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Reconfigurabl e UWB RF Transcei ver FIELD OF | NVENTI ON
The present invention relates broadly to a

wo e@snbiigur abl e radi o frequency (RF) U tra- W detyBe8G2006/000359

(UMB) transceiver. Mire particular, the present
invention relates to a reconfigurable RF UAB
transcei ver for DS-UWB (Direct Sequence-

U traw deband), MB-OFDM (Miltiband-Orthogonal
Frequency Division Miltiplexing), and Carrier-|ess

i mpul se 'R %l I%I%QJND For UVB
Wi rel ess s% ok nge commnlpég?frcaan appl'ications, such

as W rel ess personnel area networks, wreless sensor
net wor ks, vi deo/ audi o stream ng, W reI ess USB etc.,
there are different communi cati on schenes in use,

EIELDIO |NAEENBIONPS- UVWB, MBOFDM  and Carrier-1ess inpul se
radio. DS-UWB uses ul tra-w deband pul ses to spread the

spectrum of information data, and uses the w de
haa@dweééﬂit et Eeﬂé\t@tﬁ Broadie t@feg réddnfiglitadied pdcio rfr;]ﬂqaency
onventj ona omn onversi on schere
RF) Wlr ek RS S Seary Mot arits ath b pragent mueton
relatesntdal edcedfighiBblei BAalBVB Qraﬁsééleérefdr [DSQDNBn(Wrebtanauerﬁ:e—

Unrau il 5 G DR o Ry st AR

Carrierdessrigipolserddio/dY\decdrsuniéaiions.er Tr ansf orm ( FFT/ | FFT)
based OFDM schene is enployed for data nodul ati on.
MB- OFDM can be regarded as an extension of the W.AN
BACKGRQWNEss Local Area Network) 802.1 la/g system and
conventional direct conversion techni ques can be used
for the RF radio design. Carrier-less inmpulse radio
&an B r‘@@%ﬁsée%i‘oﬁs range reemmunietiey serlicatiprs uglras wireless

personﬁ\éir Se8nhBSRs,| WPHIESE séRdt Rk WiddovH LRIRS sﬁ”&arﬁlﬁé eﬂrﬁ'eless
modul at e baseband data di rectl to the RF band

USB 4R J6e BITFTh EPBENiSEGr R e L9, RO GHRrOWS, MB-

OFDM CaHaMedriérdessAhiphregidial | of the above three schenes can
be enpl oyed for UWB applications, the schenes are not

conpati ble. A need therefore exists to provide a
iDSOBBusesuittdaldeband pulses to spread the spectrum of information data,

and uses the wide bandwidth transmission trade off with the data rate. In DS-UWB, the
conventional up/downconversion scheme using single/mutifrequency tones to shift the
modulated UWB signals to different frequency bands is required.

MB-OFDM divides the whole UWB frequency band into 14 subbands. In each
subband, a Fast Fourier Transform/Inverse Fast Fourier Transform (FFT/IFFT) based
OFDM scheme is employed for data modulation. MB-OFDM can be regarded as an
extension of the WLAN (Wireless Local Area Network) 802.11a/g system, and
conventional direct conversion techniques can be used for the RF radio design.

Carrier-less impulse radio can be regarded as a truly UWB type transceiver.
Carrier-less impulse radio employs pulses to spread and modulate baseband data
directly to the RF band, and thus eliminates the requirement for up/down conversion.
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seeks to address this inconpatibility issue. SUMVARY
In accordance with a first aspect of the present

w0 pooei6ien there is provided a reconfigurabl e RET/SG2006/000359
transcei ver capabl e of supporting MB-O-DM DS-UWB, and
i mpul se radio in different operation nodes. The RF
transcei ver may conprise a2multitone frequency
synt hesi ser architecture capabl e of generating

multitone

opibprdha e Snyeaarcs Ptemes e SHRK T DU A agprs.
the behenmgal @pa1ot ecmpatibteh eA avad dgereforaéists ko pavid®-d MEhsceiver that

nd anal og DS- UMAB nodul ati on

Seel?&g a?’%tze%gém%)ﬁg%rg ai\/tg’ﬁgj'g%?eschene may be i npl enent ed.

