ@("lﬁgﬁ%rﬁ’&%ﬁsé Qerein),
the frequency spectrurln of which is 3.1-10 GHz in the United States. Various types of
UWB antenna are kno;wn in the art, however, any antenna structure or similar receiving
means which is operiable to efficiently capture a signal over the particular UWB
spectrum may be usedi.

Channel filter 306 nflay be of any particular filter type (e.g., highpass, lowpass,
bandpass, bandstop, eztc.) operable to provide the desired attenuation to the received
high order pulse. As will be further shown below, the integrator group 310 provides a
significant amount of irelatively noise-free signal gain, thus reducing or eliminating the

need for traditional fr:ont end signal amplification. Accordingly, one embodiment of

the UWB receiver 30Q omits signal amplification (e.g., a low noise amplifier or LNA)
i
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limted to an architecture which omts an anplifier
ahead of the integrator group 310, and a LNA can used
to provide signal gain to the high order pul se 305
before the signal integrator group 310 in an
al ternative enmbodi nent. In such an enbodi nent, the
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order Gaussi an pulse 315 ("l ower order pul se" herein).
In a particul ar enbodi mrent, the |ower order pulse 315
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further enbodi nent, the .
The integrator group 310 optionally includes an automatic gain control circuit 316
which is operable to control the gain of one or more of the integration stages 311-313.
Particularly, the AGC circuit 316 has an input coupled to receive the lower order pulse
315 and a control output, whereby the AGC circuit 315 supplies a control signal 317
operable to control amplitude gain of the integration stages 312 to which it is coupled,
based upon the amplitude of the lower order pulse 315. In a further embodiment, the’

automatic gain control circuit is operable to control, based upon the lower order



automatic gain control circuit is operable to control,

based upon the | ower order 7 Gaussi an pul se, the

integration tine period of the one or nore integration

stages to which it is coupled. Further particularly,

the integrator group 310 supplies two synchronization
szsgmapglse,t the infegnation dintbeperpndl afothd kmevdri mbreainttigtdtion atdgyes to
W Ul_b(%tl ons gs a fine synchronization signal, and a
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r [ I U%ﬂ?
Sﬁﬁsfﬁg%éﬁaa&) E%‘ srtelang]fongg]ag r% ut}‘ on?if WIS recc Iel\b/ IStfmS
fabricated off chi p and coupl ed to the i nt egr at ed

circuit v connec i Oon means such as bond wire
In 2 nagiam ar@aﬁwém Péntﬁﬁétoﬂ ISP 3 d&ﬁaﬁé/aclgﬁ{ueﬁtm em@lt 320,

cofBt 8381 C Bt ki&a’co‘? ey ‘%%ee Hlpnglﬂﬁlcﬁfl? SRR tnOREEte ﬁrated circuit.

I ntegrate urt may ricated using a va
Thef channel filter 306 may be included in the integrated circuit, or alternatwely,

fabricated off chip and coupled to the integrated circuit via connection means such as
bond wire or ribbon. Connection to the ultra wideband antenna 304 may be similarly
achieved. The aforementioned integrated circuit may be fabricated using a variety of
different semiconductor _processing techniques, including CMOS, BiCMOS, SiGe,

GaAs, as well as others.

Referring now to Fig. 3B in which an exemplary method of the receiver's operation is
described, initially at 351 a high order Gaussian pulse 305 is successively integrated to

produce a lower order Gaussian pulse 315 (lower order pulse). This operation is
8



di fferent sem conduct or processing techniques,

i ncluding CMOS, Bi CMOS, Si Ge, GaAs, as well as

others. Referring nowto Fig. 3B in which an exenplary

nmet hod of the receiver's operation is described,

initially at 351 a high order Gaussian pulse 305 is
ackigeasysinoaisyf it istpgeaterdzroup 3 1, adwhiehawb onsoremtieration stages

si an Ise or der ulse) Thi s eration
173 W frRlacPenPetin GG it Sherkibpaltore B Gei Rssabodirent
thaviugberd WP 1@63%1131361@ stape€ BN a13119 MY R6E ind Jhd -mdrbeR I MgSltive

to performt integration operations. In a particular

SugiFheR Hisarations erfagmesk preotuch thas ghairgesived thigheerden pulsg 305 is
red%fc@y {od E gth ﬁﬂﬁr EVQE ::ﬁlgg ﬂf r£39 IEO%%LM{O%F tﬁg %&g ?{]Ic\é‘gtllﬁle aﬁnod

