Utra Wdeband Receiver Architecture Using Hi gh Order Gaussian

Pul ses and Met hod of Operation Background The present invention
relates to receiver systens and in particular to ultra w deband

recei ving systens and net hods of operation. Utra w deband (UA\B)
conmuni cations are energing as an inmportant protocol for providing
hi gh speed, | ow power n l.ti-path resilient co ni cations. UW\B
signal s, consists of QlﬁﬁW%a{@)ﬁF%%WA{&ﬁﬁswgﬁ%g typically on
the order of 0.2 HizhtOnderoseussianPrds@s and Misthadl gf Opheatioransni t t ed
pul se (typically Gaussian in shape) represents the nodul ation or

baseband gat a, ang accordingly, UAB systens are sonetines referred
to as "ca 0 s" systens, as the nodul ation signal is not
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signal recovery extrenely challenging. Fig. 1 illustrates an
exenpl ary Gaussian signal UAB receiver known in the art. The system
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i nproved UWB receiver architecturée which 1's oper ovi de
Fig. 1 illustrates an exemplary Gaussian signal UWB receiver known in the art. The
system 100 includes a UWB antenna 102, front-end filter 104, front-end amplifier 106,
correlator 110, and backend circuitry 120. During reception, a UWB signal 101 is
collected by the UWB antenna 102, and front-end filter 104 operates to limit the input
bandwidth and reduce signal strength at image frequencies. Front-end amplifier 106
provides additional 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.



t he necessary signal gain while preferably reducing the SNR required
fromfront-end anplifier and correlator. 1 Summary The present

i nvention provides an inproved UMB receiver architecture which is
operabl e to provide high signal gain while reducing the

gai n- bandw dt h product of an inplemented front-end anplifier, or
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10wer order Gaussian pulse, and is operable to output a correlated output signal

corresponding to the correlation between the lower order Gaussian pulse and a
predefined reference signal. The comparator circuit is coupled to receive the correlated
output data, and is operable to compare the correlated output data to one or more
predefined values for construct a data stream representing modulation data of the high

order Gaussian pulse.

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 illustrates 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.



Fig. 2 illustrates a graph show ng fractional bandw dth versus signal
order of a Gaussian pulse. Figs. 3A and 3B illustrates an ultra

w deband recei ver and corresponding nethod for processing high order
Gaussi an pul ses in accordance with one enbodi mrent of the present
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For clarity, previously identified features retain their reference indicia in

subsequent drawings.

Detailed Description of Exemplary Embodiments

General Overview

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

pl0)= {12t Jp 7 M

Eq. (1) represents a 0™ order Gaussian pulse, and higher order pulses are obtained by
differentiating the Gaussian form shown in Eq. (1). For example, a second order pulse
1s 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



order” in the context of Gaussian pul ses denotes a signal order of 2
or higher. Fig. 2 illustrates a graph show ng fractional bandw dth
versus signal order of a Gaussian pulse. As shown, the fraction
bandw dt h of the pul se quickly decreases with increasing order. In
part i cul aftequénsyfremeains snbitarsiatiswhalsdme f Fartlfy in dhredéne Gaussi, dlre peskspeak
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t he response i s as: (t)=f"h(t-r)Sr.(t)dr= ScnGsO,,, (t)dr+
f h(t-r) SaveNger ga): 4 The first quantity to the rlght of the equal
signin Eq. 4 is the response of the interested signal. Furthernore:

+oo

;[o k(r)dr =1 (2)

The received signal with AWGN may be written as:

S (t ) S (I) + S OAWGN = szssran (t ) + Scfmnuel' _noise (3)

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

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

S, (@)= fh(r ), (1)dr = j A(t = 7)S & pussian (r)dr-i-Th(t—r)S”A,mNdr (4)



Jh(t-2Z)Scartsinn(t)dr 6aussim(t) (5 The second quality to the
right of the equal sign in Eq. 4 is the response of the AWGN. The
AWGN i s passed through a linear time invariant system producing

anot her AWGN. The nean and the deviation of the response AWGN si gnal
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(t+rl -r2)}ridr2 =R (r) = Rchmei noise (r) D= R (0) = RO(0) =
Dci,a,n,ei wise (6) The deviation gives the anplitude or Energy of
the Gaussian noise in tinme domain, and accordingly, one observes
from Eq. that; the noisg in not anplified. Therefore, the input
signal to kfffﬁ%egﬂﬁgFéhxghaé@ can be witten as: 4 4 St (t) =®B®
5 07, (t) % SAWGN = "SGO,sian (t) + Schonnel noise (6) 5 The

af orenenti oned procedures are repeated until the signal passes
through a series (in this case 5) integration stages to produce a
Oth order signal. The resultant signal can be expressed as: SO (t) -
SGrusi an {Thy secogd lqaplity tdieseghTlithe eqhd sigrgindld. ¢ i§ themespohsaws tho AWGN.
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a high order Gaussian pul se, a high degree of relatively noise- free
signal gain caEWbe achi eved. ghis rocess i s enployed in the present
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ecture and operation of which are now