The RF transceiver may conprise a transmtter nodul e
SUMMARY si ng reconfigurable digital to anal oge converter

nodul es, reconfigurable nultiplier nodules, and a

reconflgurable driver anplifier nodule, capable of

supPGEEPTHgNIEBVILtIEBNIrSEISRRt ofithe Aragsut gweptien there i provided a
recdﬂir{;&@b@w BRcBIVEOFhPIBRES suppsting MBSOFDIE DSIDEE), snarwpulse

further nprise mi xers connected to outputs of the

rad'?éb?ig%rtef‘\/‘é’efaé@ﬂﬁ?qdﬁﬁrabI e nul tiplier nodul es, wherein
OUtTIatRF fréﬁli(fbiﬁ/&ané)eﬁd?ﬁﬁsle\@mmtlmé?rrequ@"lcﬁ]%vﬁthéﬁger%cfﬁt@cture

| capiﬁ*ﬂg f%%f?ﬁ%t{f]@lﬁ 8@%&3\0?%%@ ﬁg@é@@%g;b::tg})dul e.

nodmlaeESrmNBb@emibnem@d puser @ity sied seaomd schenad iy be

I with a sel ectabl e bypass
'mp%ﬁhgctl on & %Lé qﬁjﬁm}econfl gurable digital to anal oge

cover DSFUWBdQnewLonTmedd?Fa tualrsrdi aretogn@g-@Bpmbdgation and
freqpr%‘g% C\éﬁ{}erggﬁ%,fen{eorgp%r)g|,+‘%er§.,grqt8@f| gurable multiplier

recontigura w pass filter nodul es,
r ediwef |@lar &Bhecelvar | allve apaipfisens i fansmitiasdunedslle apemprising

recc{:nggg%re%@@ab k&agérlgqetn eanhv/%eeramam%% rs&wsu,%slel nﬂﬁ’lﬁ;'lﬂle?%odules

andr%dequ guraple lVP'T amgliter d@%&&, i Q@ﬁawedéssupportmg MB-OFDM, DS-
UWB, and impulse radio in the different operation modes.

The transmitter module may further comprise mixers connected to outputs of the
respective reconfigurable multiplier modules, wherein outputs from the respective mixers
are combined as an input o the reconfigurable driver amplifier module.

The reconfigurable digital to analoge converter modules may be connected to
respective reconfigurable multiplier modules, with a selectable bypass connection for the
reconfigurable digital to analoge converter modules.

The RF transceiver may comprise a receiver module comprising reconfigurable
multiplier modules, reconfigurable low pass filter modules, reconfigurable variable gain
amplifier modules, and reconfigurable digital to analoge converter modules, capable of
supporting MB-OFDM, DS-UWB, and impulse radio in the different operation modes.

The receiver module may further comprise a low noise amplifier module
connected, the output of the low noise amplifier module connected to inputs of
respective mixers, outputs of the respective mixers being connected to inputs of the
respective low pass filter modules.
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The receiver nodule may further conprise a | ow noise

anplifier nodul e connected, the output of the | ow
woeiosecHspl i fier nmodul e connected to i nputs of PCT/SG2006/000359

respective mxers, outputs of the respective mxers

bei ng connected to inputs of the respective | ow pass

filter nodul es. Qut puts of t3he respective

reconfigurable | ow pass filter nodul es may be

COREEHE . P BB B et AR R o e
conmepdgubiotinmes vithé adsbectiyairetoafiguratile eariabbelghie amdlifer modules, and
outp%%ngieﬁlteeugfﬁ&tﬂ}ee §Qr‘raa%$é é’% aarllrﬂJhﬁegr mbuIdd Iret g(%ﬂs%gtréggr 6ﬁTp§8t'Ve

uI se ra
analgge tq digital gooNeriar '@ddl(lﬁ?l\/p rmdul ation and denodul at | on

sch,erga Rerhsss' RE A méfke gFPﬁlgégﬁagﬁlg?éSh)g@%f | ongPPM)

capabl e of supporting scal a
modw?éomarm@ famsddatipaschgrye pay bairpplemenieda baseband

pr %ém?arféﬁgt‘@zr@naya@ c%%a@g%@:&d: -BH% s%aﬂ]@%a@ﬁﬁg éﬁcatl ns.