I ntegrati ons aré’ suc

foroead:hrmtegfaﬁens’i @t’égd: S 11-8&8! ugagdthie Gubstéhtialie rtHe Eaxffa s glifféent, one
ul.se 31 As not ed above, the integration tine erlod

BHTaERE T e lafigr spsechring fusgessyely. longer dafperatien periods in order to
caﬁtﬁféﬁ{l&%tdf Ad dctdisive %%d&f GallsEihg [ﬁf&tdionﬂp{eo%ulgém odi ment

of the latter case bel ng successive
integration periods in order to capture nore of the

NGESIR o eor i rufse e pertneed B el eed afael 51, esting
thd &neFa806H 8f § t&P@hted 3dtpuf ﬁgﬁﬁﬂ 'rﬁﬁ oJpBratibf8n Q%B&ﬁﬂé élﬂﬂocﬂlfnent

a correl ated out put sSign hi s operati on,
is epvaed WIGH éﬂm(ﬂ@ﬁ ¢rsrelator quacunéﬁﬂ éHigoRB. iAn 343 Uye t:dn'eelated output

. uit 330 of Eig. 2B. At 35 t he

sigBf 188 Spaf Kiibe of ior8 predsfined it in PR et ooy data

stream 4P wbitbfrefresenyathe afduRtiph 88HC FhabnObk Mbie (Hidicfined values
stream 342 ich represents the nodul ati on data. The

mayrhe aoﬁxqﬁlﬁioéta&fr edbroshrld volypya s dyramriadiesting valye gontrllgd by
ciglal i RN U feon B Sl REGNr B B BBl 340 i

operablpan senstrhiot 2@ dutiart daasecarh wethcinpatet)orhidld Corkdate closest to
operabl e t ruct an out data streamw th bit
thfifg f@ﬁe%g]i‘ rf?ﬁ)art? PUPY 1993528t to the signal state
of the correlated output signal 335. Operation 351

optional 'y includes various additional processes in
Opgeation dan optionally inpladesprasiounndditionah prasasses in agserdance with the

pre%%oﬁkrgﬁ{& inh Sng léﬁl%%ﬁ‘ye\ﬁ? t'hg tmel reggll Ot é‘gt;l: esRrocess 1nf:ludes

Sy nC roni
prdiﬁlﬁmfgr gmat lﬁﬁel s@&thr@fuzhﬂitﬁl SL@GESS;S Vigom i the elgstabf nﬁb successive

processes, and éléﬁ a coarse synchroni zation signal
mtS&r&tl?& BiPCSHie: AR a goqgse yeluaaization -“rlﬁ%f’ééllﬂuﬁioﬁ'gano"her of the

su@é%ﬁ?&%rat%pﬁ pRoeBseRN 1 TRAUNER 0ditBR, BRIoRERLbA Bperation of

operatio
352 includes the processes of generating a reference synchronization signal based upon

a supplied clock signal 321, the fine synchronization signal 315 and the coarse
synchronization signal 314, producing a pulse-width modulated version of the lower
ordér pulse 333, and using the reference synchronization signal 322 to synchronize
integration of the pulse-width modulated signal 333 to produce the correlated signal
335. In a further specific embodiment, the comparing operation alsd includes using the

reference synchronization signal 322 to synchronization of the comparing process 353.

In a further optional embodiment, operation 351 includes controlling the amplitude of

one or more of the successive integration operations, using an automatic gain control
' 9



352 includes the processes of generating a reference
synchroni zati on signal based upon a supplied clock
signal 321, the fine synchronization signal 315 and
the coarse synchronization signal 314, producing a

_pul se-wi dt h_ nodul at ed version of the [ower order

cirgwit 4 £6.35Bsuch mg operatign.tthe prastssriaclvdessperiving thezlatieonrder pulse

[ S -0Ni LNt e , on of e .