0
= R (f) = Rchmmel__nor‘se (f)

Dl = \/RE (O) = '\/RO (0) = Dchanrrei_naise (6)

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:

4 4 4
Sr (t) =5 Gaussian (t) + SAWGN = SGaussian (t) + Scfmunel' _Hoise (6)



UWB Receiver Architecture & Qperation Fig. 3Aillustrates an ultra

w deband receiver in accordance wth one enbodi nent of the present
invention. As illustrated, the UWB receiver 300 includes an UNB
antenna 304, a channel filter 306, an integrator group 310, a
synchr oni Zatiabmementouied pBROGJuras amcrsp&atealtmil B@O;igrmhplasaescthrqa@hats@riesaﬁﬁ).

The UWB 04 d h
orehl ghe(rfi)t %g%g ‘?feé?%ﬂgr?gt?%%%if ﬁﬁ é’e&s{%@h esrggu }%E;ﬁiﬁq can gﬁe

frequency cgpesdeadgn of which is 3.1- 10 G}E in the Unlted St at es.
Various types of UWB antenna are known in the art, however, any
antenna structure or simlar receiving mneans mhlch IS operable to
efficiently capture a signal over the particular UMB spectrum nay be
used. ChaQPg fidter g may be of any particular filter type (e.qg.,
hi ghpass, Qp mm"%%h pasgisweschandst op, etc.) operable to provide the
desired attenuation to the received high order pulse. As will be
further shown belom/ the integrator group 310 provides a significant
amount of |ve 0|se fre gai n, thus reducing or )
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signal gain to the high order pulse 305 before the signal i ntégrator
group 310fien signalagainetmmbe sehiavedo difreprocess i @m@lhy%dwmethbpmsqﬁnnvemme to
gai n- bandw be .rel.ax naI i_nteqgrati

D ocess pPsEidulh BRHE o Pl B i e e ey efl, BEA fhre
suf fici en‘axhd/o;b]{rﬂtcﬂﬁ(ﬂ"vtrlheh ﬁ@eﬁwﬁdse&te@nal For exarrpl e, the bandw dth
of the front-end anplifier nmay be relaxed to provide gain only over
a relatively narrow portion of the UAB spectrum The integrator group

310 inC'“gﬁﬁB%&Qeﬁ%LﬂHﬁﬁbéHﬁﬁﬁ?ﬁkﬁﬁ%ﬁ coupl ed integration stages

Fig. 3A illustrates an ultra wideband receiver in accordance with one embodiment of

the present invention. As illustrated, the UWB receiver 300 includes an UWB antenna
304, a channel filter 306, an integrator group 310, a synchronization circuit 320, a
correlator 330, and a comparator 340. The UWB antenna 304 is configured to receive
a high order (order 2 or higher) Gaussian modulated pulse ("high order pulse"” herein),
the frequency spectrum of which is 3.1-10 GHz in the United States. Various types of
UWB antenna are known in the art, however, any antenna structure or similar receiving
means which is operable to efficiently capture a signal over the particular UWB

spectrum may be used.

Channel filter 306 may be of any particular filter type (e.g., highpass, lowpass,
bandpass, bandstop, etc.) 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 relatively noise-free signal gain, thus reducing or eliminating the
need for traditional front end signal amplification. Accordingly, one embodiment of

the UWB receiver 300 omits signal amplification (e.g., a low noise amplifier or LNA)
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311-313, each integration stage operable to integrate the high order
pul se it receives over a predefined integration tine period, thereby
produci ng a nodul ated Gaussi an pul se of one degree | ower order at
the output. The process is repeated by the subsequent integrator
st age, thehéadt efjrithe ontegratoupgrd8® 3i0odSoengnadrchikehoetpotides alivanerges in
order Gaussi an | se 315. ("l ower or d(g(i Eul se" herein). In.a . .
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integration stages may have successively |onger integration periods.
The term nosabcek dhe, signgh gaip dicedad to pefficigady pseress shentaceivedisignal.t For
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funct i onabwtrya febitivelymatioes partiegofihe WOV BtspgRfinQr processes. The

i ntegrator group 310 optionally includes an automatic gain control

circuit 316 which is operable to control the gain of one or nore of

the integ I = rtd : ég'ﬁ:f ' '
has an i ngﬁ: H@E%%@?@&%@clgﬁégest@ Cfrgﬁm%PF %gé%gsr&%ﬁ Ics (gffgé&aér%?ngsjfgges
control odf pdt3, euchrietegratine sAGE operable tb iBFradel el high oader quisedl raicpyral

317 operable to ntrol anplitude gai,n_of .the integrati st ages 312
Lo whioh PYe & PEgiEhne }nte%’gﬁ%fb R oMo (AR proguct a_t‘ﬁ‘@‘?‘ﬂﬁ OB
pul se 315pukd oF bt dBGec aFREMicfRAat thBSutRHE OTRE | Fro8R% Ns GBI by the
circuit is operable to control, based upon the | ower order” 7