n‘g_% nts of the invention be better rstoo
dranpealiparaie ©urlsHé Biba%?tlﬂ"ﬁ RFSPegsqrimodule. ¢ he

art fromthe followng witten description, by way of
' ' ion with the dravvings, in
BR'%?‘?:%EE%@ quﬁl&%ﬁg‘% tic circuit diagramof a
reconfi gurable UWB transceiver. Fi gure 2 shows a
r r f n
g SRkde i i e b RenaiRe L 8Os et apparent
to ooe Cffl qdinaryl skilkiing theeard fisin Wee mlloV\mg)ﬁvnHergldalscmlba,aby way of
exar‘nHeUt%l)'; AdH cBnj ?[Bé%\?lgl e%%ﬂ‘g@ﬁw ?c%\' on scheme for

carrier- eSSI sSin

t r Kigseei Veshayrs pi g@heénajtlc BIFqUiY IQED@ES@RIaDTemfIDHFabIe UWB
tranS&@s¢drl bed enbodi nent, a uniform RF transceiver is
prOV|ded whi ch can be used for design of a radio

sufth? e2f Shows- BFemensticuicuit ndiagiam i ef -mettitong nffgneency

synthesizer for the a reconfigurable UWB transceiver of Figure 1.

Figure 3 shows plots of signal streams illustrating a modulation and
demodulation scheme for carrier-less impulse radio utilising the UWB transceiver of
Figure 1.

DETAILED DESCRIPTION

In the described embodiment, a uniform RF transceiver is provided which can be
used for design of a radio suitable for MB-OFDM, DS-UWB, and carrier-less impulse
radio. Pulse frequency spreading and despreading is adopted to generate the ultra
wideband signals and demodulate high rate baseband data. Frequency upconversion
and downconversion are utilized to shift the central frequency to the desired subband.
The described architecture can adopt the different schemes through switching the
corresponding blocks and modulation schemes. The block utility efficiency can be

maximized and power consumption can be optimized in the architecture design.
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io. Pulse frequency spreading and despreading is
gggbged to genergte t%e ultra w deband signals and
waelemwsded1az e hi gh rate baseband data. FrequencyPCT/SG2006/000359
upconversi on and downconversion are utilized to shift
the central frequency to the desired subband. The
descri bed architecture can4adopt.the di fferent schenes
t hrough switching the correspondi ng bl ocks and

Mo As|shibivArin WJMEStheTﬁ}Sp@eGQ#F Wahbddiver GIEB n%zcl FnazéﬁnsinHtter

t n
R R e M R i
110. m\mEdDmat Calm&ﬁ@l’sv@‘DCbQQ 1!2”6‘1&%%8 Iﬁgl‘d’l a4 %%g%onveﬂem

t hesi zer
oA 8053 oot S HETEE, Giin At oo
Procgﬁsgrﬂaz Converters (ADCs) 112, 114 and Digital to

Anal og Converters (DACs) 116, 118 are used for
|nterfgaC| ng the RF transceiver 120 with a baseband

pr B tansmitiers1 021peludesdws midltipiers1 021, |1acltwdeﬁxérwq28 130, one
drlvemdrﬁdhﬁéﬁ ¢f§§ Moné’-%gwett \Qﬁmpﬁ[ﬁe)fe‘{f ]7% sSpeslgﬁalo gnglaégrdata

132, and one power
sequgr:i% 5g|rﬁggé§§mulw@>@d5@qg@ﬁ&@ qia;althnothlaId yerial to parallel S/P

conversionuh thePb&seBend proeadsal hes. ‘?Lﬂé %bli’ t&[)g\%?{lor?l S ?g}ﬁn efbip the

pPod®

t ase
oroRia b B I S eskBstiahont ed -t he. OoEM
Modul at or 135 or the DS Mdul ator 137. The parall el
g@g r 116, 118 can be nultiplied
nﬁL %r "a"fﬂ/gétﬁ rOEb@Cié%‘b%&ﬁ VidB rap badnultinied fitbi@ and |
UWBt mésqgubsxseogeeiys patarated Gdni thef QIS8 HukerRRF 208 & fofrﬁlecﬂUgﬁ?Mlel

frequéﬂﬁ%%aqﬂ@é@ SR o e b s at st Mt bemwicih.
he typ EeAvRIIceR gan @edltfe‘lmcen\lemandsnmyerﬁ IBandE MEIhS rlitdts 1%80130

respecRefith Uabdal Wéct,lliét% L@g@éqtﬁ z?rﬁ%ﬁaqtcg igﬁéer]a?egdm g'?gl multiband

frequenc ener at
frequglw?qyg p%llégr mgThqﬁeqdemem upcmyetspmmfaneﬂesarom GpBoriRrdddh or