313 sl st el Do SRR o S B9 3L B sirel B pgnpticnde of he
integratien atagel AlgadtiveB3M opdfationf 391 hes astBRGHE igin control circuit
enbodi nent, the conparing operation also includes
OPgraI go 1oRairols bpsediea thg drernioraErussianinyirgl theoiptegeation time

' j : [ 53. In a
P L Ohe B ol lealsn SR PR SEETRIC, | e
controlling the anplitude of one or nore of the

[ i nt [ ti [ automati c
Fugitt-ORtigney < HOH ARRTG, it methop cluitssiae] JBEPSFRUSH. Pridido the
sudUeOH RS Titdghit dndferativs §h 85 N9 CriiGsibRWEH si g0 %ipﬁﬂl:%&%ﬂ’?’é for

and, based thereon, outputting a control srgnal
lowempower ednsumpiion tand eredticedheircuitnsiegr feafuors whiaheare especially

T b R S N
mdydinCfﬂbﬁ&lrto@apﬁaﬂnaﬂ tRelkigBal dafifprofided vat ﬂ'hg %t&%rgﬁmogﬁ 310.

eriod of the one or nore integration stages

0 the methpd) iseludgs franrend appliBentionytha gaindrasdwiliio productid such

i ' i LifJcation prior to the .
o 5054 808 pEITES Ty, B0 Reou B s e Rbsh el ot Spibuigp most
of tiegreadedavignial EhiaaFop axamhple\ViBorh-@fid aPWBEatid@Wedy be bandlimited to
nption and reduced circuit size, features which

cons
a rﬁlragvé¥ PEEP Y1 1eglon £ Bm UAHE ssctivin. astthe signaldntagrasion process in
358 bcHfded s@ffcict bih B4 et dmailihORwB §?5ﬁ1§ﬂ i fication

may be enpl oyed to suppl enent”the gai n provi ded
via the integrator group 310. Wen the nethod

.inckudes front:end a i-f.ication, the.gain-handw dt .
Figy AONIE ey B0k SBen Pt R srih seSihdl oba b atics pavssian
puBs dshie is ipgiaksetl iy eHealnkPRatRnOS8ESE ORI BUbeSorddst witll the

t he needed signal gain. For exanple, front-end
PregeRfIinYengiani dmaceetsl Obowa tlen wavafemn o5 a 3 pulenpilvepyd trace 420
2010 S].g
L o bl e SBPEEL L B Sl o, 4
450 wadt 460epreseri3h 21, 1\BdO arderpuise Fiayefofmk I eypettiales a

raph show n he .ti.me _domai n, waveform of. a 5th arder
Ascdai 08 seat \{gﬁlﬁ% "PERK igngl amp 18@@§%%8ﬂ85§/Wftﬁée?rﬁ%%rg& signa) qrder,

thepdtAGRSvidihk idckask sidaAPafiance with the present
i nvention. Trace 4I0 shows the waveform for a b5a

order pulse and trace 420

Fig. 5 illustrates a graph showing the time domain waveform of a 5th order Gaussian
pulse train as it is processed by an ultra wideband receiver in accordance with the
present invention. The simulation was performed using MATLAB® 6.2 simulation

software with ideal receiver circuits described above,

Trace 510 shows a train of high order Gaussian pulses, trace 520 shows channel
additive Gaussian white noise (AGWN), and trace 530 shows the pulse train received
at the UWB receiver including the effects of the AWGN. Trace 540 shows the

10



shows a resulting 4th order waveform after one
i ntegration operation. Traces 430, 440, 450 and 460
represent 3rd, 2nd, 1st and Oth order pul se waveforns,
respectively. As can be seen, the peak-peak signal
anplitude increases wi th decreasing signal order,

pradessed pylsp train aften gracassirepisedie sntggrator gedup.3 18] and thace 550 shows

o PR 5 B 5 R By SN e
530 6AE 856 8How YhaA theibrb Ecdsed o @.@&@qu?e@ﬁ ﬁité?ﬁtldgﬂh@ﬁ%ﬁr&@é?%ﬁlse is