Gaussi an peltsseuent frdegratos giage,i tha integratop graupd 16f prodhecinmet the omtpnig a lower

integrati s t0 i<ch it is, coupl.ed. .Further particularly, the

i nt egr at o?pdg? ? ?ﬁ%gséai’op“%%%% (ke]lé)‘“’te\r/\/grds‘?§lﬂléjlﬁ? ﬁﬁ?g)f i fgr? p?ftg‘?‘f;ﬂrffnlﬂioﬁﬁné’qt’ot\%}%r
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e

synchroni zation sjignal, and a course integration signal which is t
out put of thermPFRIriaks nupker jof slagesintesrtartta gedice the received high order pulse 305

to a 0™ order Gaussian pulse. Further specifically, the integration time period over
which the stages 311-313 integrate may be of the same duration. Altemnatively, each
integration stage may have a different integration time period, for example, successive
integration stages may have successively longer integration periods. The term
"successive integration" includes, but is not limited to immediately successive
integration processes, as the system and method may include one or more intervening

structures or functionality between the integrating stages or processes.

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



(e.g., shown as the output of integration stage 312 in Fig. 3A). The
synchroni zation circuit 320 receives the coarse and fine
synchroni zati on signals 314 and 315, as well as a local clock signa
321, and generates a reference synchroni zation signal 322. The

corr el at olGaggdar pulsedibs integnation pimeeperB@ofthercalsl @ morer mtegratent dtages to

| ower order, .pulse 31 and a reference signal 331, the nultiplier 332
producing?ﬂ?§1¥5%%%ﬁggj signal 333 which represents a pulse width
narrowed version of the | ower order pulse 315. An integrator 334 is
operable to integrate the pul se width nodul ated signal 333 over a
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correl at efF-SodiPHR ag Hheowny ignisgratign stage S 18riadidg.i 3 The sxnshropfration

result of ks 1! ' 1 S
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the SNR of the rel ator 330. |.S | axed, conpared to traditional UWB
recei ver §9’§?1@WES% Ancl ératrf“(‘:lﬁlph?r %&b‘ﬂ’(ﬁaﬂ’éﬁ(’, regeize the leyenpwuter grlseglo

310, th i g P i ; : ;
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340 are nonolithically forned on an integrated cir e chann
filter 306puespnise pulss widdhdnarmowddevarsiom gf tiedower orden pylsea¥15. An integrator

alternati fabricated off chip and co to i ntegrat
i roult vig EoaERTFof THERRE bea R M FRIReRE uhl BihaRer Bantetnrdn
to the ul tir péridebandenbRIANEng QA cBath® oSitpit Isinhl 33 RGN QY RPrest8 the
aforementioned integrated circuit may be fabricated using a variety
of diff eFeFelatiahbEwReubedewersdasiliss 1S and theuederendersidngti3 hlg Bnesnce
Bi CMOS, S GAAS - Ref ' owto Fig..3B i.n
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i nitiallyofthe3niegpativngfroodsderA Campaiaton 330! is @pdbld ® SHGRES Hiev&lritlated
integrated to prgggce a |l ower order Gaussian pul se 315 (| ower order
pul se). THP@“E%? & ong or more predefined values, the result of said comparison being
the construction of a data stream which represents the modulation data. It is noted that
because of the significant low noise gain provided via the group integrator 310, the

SNR of the correlator 330 is relaxed compared to traditional UWB receiver systems.

In a particular embodiment, the integrator group 310, the synchronization circuit 320,
correlator 330 and comparator 340 are monolithically formed on an integrated circuit.
The channel filter 306 may be included in the integrated circuit, or alternatively,
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



achi eved by neans of the integrator group 310, in which two or nore
integration stages 311-313 are used to performthe integration
operations. In a particular enbodi nent, the nunber of integration
stages 311-313 provided and the nunber of respective successive

i nt egr at i eplyeyssrtfyomea dithe isteghatorngount hid), irewbichevo ok gloromtkegratnn seges

305 i t 0 h d S | se 31 ot.ed above,
The i nt eordt on Y HEAerhefRtnF HEERAN, BliRGeito b LPulev S shBe ey
the subst @ hamnbyr bh@nt%@'iﬁo@rste@bi f3¢l1@r13 profRled GMBOME RMbR  oft Rpective

| atter case being successively |longer integration periods in order to

capt ure néYeesive inegtiws Derfoangd wiedweh @ﬂjsﬂ?ﬁ sgvetviedgrgo ptden pplse SO5 is
Next at 3?@05&&1 % Blm%fdeg’ "(ﬂﬁ] RS 413 C cﬁed?l Bbeo%ett%ra a]ilté%‘f Bme period