2 dubl/ Gkt RRAVESBh Oftr WMBDIBR! o HULGRNYS S'%ﬂ{ésg{egtyely e

UWB schene, respecti veI
UpCOI‘gIFB?[EPlgn%{ﬁ @rq:mlrpﬁ%tog@g@q a{éﬂOaﬁnllad@a lmUnréntSJr R@tage combing

Cl ocC
e o USSR Al o s e

pUIsegSn?rﬁ fb pul se generator 108

The driver amplifier (DA) 132 is then used to boost the voltage swing of the
combined signal. The power amplify (PA) 134 is used to provide sufficient output power
to drive the switch 142 and antenna 144.

The receiver 104 includes one low noise amplifier (LNA) 152, two mixers 154,
166, two multipliers 158, 160, two low pass filters (LPFs) 162, 164, and two variable gain
amplifiers (VGAs) 166, 168. The LNA 152 is used to amplifier the received UWB signals
from antenna 144. The mixers 154, 156 can be employed to downconvert the different
band signals to the baseband. The signal after LNA 152 is a dualband/multiband signal.
Since the input LO signals for the two mixers 1 54, 156 are different, the mixer 154, 156
output signals can be differentiated.
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The driver anplifier (DA) 132 is then used to boost

the voltage swi ng of the conbined signal. The power
wW@eBi063131 PA) 134 is used to provide suffici eneCDSGEN6/000359

power to drive the switch 142 and antenna 144. The

recei ver 104 includes one | ow noise anplifier (LNA)

152, two m xers 154, 156, tsso nultipliers 158, 160,

two | ow pass filters (LPFs) 162, 164, and two vari abl e

gain anplifiers (VGAs) 166, 168. The LNA 152 is used

to anplifier the received UAB signals from antenna

144 ypichlsy, Lﬂrﬁc&ﬂ/@ dddincohbsicaior baalbaml dyadohversion are employed

for @E‘Miaggﬁéﬁ dth @r?.gtg]@fs ﬁ”t ?kr’%sr%%c@'gg/”ﬁ‘ég’ gbomﬁlﬁlpﬁiers 158, 160 can
act chsalchaelatorsu vthidhacdrrelaign tile. dBivneamvetied iseguence® ity mespective

tem&@ﬁf ;BJEegtf}%?n HeSlise %eﬁ‘#a'rat&ﬁ%fg bfid & Aiie pRILLssidd Gaif(RERE output

out put” si
SN%lu($lmﬁl énndise e@tlomqaineaﬂ $NR) ganr be echic@dionecynopairaionds set
_dual band. downconversi on are enpl oyed for the M3-COFDM
‘or the DS-UMB schene respectively. The I/Qnultipliers

158 heildtrscii. 464 ams ussst eepdieel thedesiked basebandsignaliand reject
out-@pmqm‘éﬁékﬁéb %@W‘RSGV\M $@eé&ﬁﬂ8\¢t&é Hl%uh@@'@'d@td?namlc range
co BHBER ol b b Sl it g, Pt o
the IL®FE 062} 964 EpdtVEAR)166 ameb shatdibevedighsg &s variable so that the

‘ nchr i zati on S up. e LPFs 162, 164 are used
arc'%%c ﬂg) tbr?eusggi?rrdift?r%ggtgﬂgﬁg signal and rej ect

out-of band interference. The VGAs 166, 168 each

0 ¥ Ergs o0 R AXIAR BRIty
LO. 1o:n¢s AareVIB4dvi da totalf oft tHefrécRiepcyl Bes 26 taabel gvitated 660r DS-
8 .
ORISR En APt HES IR o ol k8 o S, 15 Btk &ridta high band are
requicedpBiyt 7 GleREragesian of Mee freavrnsy csyntpsizRed06 erchitegture, those
desQ&f‘QFeéh&%X”l&nEé féa‘?ﬂH@'l{é’]eh@J %Bﬁ&rreﬁw '\’Beigfspr tﬁe example

frequency tones are to be generat ed
impiggeptatipn plvberifesyeraycyynthesied 105wt ba dgfscrtq@g IR BY9Fe @eté'f bejow,

with reiéncBadfigarck.a hi gh band are required. By a proper
desi gn of the frequency synthesizer 106 architecture,

t hose desired frequency tones can be generated
COIMher puist foherdloi 208 savbet ldedayag@pbmte UWB pulses for frequency

spreading of the baseband signal. Two pulse sequences 170, 172 with different time
locations are generated by the 1/Q pulse generator 108 for differentiating different bands.
Here, the | pulse generator element of the I/Q pulse generator 108 generates one pulse
sequence and the Q pulse generator element generates the other pulse sequence.