Wlththe present i nventi on. he si mul ation was
effgetieoimaviding gewmseng)lalsgegn Anchmaiss eppressionting enabling

el hSRE i R SR P b el B o T ace

520 shows channel addltlve Gau35| an white noi se
(AGW), and trace 530 shows the puI se train received

recei ver.incl u&'@ g@ effects of the AWGN
edige

Fig, 6A dligsiie . gephan haingy JRAI Vavefrm Qf taehigh order

Gaﬁﬁﬁﬁﬁﬁlﬂb@gaﬁyaﬁegﬁd'%rﬁglruaﬁa@ﬁ afld 944 @é‘%tﬁ@ﬁugsﬁﬁfﬁm?égffects
shows™ the processes pulse train a ter e corre

as at g pireceS®A. byThae die ayidebandi megkivet yntacemda;nce5®ﬂh ahe present

e S R KBRS S Bis sqwed by e

UWBOguldiélﬁﬂs “elthe Danel St@dal THRIUWBNEcdPdrSRass IRRIRSP LR the
t hus enabling signal reco-%ery with high sensitivity

abeyeleperibericirorits using Mt L 2 sppglatigpsafitaret r at es a
graph show ng the tine domai n wavef orm of a hi gh order
Gaussi an pulse train affected by multi-path and
addi tive white Gaussian noise effects as it is

Trameot ks stedvshtheatimal donzainivebsbfomd o a efifite orden mn‘,seotrdaneeeived

wtht present invention. The transm ted s
op S e R Bty D5e PTE lepaia WoN
noBbicfeirdMRst] Mrhbe 63 ish&Ges NiE trmeafké&‘\%lé %ﬁ@ngt%f HRD 310
simul ated using the above described circuits using
upFeIApietion gf five sragkssivicontegttionarecesses.adead 13 Oshows thmleulse
ft. I t
eaft, F 0 T 8 Slerefuflood 3or PaCABE sBdeiiyn KR0Very of the
mddabnistidatai ng source and in a nulti-path AWGN noi se
environnent. Trace 620 shows the pulse train after the

integrator group 310 upon conpletion of five
successi ve int egrati on processes. Trace 630 shows the

Fig oBsidluststes s gwph shewisgthuBESr astnBinelénn of inpet SBdor the UWB
rec'eR@l‘ 860 uOQnbYf ﬁueﬁ%f @JX rg¢ &%%Jné/ tlﬂef Bﬁﬁeresponse indicated very good

performance.

As readily appreciated by those skilled in the art, the described processes may be
implemented in hardware, software, firmware or a combination of these
implementations as appropriate. In addition, some or all of the described processes
may be implemented as computer readable instruction code resident on a computer
readable medium (removable disk, volatile or non-volatile memory, embedded
processors, etc.), the instruction code operable to program a computer of other such

pré grammable device to carry out the intended functions.

11



nodul ation data. Fig. 6B illustrates a graph show ng

the BER as a function of input SNR for the UAB

recei ver 300 described in Fig. 6A. As shown, the BER

response indicated very good performance. As readily

appreci ated by those skilled in the art, the described
Ther duregaing dasgripion jhap|hese npresenitad o dweroses 6f fimstraion and

[.rwar e . i ion,of ..these ..i npl enentatio as .
delrlURY Ot W ndh i R0RANB bRl O P & i PR e ot Ahasgigeise
foymn dizelosal; and@Yvibesly MngTREdiH6atRGs GAdTRA Afons a@%ﬁmle in light

h@gtruct|on code resident on a conputer readable
of fhei fisrlrpsdeieachung. e The grscribsd gmbpdimsnts,waroyaiosen ineorder to best
, . . i.nstruction
xR prt i Cine ARGAGE B irs Thfibal SOMBOAR e8] enabic
othmrosjiledrabihe adetoitest wtdizeahd jnventior mevarioteBiBAdiments and with
.11 The faregoi descri ption has been

f.uncti :