Si gnal resu enerati on of "a cortre

si gnal . Tlfmseaapamgtannns btag@ 3$pa¢s by ielrabitaeblly the Satialor idederotd oh®
a by the correlator circuit 330 of Fig., 3A. At 353, the correl ated
out put  sEERafimensof dedaiss sasebaing Birecssivelydpaegsinigamiine aeredsua ordes to
produce a }ﬁhllte nodul ati on
dat a. Theeane qﬁ&ﬁgggﬁn$§£e%?ggiéégﬁgéggaﬁﬁﬂﬁﬁﬁﬁﬂﬁf?@%ﬁ vol t age or
threshol d value, or a dynanlc adj usting value controlled by digital

art and sed temrespo her case, the corrparator 340
Ps oper ab1%t Tt(;’%go%éi‘?‘ﬁ?ﬁorg &Fﬁ%‘forﬁéﬁtﬁé ©r3 wgrenRerskeng| 33 1y sysyling)in
whi ch cor ut
R b R kD e e B

pr ocesses s qrasort dan by the edwrddter ciysnis S80 ol Figy 3At iAd853) the oorelated output
enbodi nment succe55| |nte ratio s incl des roduci ng
() e 11 neEanBabATERRrYfp L dhots pERe R Vtes - BiodUse o B BHRLS, ve
i ntegrat i Bgedk SFEHERA reBenld the nRIGRELS aataymﬁabﬂ@brzlﬁbﬂe%e@ﬁ%@balaéé
from another of the successive integrating processes. In such

enbodi mentnaYtbﬁ@ f@@rﬂrV@ltagq grihsplerld vhlon wfa dyasmid adiystide yalun GOIthrQilﬁédls’es

I d
Cupi oo CleRd Pl SESA5th REMRRLAG, kfRk PO% nETSERHIER 149D ang

t he coars eperSMB ch c@itizatanarutit da@lstr3dd witraththdlg) whiphl bereelieddiest to
nodul at ed ver3|fn of the |ower order pulse 333, and using the

r ef er enceMSyHERr HAC AL thoirrsiaiehoutedsigngl Bmchroni ze  integration of

t he pul se-w dth nodul ated signal 333 to produce the correl ated signa

Operation 351 optionally includes various additional processes in accordance with the
present invention. In one embodiment, the successive integration process includes
producing (i) a fine synchronization signal 315 from the last of the successive
integrating processes, and (ii) a coarse synchronization signal 314 from another of the
successive integrating processes. In such an embodiment, the correlation operation of
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
order 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 also 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



335. In a further specific enbodi ment, the conparing operation al so
i ncl udes using the reference synchronization signal 322 to

synchroni zati on of the conparing process 353. In a further optional
enbodi nent, operation 351 includes controlling the anplitude of one
or nmore ofirewe3Huckesshws apntadign,athé orocepsanelbiatsceivisg e mweaotdemptise

ain cont clLI |t 316. such a roc
|gncl udes r%g%:g?(\%lbﬁée‘f ‘EIOB\A%LPP%PH%? CBﬁtlr‘g é)rggg aﬁodéor‘%rz?gg% W@ﬁ%@n"fme
out put t i ngntagredt k@pe. Slﬂf@hatﬁ%ﬁf nOosepation0 S 1t hRe af®hiatit ARirOEorti circuit
integration sta Alternatively in operation 351, the automatic gain

control cPpeates % spetrels Basedomenrthe éﬂwertfa'd@‘dG&lﬁﬁéﬁntmésel Hweintegration time
Gaussi an f. ne or nore
integrati §w1§f0fthgg?é Bltvﬁl‘ %h{eg{%tléhgggeﬁot%db hlgh{r%t OU‘poptl onal ly as
not ed above, the met hod omts S|gnal arrpllflcatlon prior to the

successi ve int egratl n operation in 351. QOm ssions of signal
anpl i fi cai%wa‘heraﬂﬂtleﬁél 8t noted aboves hpetcthod St Yighal alﬁwllﬁé@rsmbm@" tocdthe t

si ze, featesiMinfdd: Aaﬁ{ (ﬁ:%&%h% ky]. @ﬂm&g@@pﬁgﬁfl ﬂ%@&{oﬁr@gfyﬁwﬁeﬁr

circuit structures. atively, ront en &1 on
enpl oyed imaupp#@mtsumpaommgdadedga:dnmmuﬁvsld@dfeamaest hlidhntegespeanlly

group 310. n the nmet hod.includes front cati on the
gai n- bandﬁﬁiwv%gﬁ?qfdﬁ]cfm?ﬁatﬁ@uﬂfcu% SPPEHEES e nid ‘g‘:‘&é %ﬂv FgRjtftcation
as the sigpglpel t r f