At the Rx, a detector 174 monitors the received RF signal 176 after LNA 152,
The RF signal will be processed in the detector 110 to determine which modulation
scheme is used for a current communication, and a switch controller 178 in the
baseband processor 122 controls the baseband demodulator 180 to switch to the
corresponding demodulation mode modules 182, 184, 186. An AGC (Automatic gain
control) and AFC (automatic frequency control) module 188 in the baseband controls the
VGAs 166, 168 and the frequency synthesizer 106 in a closed loop.
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i mpl ementation of the frequency synthesizer 106 w ||

be described in nore detail below, with reference to
wo2@ane3122 The pul se generator 108 can be usedP€DSG2006/000359

generate WWB pul ses for frequency spreadi ng of the

baseband signal. Two pul se sequences 170, 172 with

different tine |ocations ame generated by the 1/Q

pul se generator 108 for differentiating different

bands. Here, the | pul se generator elenent of the 1/Q

pul se generator 108 generates one pul se sequence and
theT hg) gDC&AC@eﬁéZaﬂM #1& s caerier ampbysdido dhfeeace the RF

tranRedi® BRIWRRGRe b% bRl B%ce&oﬁﬁk@ P?“Fer 4 d&gﬁbét%rng dR as

received RF signal 176 after
sampfing r@fe. sesiionegtci mre et der dhe lifferard $®en‘l@§er rﬁetlmls of the

spetifictibnd e atdnipile FsiERBHthfonURRde E%cruﬁe&H bt

conmuni cation, and a switch controller 8 1n the
baseband processor 122 controls the baseband

demhe HFatkaiscdiBér 100 caw bTeQJanﬁgmrédWﬁbr G%deﬁlﬁﬂpdlﬁ‘érﬁgt schemes such

d d | 1 84, 186. An
as (RO, - O e e Yo et GRikower Fensummtign are
scaleblatby aisingrdifttuére nl@beraihmnbes ebitsitiea@nbarals SThd 8etdie™or the

, ency synthesizer 106 in a cl osed
tme%%@%?#%ﬁ“ﬁﬂ%?Bgﬁgg%%%g 114, 116, 118 can be enpl oyed
to interface the RF transceiver 120 with the baseband
pr oaeerpiy 122. Different specifications such as
sanpling rate, resolution etc. are set for the
different schenes. Details of the specifications in

the @K@W@qﬁehd%hrﬁé%@@@ '@IE'DIW' Eéh gﬁlsl FI?IQ lgeérﬂéYOyed for

The RF transceiver can’ red
basghang signeking.chhe %&ﬁ@r?é%!"zsuw fa@qqesc ispoivadvigto andmber of

contiritipud S:ﬁarﬁrﬂil’d Oe.g.The @i,atm tﬂ‘%hﬁelﬁr\&ttfpgﬂﬁ{nei:%Bﬁ&ﬁ@téﬁﬂll-ﬁr €rhe
”fs g’ﬁ % HSI nr(‘;t fferent nunbers and ranges
rela h‘ﬂ @xf* dne §entig, Keqangies and ghannebnumbers '%ewernbg equation
(1):w Il now be described. MB-OFDM A tine-frequency
i nterl eaved OFDM schene (TFI -OFDM) is enpl oyed for

baseband signalling. The 3.1-10.6GH#z UWB frequency
baGHanre! dentedrdgobacye= p8IE528% ng@MHzNUOUS changgl s,
e.g. 10 or 14 channels w th channel spacing 528MHz.
The

where ng, =1, 2, ..., 14.

The resulting OFDM physical layer (PHY) channel allocation is summarised in
Table 1 below.