V%P‘é%’élﬂﬁ@ s 35 guted fz«';rftﬂig PRiSHIan i ponteraplated. It is intended

thad @RS isBipeORE e HrfveliQdn | BY GREREL 16 Rfe e&iEﬁ@iéStaP%&dg& h&eto.
limt the invention to the precise formdi scfosed,
and obvi ously many nodifications and variations are
possible in light of the disclosed teaching. The
descri bed enbodi nents were chosen in order to best
explain the principles of the invention and its
practical application to thereby enable others
skilled in the art to best utilize the invention in
various enbodi nments and with various nodifications as
are suited to the particular use contenplated. It is
i ntended that the scope of the invention be defined
by the clains appended hereto. 12 CLAIMS Wat is
claimed is: 1. An ultra w deband (UAB) receiver
operable to process a high order Gaussian pulse, the
UWB receiver conprising: an integrator group having an
i nput coupled to receive the high order Gaussian
pul se and an output, the integrator group conprising a
plurality of successively coupled integration stages,
each integration stage operable to integrate,

12



over a predefined tinme period, the signal received
thereby, the integrator group operable to output, in
response, a |lower order Gaussian pulse; a correlator
circuit coupled to receive the | ower order Gaussian
pul se, the correlator circuit operable to output a

CloAME| at ed out put signal corresponding to the
r.rel ation between the | ower order Gaussian pul se and
Wgﬁﬁéglaléﬁdﬁ%d reference signal; and a conparator

circuit coupled to receive the correl ated out put data,
the conparator circuit operable to conpare the

L. cor F¥Y Bifre gvidehagd (U¥ER brecei verrpemblaierocass adieghi order Gaussian
Kal MeESaN . .a_data stream representing

purm’duFati or{e%g‘t%g%olgs{jﬁgg'hi gh order Gaussian pulse. 2.
The abMBtegeater \peoupothacingi m Inpwhesupled enabeedfe tRe high order
successivel y, coupl ed | ntg_gr ation stages is operable

Gatu_BSI?Ihtp af¥ tHe OUiPYhathCollieraioh TR iCaMPyisingen spiplity of
suédeBBvel PROUAE infegrdditfh $MRs! @alcbﬁgﬁﬁ‘s bn %{a?b g:qg:rab gg;iﬁfiegrate,

each of the successive couple nt egratl sta
oveperprodefined fime guriat e theheigsalgreatived chireted thbanebyat@vgioup

a pective successively |onpger. ti eriod. 4. The
Opﬁf\%@%§[§8‘éﬁp{}éﬂn BFPYISS; %OT’,GT 6&48‘?@ YFsiag pu & recei ver does
not al setdlder Bircii BEMled P rdcbiverthe WWELCHdRP @%%s‘?iln piige, the

i ntegrator group. 5. The UMB receiver of claim1l,

corrglator ercwib aperaklerig oatpsy aciershicdaeutpyt signat gotrespopdingid ethe
Hr oo . ! | _
col aBTBSALE: B L NS5GANPAR ) 35 APR R0 ey s

andoupl ed integration stages conprises a fine
synchroni zati on sj 13 wherein the output of

gnal ;
anoBh EPIPATAOR CITCHE e 6FIS o i TEERIES thoroPElRisd quipshdate, the

compRatt QAR ldpRbR #Bbmpl dhd 6t Fn!%dtd?l@put data to ppe or more

synchroni zation circuit 1s operable to Tecelve
prédiefimedaveduasdar smstrastractataosticant iepresaitigp alalubatidn dawl of ¢he high

i gnal . and based thereon, produces the reference
Orieﬁg%ﬁf’szﬁﬁ pgx%el. on signal .

2. The UWB receiver of claim 1, wherein each of the successively coupled
integration stages is operable to integrate the signal over substantially the same time

period.

3. The UWB receiver of claim 1, wherein each of the successive coupled
integration stages is operable to integrate the signal received thereby over a respective

successively longer time period.

4, The UWB receiver of claim 1, wherein the UWB receiver does not include a

signal amplifier coupled ahead of the integrator group.