A T e %3.9#‘1.5‘?2‘&@%%‘&%9 mt‘f@‘ﬁm'?%ﬁg%d%%’d
to a rel éh’heméhglmawoﬂomn@f@fmt@nd amphmosptécigamrhandmdthprmguﬂl such
integrati o&}%{ ss In prow es .suffi ai n_over ( ¢
remai ni ng B‘Eorcusr%mﬁé HUFFS &%fhreaﬁl%? AP BR6wE r‘fan BB RS

donai n V\Iaﬁﬁﬂ@rnﬁhﬁd stgrol Baifil GFOF eXaRb{$iS | fidht-cpd bﬁl@hﬁ&&tioh rhéy B BEARSREd Y
the integration stages 311-313 in _accordance with the “present

i nvent i on2 rqlalvdy aagowHESIONIH dhebAVEB spestiuse, a3 the pigopldiategmiionepragrds in

oper at 1 on > PRLREE BRI, AR g SR b R BB AT %2 Tt Cand

0" h order pul se waveforns, respectively. As can be seen, the

litud th d ng signal order,
F ﬁgr egsagﬁg\/g‘dﬁﬂﬁ%q%calr g}%g}gailg\g%lggﬁeggi\g@ommf %frasgf%)imgof a 5th order Gaussian

pulse as it is processed by the integration stages 311-313 in accordance with the

present invention. Trace 410 shows the waveform for a 5%

order pulse and trace 420
shows a resulting 4™ order waveform after one integration operation. Traces 430, 440,
450 and 460 represent 3", 2™, 1% and 0™ order pulse waveforms, respectively.

As can be seen, the peak-peak signal amplitude increases with decreasing signal order,

thereby providing increased signal gain.

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



Fig. 5illustrates a graph showing the tinme domain waveformof a 5th
order Gaussian pulse train as it is processed by an ultra w deband
receiver in accordance with the present invention. The simulation
was performed using MATLAB(r) 6.2 simulation software with ideal
recei ver ®recgsied putbedvani dits pagrsssang oy ﬁ?@enismtcsm@ B ped tracef 536 hhws

order Gausgsi Is ce b sho cha

white noi Z% }?&Eﬁ%ﬁ g@%% 1r%aa%tee r é}gaoco%e ?lﬁcél élﬁt ga Cé}?f\‘f dt?acéﬁ3
the WB r ggebnés40,38budhaighd frecabésadtssc@bsitdlg 1&&&5&@ T the G

the 10 processed puI se train after processing by the i nt egrat or

group 310 cffastive: inapwvEEne yeBEood signpl sEEstdsngisd sepnreszion, dhuseenabling
correl at O@llgﬁhirrgyd\;ejé’gh hg}l seqﬁ 1911 il to'wClH ‘f%%r ral{e (ﬁ% \ 53Q and 540,

show t hat rocesses SUCCeSS |ve y it ntegrati'ng the high order
pul se is effectlve in providing very good signal gain and noise
suppressi on, thus enabling ~signal recovery with high sensitivity and

|l ow bit e BER) . 6A|IIustrat S a graph show ng.the
time domai %V\%’%é‘ﬁlmt ¥ aagrﬁP (SheW gy ¢ GC%WS‘E%MBU‘IV%‘@ PRk &g Pl

by mul ti - Qﬁhl‘{blzﬁﬁﬂul@éjghﬂ éf?ecvéﬁ'ﬁ)ﬁmgﬁfiﬁzﬁh 3Ad A4i8iGe S Gbissi nhfse lefrects

processed by an ultra w debandreceiver in accordance wt
present ahvens ipoeressedeby rmansltiat weltbsidynadeivies isiavuddted hithi thg present
characteristi

The v r dberya g Bk el iy MRS LG chubelfrgith owey By e

usi ng MATIUABBI guislies iifgha UnRBd S@Jtéswarrﬁe UWBCRcEH& ﬁb@%&l&t@d fulsmg the
domain waveformof a fifth order |se train recei ved approximately

8 nmeters aWNE deswthed ifirovitauning M 1% 62cemulaton sofiwvarel ti - path AWGN
noi se environnent. Trace 620 shows the pulse train after the
integrator group 310 wupon conpletion of five successive integration
processes. Trace 630 shows the pulse train at the output of the
correl at ofr880610 sigivesatlientims utnmess fwdvefeetouayfifll orde pulRduhiat feebived
h showi ng the BER as, a function of

data. Fig. 6B jl| rates a

i nput SNRa?HfPX%é{YJ&B“etF’@@éYag’ﬁ B ity TRISEY IR doYTRe pigyin HRultnpats HoWEN

the BER 1 g§RORAGird MR A Fdcd 85Y s8898 the pulse train after the integrator group 310
upon completion of five successive integration processes. Trace 630 shows the pulse

train at the output of the correlator 330, indicating successful recovery of the

modulation data.