CHNL ID | Center frequency
1 3432 MHz
2 3960 MHz
3 4488 MHz
4 5016 MHz
5 5544 MHz
6 6072 MHz
7 6600 MHz
8 7128 MHz
9 7656 MHz

10 8184 MHz




10

15

20

25

30

rel ati onship between the centre frequencies and
channel nunbers is given by equation (1): Channel
W@ emwsne3182 equency = 2904 + 528 x nch (VHz) (D mEs€2006¢M00359
=1, 2, ..., 14. The resulting OFDM physi cal | ayer
(PHY) channel allocation is summarised in Table 1
bel ow. Tabl e 1 The dedi cated frequency synthesizer 106
generates the frequency tones. Phase-| ookedl oops
(PLLs) and Single-Skdeband{sSsSB)—mxers are enpl oyed
in the frequency syﬁﬂhesizergmaaﬁﬁhnf$lls of the
exanpl e frequencly sylr%t he ize?‘z@@@{‘? or{synt hesi zi ng t he
bands 1-10 are showd=in Fi ,,,,97,§8§{IH2“ Wi ll be
appreci ated by a nar%%n | 40226 MHZ4 pd art that and
how t he architecture shomm T%W¢ﬂgure 2 can be directly
extended to e.g. 14 channels. In the 10 band frequency
synt hesi_zer architecture 200 for MB- OFDM schene,
ThogilsaiGR d oater ey SaMarcie st 9 CRRpieffs s Godoney Bes. Fms tooked-
Ioop%lODLLB)L?andnEmalb$ldétgandS SEB) Orrév@met;raié eerdffloy<@ i ghal ﬁiequency
14-2 ree vi ders L vide 3) .22
syniBasl e DS Grine S BhAlichSs Simrdhiaf g fik vy e
ban@82510zare sBOAMVIHzFigate 21uitevithbe 2Bgdlecisiegingl = pesspekiled &l the art

thatTJ?'n% I?cﬁ\?t rcﬁlitﬁ%ﬂ?% sh@lin l?r‘? | % %a%éfnt IEEE ‘e’@ée(&'% e&e(f'\ldgﬁ 3?1 aﬁ% 14

rou e conbi hi ee
chalorm In2Bg 1é)nb|ar@32t§thnph swnﬂaem&_r gehitactwe @00 1128 Mdz MB-OFDM

schéhgr@hy &ﬁ?é POUBBS 3hd 498)s dsé Rke Lsoﬁ@ti @E 3@ 4@ %@Qﬁiém are

are generate e architecture

useqi ﬁp wrmﬁt@ 19 LOstigrals é#4-3¢h-t %%dlzgers (diyige dye3) @Roy24foand 228
gendfatd h@m e (&f neBal a@§) AOINVRE3 (o GRARFA zfﬁ)yandAzez;MHz (at

switch 242 at the out of the archltecture 20

numgial ¢3¢ LSIgnAlsTepPestyslée et??@ Vg pigpaliciR beased gh H]essyz?m clock
signial Tﬁ&ﬁxgh RS etnibingioh @f tegutred ,sugnalst(iz@) B2 @EE&M) with the PLL

oonE S EE Sl i S5 B 0 LSS b a7 ar

gengiiakeey Isy &@&rcﬁfé@tuus 2do ishowiXin &r@rd 2Baleoter swildhés 2886240 are

proi gtk i of pSRRLP8 2 217 PaefR, A BRRST e R g ot or e

arcHiteetgree2(fyis syatt th sslezeretd6éh th8irespeciiuel [<esifnads Aehtoy223.

Returning to Figure 1, in the MB-OFDM configuration, the transceiver 100 adopts
I/Q quadrature upconversion and downconversion, with I/Q mixers 128, 130 used in TX,
and 1/Q mixers 154, 156 used in RX. The quadrature voltage controlled oscillations
(VCOs) are provided by the multiband frequency synthesizer 106. Since pulse frequency
spectrum spreading and correlation are not needed in MB-OFDM transceivers, the
multipliers 158, 160 in Rx can be configured as linear variable gain amplifiers. This can
be achieved by feeding a DC level from a DC bias circuit (not shown) to the multipliers
168, 160 instead of pulse input from the pulse generator 108 for each multiplier 158, 160
when used for MB-OFDM transceivers. A variable gain range 0-30dB can be achieved
so that the requirements of the VGAs 166, 168 designs can be greatly relaxed. The
multipliers 124 and 126 in the transmitter 102 are also used as VGAs when operated in
MB-OFDM mode. '
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spectrum spreadi ng and correl ati on are not needed in

MB- OFDM transcei vers, the multipliers 158, 160 in Rx
w@a0vshes1aonfi gured as |inear variabl e gai n anpP@CT/E€2086/000359