5. The UWB receiver of claim 1, further comprising a synchronization circuit

operable to generate a reference synchronization signal,
wherein the output of the last of the successively coupled integration stages

comprises a fine synchronization signal;
13



6. The UWB receiver of claim1, further conprising an

automatic gain control circuit having an input

coupled to receive the | ower order Gaussian pul se and

an output coupled to one or nore of the integration

stages, the automatic gain control «circuit operable

t o odrereinlthe batput ofipoothehef kmnsrtegpatiber staHs Soingitisp b S®arse

e i.ntegration .time period of the one or nore

Sy‘}l‘bnhtr%“d?aé’togékgnéﬁé‘a%s to which it is coupled. 7. The UVB

I eC&iheedin Ple Sndhidhikatidt! kALY is GPERbIStoNFeci PR HHRNMM coarse
configured to receive the high order Gaussian pul se;

syrghaorizationtsignalsapd dgelegk signaliand haptdethiercon,t iredunes dherraference
t coupled to the signal integrator, the
i,

roviding signal rejection at one or nore
predefined frequencies. 8 The UAB receiver of claim

1, erejn the sigpal. integrator, . the ) )
6 syn #P&MWSIH%PF elaing 1, fhes 6pBTisRg AN diiamatic, gaih gontrol
: . 0 j r
CH%??ggg?B%%éE@E%STﬁg§ig%g#gg%qggﬁcl%}%F%?G%ﬁ%relﬁhSﬂ%mian
oufpuk teupled iqgnad or nioeg phither intdghmionsyapekr thaiantmadie gain control

.ci.recuit he correlator cjrecuit, and the conparat.or .
cirgyif §ietle Sl tponihs fobist ouh Grat SAn A Ss, ¥ intpggation
tindARriof OF kheine ¥ nfdr@infRghatiodh@4cRk B #/hRh i1 Q¥esuédler

Gaussi an pulse conprises a Oth order Gaussian pul se.
11. The UWB receiver of claim 10, wherein the

i nt egr ri.ses.five successively coupled
7'intg%?i??@ﬁ%éﬁﬁgéﬁgﬂgﬂé=ﬁﬁ%?%?%n?ﬁ%“%igh or der

Gau af iafRnidit@Eigufed a6 raceilealie KR of def Gaudsiing@Nt b

stage_conprises a 5th order Gaussian pul se signal. 14

12. atiiter bapingeweing e caypled) tgjthe antenpy pxben ewippl Paipigy @ the

<P Lifi . _ it
R L R Al R
frequeeiosed UWB signal over a limted portion of the UAB
signal bandw dth. 13. A nethod for operating an ultra
w deband recei ver to recover data nodulated on a high

8. Or dghe GADWBI aBcddtdrs@fStclnal 1, t WRereR! hRE SRR iistefi@ior, the
successjvely integrating a received high order
syrshiizaiion sificyis, e gagplatog circuit, and the comparator circuit are formed

on an integrated circuit.

9. The UWB receiver of claim 1, wherein the filter, signal integrator, the
synchronization circuit, the correlator circuit, and the comparator circuit are formed

on an integrated circuit.

10. The UWB receiver of claim 1, wherein the lower order Gaussian pulse

comprises a 0™ order Gaussian pulse.
11.  The UWB receiver of claim 10, wherein the integrator group comprises five

successively coupled integration stages, and wherein the high order Gaussian pulse

received at the first integration stage comprises a 5™ order Gaussian pulse signal.

14



produce a | ower order Gaussi an pulse; correlating the
| ower order Gaussian pulse signal with a reference
signal to generate a correlated output signal; and
conparing the correl ated output signal to one or nore
predeflned values to recover the data nodul ated onto

12¢ he ﬂhﬁ@mrr@wvmmﬂmd futhee comprisidthe sigralmtblidier 3 @upled

uccessi v |nt rat co i ses
ahdel ol 8GRy AR I Wprite R Bl B e AR o resived
Uwemuue@aauﬂtdalpw@@fof@aamm BWa8widR. The nethod
of claim 13, wherein succeSS|ver integrating the

received high order Gaussian pul se includes:

13pr 0GR (fhd o rstir%ea\?:MEQ Q{l@éﬂaﬁ Qe tIRaLy & d%\%] b 08 ulated

| ast of the s ces e ra I Ng processes,
on (a| hlgh erden@aisseiag pnlshsignalz ﬁmlmﬂh@d emarisinigom anot her of

succe Sl ve | nt egratl n prO esses, and V\her el n
o SRR (HRaiagcs Toumtanh oRer Lpareip aplse Nignal to

prcﬁixﬁﬁ@ﬁ‘[d%ﬂ%r%?ddr@ﬁu%ﬂ{‘ﬁlls@ased upon a supplied clock
ignal, the fine synchronization signal and the coarse

syn@hmdnﬁlmthednwsr gz ;Gaupsigd pulse gigazlpwitb e wifatdce signal to
on of the | ower order Gaussian pul se,
ga%% g&%?ﬁaa H@ﬁgﬁgﬂeﬁ“¥eference synchr oni zat i on

Si gﬁathpirmgstlﬁfdﬁﬁ'&m&ieoutﬁ@tr §ighaA ttb Ve Ar hHR pro¥ined r\ﬂﬁfes to
Gaussi an pul se signal to a reference signal. 16

recouenibeidan madalatadiito tedvig erdenGaussien welsy. i nt egr at | ng
the received UWB high order Gaussian pul se signa
i ncl udes controlling, based upon predefined
l4chafaet aretlodi 0f chint he3,| eefeinr drRtesGRUBS llﬁtﬁglﬁtihg? ecompnses

n t he jnt ion time period of Qr nore
SU%Cﬁ% ‘éﬁhﬁé’&é“%‘i tipg b7 Ewéqul#@gﬁ%%q Blss togmoduge afy @rﬁ%rt%@smn
puRé. claim 13, wherein successively integrating

conprises successively integrating the high order
Gaussi an pul se si gnal over substantlally the sane

15P" e‘i‘ﬁé 'n?e?ﬁjod B¢ &9f:2 tlbo Bt successwely integrating the received high
order Gaussian pulse includes:

producing (i) a fine synchronization signal from the last of the successive
integrating processes, and (ii) a coarse synchronization signal from another of the
successive integrating processes, and

wherein correlating comprises:

generating a reference synchronization signal based upon a supplied clock
signal, the fine synchronization signal and the coarse synchronization signal;

producing a pulse width modulated version of the lower order Gaussian pulse,
and ,

using the generated reference synchronization signal to synchronize

correlation of the lower order Gaussian pulse signal to a reference signal.

16. The method of claim 13, wherein successively integrating the received UWB
high order Gaussian pulse signal includes controlling, based upon predefined
characteristics of the lower order Gaussian pulse signal, the integration time period of

one or more of the successive signal integrations.
15



18. The nmethod of claim 13, wherein successively

i ntegrating conprises successively integrating the

hi gh order Gaussi an pul se signal over successively

wi der integration periods. 19. The nmethod of claim
13, wherein anplifying the signal level of the high
17or ddfhe @atlenst f glaime 135 wintreipe stiaessitlyprintegratingt hemprises

T e TR

smhb@hﬁeﬁdefun@@mﬁ@qﬁﬂo@uIse is perfornmed prior to the
successive integration operation over a |imted
portion of the spectrum of the UWB si gnal 21. A
co e r dygt, d
18 Caaaes RO TCRACHS i ool PRBIER , camorise
suca@ssivaly mttgram@tbm ehugl-datdar Gmn:hsiaatpatke@ignal ereg Buecveskevely wider
Gaussi an. pul se signal, the conputer program product
INtEEHAHPR BSHRYS- i nstruction code to successively integrate
a received high order Gaussian pulse signal to
produce a | ower order Gaussian pul se; instruction code
19t o0 dderedthedeof Haimi blvovhensio emplifuss tharsignal keelsifghahigh order
with a, reference signal, t nerate a correl at ed
Gelfish sd i n8f Pt REPE tnabe BirCEie Teeebim Sr e
correlated output signal to one or nore predefi ned
val ues to recover= the data nodul ated onto the hig