Fig. 6B illustrates a graph showing the BER as a function of input SNR for the UWB
receiver 300 described in Fig. 6A. As shown, the BER response 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

programmable device to carry out the intended functions.
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performance. As readily appreciated by those skilled in the art, the
descri bed processes may be inplenented in hardware, software,
firmvare or a conbination of these inplenentations as appropriate.
In addition, sone or all of the described processes my be

i mpl emrent éfdi&Eaﬁ)r@gwwt@scmmmiabase henlstprgmiedn fmoqbgrpossa dénillustrateon  and

conput er e bl e l.atil.e or on v

nenory, en%scg%?gn pr oc ess %g&m % eXhEH’?EV? P\rs"to TRit iy ?%B%%Bﬁ%‘s? 0
progr am a feegigtiesed) an@bBEbus Y %ﬁnyﬁﬁ&ﬁﬁ@dﬁmb bid dﬁ*{dtfbﬁs Eﬁa ;g@%ﬂbl/e RUtght
the intended functions. 11 The fore%0|ng description h

pr esent ed of gt Psrlpesseisadnng. | The desoribeh cabadimpatscyveist @@ﬁen int onder trobest

i nt ended t 0 the Ci s
form di sc%ggiggl g :}gﬁ%@w ou t)ﬁ)veh{lgﬁ ra%a :l} gcpa{b\ﬁg%sépﬁﬂa&%/ogrtioa ?rgﬁ enenle
possi bl e othets giilled of tht: et tdlt&cd mﬂﬁd theArBhtig inMgiodesmbbliatents and w1th

enbodi nents . were ghosen in order to best  explain the principles of
the i nventREMSaRAdIIENGs A8tare apitedIp the at"iﬁﬁﬁlaf 854 FreteEpplashanlt & intided s
skilled i hg .a e [ ri

enbodi msn{ﬂ}sEltt aﬁlg \r?v(:i OtPIe O\?aﬁl%ou&ﬁs‘)elrir% fl%egglf Fg%dse sqg? eaglé‘l?st egﬂ&deghgerew'
particul ar use contenplated. It is intended that the scope of the

i nvention be defined by the clains appended hereto. 12 CLAIMS Wat
is clained is: 1. An ultra wi deband (UWB) receiver operable to
process a high order Gaussian pulse, the UWB receiver conprising: an
i ntegrator group having an input coupled to receive the high order
Gaussi an pul se and an output, the integrator group conprising a
plurality of successively coupled integration stages, each
integration stage operable to integrate, over a predefined tine
period, the signal received thereby, the integrator group operable
to output, in response, a | ower order Gaussian pul se;

12



a correlator circuit coupled to receive the | ower order Gaussian

pul se, the correlator circuit operable to output a correl ated out put
signal corresponding to the <correlation between the | ower order
Gaussi an pul se and a predefined reference signal; and a conparator
circuit clflIMSto receive the correlated output data, the

conpar at Ok,,Cl. I cUi £ erable to conpare the correlated output data to
ongpor nnﬁ%hmb éﬁ%?%ﬁ%d val ues foppconstructing a data stream
representing nodul ati on data of the high order Gaussian pul se. 2.
The UMB receiver of claim1, wherein each of the successively coupled

i ntegratidn st ddedltiagvidehand HLVB breceiv eranstable t9epresegn alhighyender Gaussian
subst anti g{dﬁg’ tﬁl@%\?ﬁq@ceﬁée%omgﬁéihg:d' 3. The UMB receiver of claim]1,
ch”o (o]0)

wherein e the successiv pled integration stages is

operabl e to i narginddgeatbheraipgmalinpegeiivnd thplabyo a¥adiva the IRECtdrie
successively longer tine period. 4. The UWB receiver of claiml,

wher ei n t REUENEE POES; 9@ Ao QYIPHbL then HItegaon sravmy rampasng; i pluradisy mied
ahead of W : e ' f ' :

FUrther conarra s cauaid Ao s ddh e N el BN ShoeB op BBl otintegpe,
r ef er enceosgne hpredéizet i tine Siegiod) thenbignai received ahdrphyt, the ntegrdtas groab
the successi v®l¥ cougl ed int egrag]tpi on stages .conprises a fine

synchr oni JBFFYR IR PYRYY N HSPYRTEAON of ROl S8not her of t he

integration staoQsrebRSPELIERS cAufQRIS fece ¥ NEENONEZ BldeP Ba2kGRR buls@Nfhe
wherein the synchronization circuit is operable to receive the Tine

and coar seorrggtat lsirowt 2perebln tgjoytmit 9 c@)nﬁlaa;dc¢LUplkt sgghabrrespoddibgsedthe

A T S I R RN
and

a comparator circuit coupled to receive the correlated output data, the

comparator circuit operable to compare the correlated output data to one or more

predefined values for constructing a data stream representing modulation data of the

high order Gaussian pulse.