This can be achieved by feeding a DC | evel froma DC

bias circuit (not shown) to the nmultipliers 158, 160

i nstead of pulse input fromthe pul se generator 108

for each multiplier 158, 160 V\,hen used for NMB-OFDM

t b a can, be .
nch o e @it butBRh A L AT R PIAG R Bgs iy By the
LPFgeli2g 164 caiBobangiwidth | ganr le¢ aebds 2P4dIHzUIThee prarsnattel? dpectrum

pref&@glyll?e@ h'y 4Be (48 ‘”i‘é‘lémet Eoe{hel%éﬂ{ é%&raﬁ%gﬁlsﬁsof Ras signal)

when operated in MB-

ba“‘é‘@%ﬂéﬂﬁ @xceeding %q4deFs DR ﬁitﬂ%l“@"éﬁmcﬂnﬁseﬁm +20 dBr
at 38X MHErdgBbscyldiet ér@“abo%g Briapans 468, 'ﬁi@rﬁ)@? %%n&ec‘ > can be set

spectrum prefera

The t tt
as 0%%9%@ arléqe"éll"’;@gg‘{n@opﬁ@"%m nmum spectr al denS| ty of

the SI gnal ) bandw dth not exceedi ng 264 Mz, -12 dBr
20 _dBr at 330 MHz

uenc ffse d
P el o e S8 Taen gD For Bl cambuneisna armission
UWB ap@mucrana:tle if $het lowsr meca@da/ fMof mea)pbmndg\rodrﬁdm&h for the PA 134
is ﬁx'zéé%geﬂa' HESROE Bllor Pcl By £ 42080 oﬁgﬁ)é;(gp?gﬁg 188GHz,
assyming Hat tr@vt@;nsmrtmwensgeqtr‘al dﬁnsttms fap evartther gntiva bandiviitith, then
d the upper
the o kit Ubbr o) CAriifoltectod ST |08 1EPE GHz,

frequency fu is varie

assum ng that the transmt power spectral density is
flat over the entire bandw dth, then the Bt al
transmt power Ptx(fu) can be expressed as™fol | ows:
(2) Taking fu =10.6GHz, the PA 134 output power for a

f t I ted -2.5 dB
ol - BTl OR SLble kiver oda iy sabcaonrnbe
calcuatgaals, ~2.5108nt. NorkM3  GUOHBLPA abebaekbit Ri fiskded 48 a OFDM
siondy & FREIER' PRI Bl Pl Bl i B B 150
arougd 8$s7.ABBamPhé PACI34 OBO\herconﬁmlreEd)ias & slasd Aee bathsk INBOagplifier.
Powérkh%npé %gﬁ%cé A g n tf?édgAcl ta(n a2 {3%!9 cgﬁctggrgt%{ggsr 5r{eafj?éred.

Since t si gnal an wi d
ADCs 112, 114 and DACs

Since the baseband signal bandwidth is 528MHz, the ADCs 112, 114 and DACs
preferably work on a high sampling rate, e.g. 528Msamples/s or 1056Msamples/s. An
ADC 112, 114 resolutions of 4-6 bits is preferred for the complex signal processing in the
baseband.

Dual band DS-UWB

The DS-UWB PHY waveform is based upon dual-band BPSK (Binary Phase
Shift Keying) and 4-BOK (Bi-orthogonal keying) modulation with band limited baseband
data pulses. DS-UWB supports two independent bands of operation. The lower band
occupies the spectrum from 3.1 GHz to 4.85 GHz and the upper band occupies the
spectrum from 6.2 GHz to 9.7 GHz. Within each band there is support for up to six
piconet channels to have unique operating frequencies and acquisition codes. A
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preferably work on a high sanpling rate, e.g.
528Msanpl es/s or 1056Msanpl es/s. An ADC 112, 114
wo e@sler1Bons of 4-6 bits is preferred for the PORPGENG6/000359
signal processing in the baseband. Dual band DS- UN\B
The DS- UWB PHY waveformis based upon dual - band BPSK
(Binary Phase Shift Keyingp and 4-BOK (Bi-orthogonal
keyi ng) m)dul ation with band |inmted baseband dat a
ul ses. tmo i ndependent. bands. o
comBlRrt GEV6R 15 HRETOIA B i ORI PPRE e pRCT R FHargR -4
which. dre Gthet Iow4a88. Sdpgpoa sk mMe&mhnélaBdl 2d¢ opiurak BASK and 4-