2001 ddhecagiad @“rplﬁm K wigegein mh&@l@meesrgnp} Isyelarftle ku@la otder
Ga%gsﬁ{ luﬂb 21% >Pe ?‘Bgd § Bp %0 tﬂg tS{IgC%EgI‘?J] %Iﬁgu%'?tl(g]h 08%‘8%01* 8VCI’ a

succe S|ve € conprises
linsitedq@sthinve] the spmt:egmafﬁleﬂhwﬁmgﬁal or der Gaussi an pul se

to produce a Oth order Gaussian pulse. 23. The

conmput er program product of claim 21, wherein the

211 NStA Wehb@Rr Eﬁﬁ?anti BrodtidE GBS ddn¥ QJnya et g&@@?éaﬂ%lé Wedium, for

recei ved hi gh order Gaussian pul se i ncludes
confpgiting eni wira ouideband rpcamucte I(epc)vea datanmodylatekir @nia Zegh order
from ssive .integrating

Gl SRPbuld S e bbbl orab Bl BUAET 8 RBSspEE 0t 2t

f r Oﬁihstlalﬂﬁémﬁfde% stidt@ssPHDE RECHrME airédef@d HigH\Grdp QE8SIEA Hulse
and 16 wherein the instruction code to correl ate

signghtgpredice ajloieerqderi GansHaRulES generate a reference
SY NGIVHABHGAR LA 1 oAkt PBS A0wEP BRieR Gaussian pulse signal with a

reference signal to generate a correlated output signal; and
instruction code to compare the correlated output signal to one or more

predefined values to recover. the data modulated onto the high order Gaussian pulse.

22.  The computer program product of claim 21, wherein the instruction code to
successively integrate comprises instruction code to successively integrate the high

order Gaussian pulse to produce a 0™ order Gaussian pulse.

23.  The computer program product of claim 21, wherein the instruction code to
successively integrating the received high order Gaussian pulse includes:

instruction code to produce (i) a fine synchronization signal from the last of
the successive integrating processes, and (ii) a coarse synchronization signal from

another of the successive integrating processes, and
16



supplied clock signal, the fine synchronization signa

and the coarse synchroni zation signal; instruction

code to produce a pul se wi dth nodul ated version of the

| oner order Gaussian pulse, and instruction code to

use the generated reference synchronization signal to

syn@ﬁwannﬂ@lnﬁnmﬁbmcwhﬂombnﬂhwcbummwewrder Gaussi an

“pul al o a referen | 24. .The. c

P o ARD e o g Gl F RS reR bR Rshitiiaion S estbppon 2
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order Gaussi an pul se signal includes instruction code
sighgl;control , based upon predefined characteristics of

t he f, [ ,

e B RLR 10 oS PR BN i o e oweroner
Gazpsgaoemdseyend si gnal integrations. 25. The conputer

program product of cl |n121 erein the instruction
P oo SRt ik of visk e racagresale fexf‘?fﬁ%“f‘? sahrogiaoe BN to

SyEhEshi S Scot AR Dif VR l)éw'emrﬁg[r Ghfsiafl gu_ Ilgn ?]Q%ference signal.
tiall'y the sane

Gaussi an pul se signal over substa
predeflned i ntegration period. 26. The conputer

pro uct of clai n12$ t he instruction
248 R SoREREr Sresformi O 2bieate 2o HherR i sticion e to
su@c@@k@vély) IReEERSHE Y&lWed URW Blch Jri& BhdBian %%rs1gnal includes
Gaussi an pul se signal over successively w
mqtqqp@gy eadedn geairplodesedipon predefined charactenstlcs of the lower order
Gaussian pulse signal, the integration time period of one or more of the successive

signal integrations.

25.  The computer program product of claim 21, wherein the instruction code to
successively integrate comprises instruction code to successively integrate the high

order Gaussian pulse signal over substantially the same predefined integration period.
26.  The computer program product of claim 21, wherein the instruction code to

successively integrate comprises instruction code to successively integrate the high

order Gaussian pulse signal over successively wider integration periods.
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