2. The UWB receiver of claim [, 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



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 to control,
based upon the | ower order Gaussian pulse, the integration tine
peri od of the ovigran theostpuhoégnathennf theagpdseratonbtagds ¢amprises auglaes.
7. The UWB recei.ver of claim1l, further conprising: an antenna
confi gure(ﬁmC r?%%ﬂi‘io%}él%“ﬁ aﬂﬁqngh order Gaussian pulse; and a filter

havi ng an i nputwieespkiadsyinehloRRafer eRAR BNeRABl O REivE HaR0addocdaie
signal integrator, the filter for providing signal rejection at one

or nore pfFEHEFemzEdionfsigglsendisedockssigmbeand\\asedetberepnr produask diameference
wherein t L - ator, the synchronization circuit, the
correl ato?ﬁé(}%%%ﬁ%n?hgﬁg{'he conparator circuit are formed on an
integrated circuit. 9. The UAB receiver of claim1, wherein the
filter, signal _int e‘%rat or, the synchronization circuit, the

correl at of- ci r dBFtUWahisceiver ebplian dt Suther cemprisipg anfayfampaiic gan gantrol

i nt egr at ed; Glif §Lb; 0; ecalyvery of i e

| ower or delrr‘gdclialElg‘lgl{l na%plu %-1280 orrpgql geggl\(fg ﬂﬁ#‘%‘%@%&%&%ﬁ%ﬁ%&%ﬁ% Isagd 1.
The UB r ecipuy esupdéd & angrod horevbetlel intdgheionnitegs,athe raugnmitie @Ompontees
five successjvely. coupled. integration stages, and wherein the high
or der eauglg?%orgﬁﬁ%@%to P Epop e hwegprqseﬁ%%%q yises fhiggategration

conpri ses tighedelo@ bl fe JaR WS %’i(ﬁ@il@égrﬁﬁ)nss:t%%ﬂo w%il%g}gis C(T\%ge&MB receiver

of claim1, further conprising a’signal anpli S upl ed ahead

of the integrator group and operable to anplify the anplitude of the

received ,UN\B si over a lLimted rtion of the UAB signal
bandwi dt h.* 13. %QWRJG‘@Y)‘? 0851??1%5: ﬂ‘gt%%“i?f'ﬁr}s&’% deband receiver to
recover data npflehtehRtcon®Burtdib eteRe ARy LigRYSRE BAuRinSRI®: gupl . the

met hod conprising: successively integrating a received high order
Gaussi an pul Seagﬁ@ﬁ@pvm an mput coupled to the antenna and an output coupled to the

signal integrator, the filter for providing signal rejection at one or more predefined

frequencies.

8. The UWB receiver of claim 1, wherein the signal integrator, the
synchronization circuit, the correlator 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.
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produce a | ower order Gaussian pul se; correlating the | ower order
Gaussi an pul se signal with a reference signal to generate a

correl ated out put signal; and conparing the correl ated out put signal
to one or nore predefined values to recover the data nodul ated onto
t he hi gh deder @a&éWBafﬁC?imrsﬁ claim. 1, Tiréhemeempusing a siganlantdifieniecwipted

or dor - couatyad O BPARbAR R bR ESer I F PP REL el AT e e

met hod of mtfalsﬂgrihsovwwr@wnﬁdﬂﬁ@@@ﬁtﬂ]wwwsr@ﬁmﬁaa{dmht he received
hi gh order Gaussian pul se includes: producing (i) a fine

synchroni zation signal fromthe [ast of the successive integrating

processes, andA(Heghoa ﬁféﬁ]&%m%é}?ﬁ‘ir‘&%é% csen%?% b0 a%{eﬂn%ﬁula%%

the succeSsive Integrati cesses WhET 61 n° Corr el

conpri sesong&mg*raxtden@awssraaf;ﬁrsem@asyhmhﬁﬁm Zahprigingi gnal based upon a
supplied clock signal, the fine synchronization 5|gnal and the
coarse synchr ofPESENYEAY SntsREating i‘)r@ﬁ‘ﬂl’i‘?dnéﬂﬁl pides eGalisian pelge gy to

version obrgdggegwgmg&g@au%%?&l@ pul se, and using the generated

reference synchroni zation signal t0 synchronize correlation of the

| ower order Gawssélaingtheslowsr gnddr Gaussian phibe aignel sitynakeferkfice Jigaal to
met hod of claim 13, V\:?ﬁ%l’el n succesﬁ%vel y integrating the received U\B
hi gh ordege@ﬁ§§lcaﬁelg§ LU §IERRL PRE| udes control Iing, based upon

predefined chasaph@id &lel &?re‘l)afted BephPYBhal b dsle SFAMSR ﬁ@d&me'aeva%eg%'
the integration time period one or nore of the successive signal

i nt egr at | taseveritbe data rﬂqﬂélaﬁﬁimatl@fhlgh etidey G3yssisheuben successivel y
integrating conprises successively integrating the high order
Gaussi an pul se signal over substantially the

14. The method of claim 13, wherein successively integrating comprises
successively integrating the high order Gaussian pulse to produce a 0™ order Gaussian

pulse.

15. The method of claim 13, wherein successively 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



sane predefined integration period. 18. The nmethod of claim 13,

wherei n successively integrating conprises successively integrating

the high order Gaussi an pul se signal over successively w der
integration periods. 19. The nethod of claim 13, wherein anplifying

t he si gnall7l evdibheoimethng hifglklabndds, vdzeueisi anccpssivdy i intaguitinge chmpred
rior to the su ssive.integrati on operation, 20. The nethod.

Ol i m 13, SWrararey TS NETREh S BRiht dhusst vl pgrnsgudly me
Gaussi an Raths prddsfipey ihesgi@dnpeiied. t 0 the successive integration

operation over a limted portion of the spectrumof the UWB signal.
21. A conputer program product, resident on a conputer readable

medi um f C r i n ra,w ge d eiver to recover data
nodul at edq?)h aqﬁ%g%{%}w&grﬁ &%&és?%’n ‘%he?é’ég E‘F‘%%Sasf‘fe% hnel%%an%lgt gpmprises
progr am psoctessivetp imegraiinggtheibigh srdet Gamksian dalde ¢igUL 6as ShaRbively wider
integrate. a received high order Gaussian pulse signal to produce a

| ower or d&MEZEBYBPEIPdSUl se; instruction code to correlate the | ower
order Gaussian pulse signal with a reference signal to generate a
correl ated output signal; and instruction code to conpare the

corr el at ed%out Jiht nedtiypbdt danoits wdrereim amplifiiegltiisigd] eatlugihé highecdarer

t he data dul.ated onto the high .orde{] Gaussj an pul se. 22, The
conput er @Bﬁﬂ’rﬂ? ?%GBEP%?O@F&PH?@@,t WHEFESIY Cipes aHeR PREEIYh code to

successively integrate conprises instruction code to successively
integrate the high order Gaussian pulse to produce a Oth order
Gaussi an B se Themethueofoadaiput Js rwhsreig reaplifingithetsignil e afitRd hightvedezi n
t he instrgdlca’fhiSoar}1 co]de .1Q fsﬁucc SSi V?ﬁ i nt eqr ating the recei ved hiJ?h
order GauSEIEHAFSE T PErGHREY PRRL {0 (RS SUSFetsive oS AHGH QREFHPY OXeF Ane
synchr oni Eafife@posticndithd §RBMriMST HRSTWH sighdle successive integrating
processes, and (ii) a coarse synchroni zation signal from another of

t he successive integrating processes, and 16

21. A computer program product, resident on a computer readable medium, for
controlling an ultra wideband receiver to recover data modulated on a high order
Gaussian pulse signal, the computer program product comprising:

instruction code fo successively integrate a received high order Gaussian pulse
signal to produce a lower order Gaussian pulse;

instruction code to correlate the lower order 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



wherein the instruction code to correlate conprises: instruction code
to generate a reference synchronization signal based upon a supplied
cl ock signal, the fine synchronization signal and the coarse
synchroni zation signal; instruction code to produce a pulse width
nmodul at ed versvﬁwﬁamﬂwh@ﬁn@MenC@kﬂENOH@auswnammpulse and instruction
code to use th(;ns%%n rated - r ef eregce synchroni

|
synchroni ze cofFelatibro®t R e Fe5egst S@ﬁ%‘}loﬁmﬂ)lﬁ%‘al ‘%?tsgﬁé'?o%a a

r ef er ence s@prgieadlclock24gnal e ﬁﬂ@@yﬂcﬁx&orﬁia@ﬁﬁ%[%]ﬁr g Bfrse Is%lxdnr&ﬁzatmn
wherein the instruction code to successively integrate t recei ved

UVB hi gh sk Gaussian pul se signal includes instruction code to

control, based; ﬁéB%@tlcfH @0%%% pleoqlu&pg A& %dtﬁ Eﬂo%ﬁla?ed \Iep or_ll ML lé)v{!taq'%l}der ¢

Gaussi an pul se 'si gha te ra I'oh riod of onhe or

t he succeﬁﬂumamlpﬂgﬂamilntegratlons 25. The conputer progran1product
of claim 21, wherein the |nstrua%|on code to successively integrate
conpri ses i nst MFELEEAN Codfe 1@ Jise B cBeRpRAady TolbTERGSY ayr@h{qﬁlézaﬁpg hsigiyl der

Gaussi an E‘&Hc‘ﬁ?orﬁi%ela@l\éﬁ ﬁ%&h@@v@ﬁ&ﬂd@ EYuskf R]ﬁﬁ gletg %?bféf&me s;gal

i ntegration period. e conmputer progra uct o
wherein the |nstruct|on code to successively |ntegrate conpri ses

instructi n co t o successi vel nte te the high  order Gaussian
Ul e i gRdt *oJBp SHRUEE SN APt OF st e RO AhO SRR Code to
successwely mtegrate the received UWB high order Gaussian pulse signal includes
instruction code to control, based upon predefined characteristics 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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