50K REF woP QAR S (0 e sl it Sl BarSRfibec8ibor being
compesasi offd spopenqeofdiWBgUsesqlienciriess datd raleg ares supported through
o SEEEE SRR 5ok Bh 58 Vi S5 g g
from hta 2¥epulens dyaehips’Support for piconets channels 5-12 is

optional. BPSK and 4- BOK are used to nodul ate the
data synbols, with each transmtted synbol being

cor‘@ﬂ'@é%?sé'ﬂb%ﬂ g erivRE d 08¢ dughBansis feam 3. TiReh-8RGHZeRd Gidtta S.7

GHZ Qlteeénﬁlb?eds Lm%mi Kk bhke %gtéaahg dhdiesHabinY aarré @Bh@ﬂ #agiulog
Sp r eadi ng code SGC’ uences,

don}aghﬁ‘sF?gfxdf q)folfih tll1e d(_l)gtgh bﬁﬁb@@é\n 'Bhus g'%l gvgita? mfﬁrr?q{Qn data can be
dire6tBS€dnveréd td avdaiateyowWBL Pllsedthrdughaihe sdeserbid3ankldgomodulation

Schi g L BB aa. LIRSt HOHEST Fd 8 Zhaipgeousy be
bypa‘kmﬁi(nyﬂﬁstoeamboﬁbn naod)tihea DBdIWBI mbides ebtandrandduiner t186. In RX,
throH% arllaa?%lc nf trg%t fh%@u&%ﬁo%ba;%g ttﬁgmghla?e%t %th %Yq%réo% h Qhich

pul s escri ana
advamalsu&oa:singmﬁdaeme relaxes thhudesignerebpiGemdrt Gor mAD@smz 114.

Det%[?eof @h)é fr& Hbl'é?g%r%gﬁgggﬂd %W ﬁé&%&g&ié le%arn@? l?%éﬁg&%%q 100 will

ypass c nnec
nowthedesedager 100. In RX through anal og correl ation,
the pul se data are denodul ated in the anal og domain,

whi ch advant ageousl y si gnl ficantly rel axes the des |an
r eduthectansmifies r10?h@e leh hgseband dat@éram%tlpaﬁd @il /Q pulses

for fré RRHEN Qir&st s‘fﬂi %e@“fheqoﬂ“\d@Qsﬂ)lﬂé&s' for théh BXRIRAR a time
mteEnglrc]iﬁ‘f%%n\égr Here, the I pﬂlggv gbe%e(rja?grc cralle%%ﬂt of the 1/Q generator 108
generates one pulse sequence and the Q pulse generator element generates the other
pulse sequence. The multipliers 124, 126 work as modulators, which modulate the
pulses with the digital information bits received via the bypass connection 139. This
preferably can reject image and interference signals during the coherent demodulation in
RX. Dual-band frequency upconversion and combining are performed on the spread
signals utilising mixers 128, 130 and the combiner 140. The transmission data rate can
thus be increased by utilizing a wide bandwidth. In the described example, DSB (Double
sided-band) p/down-conversion is adopted for the DS-UWB scheme. Assuming the

baseband signal x(t) is converted to two parallel signals xl(t) and xz(t), the

transmitted signal can be represented as:

9(6) = A ()% pr () cos(at + 0,)+ 5,0 pp©)x cos(ayt + 9,)] ©
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In the transmtter 102, the parallel baseband data are
multiplied with I/Q pul ses for frequency direct
w@progaeiiey, where the | and Q pul ses for each PENSGHaw@00359
atime interval difference. Here, the |I pulse
generator elenment of the I/Q generator 108 generates
one pul se sequence and the1Q pul se generator el enent
gener at es the ot her pul se sequence. The multipliers
124 dul ate the pul ses

r as nod whi ch
wi t“f%‘e %. t AFPTPH gh‘?d??ﬁ?ﬁ"‘tﬁ ?@trﬁg%%wea'e% phiheisial bands,
byp tyi 3 T bl vy
i m’éé%sﬁ‘é‘@f‘ﬁ?sr%& S owel P FEQEHA 2 M bfdFd
represamtel theaidriot of thdRfata Puta) aﬂlﬁﬂdeﬁré@élﬂ@ﬂﬂéycdh%ﬁg&’ﬁéﬁ'of)BA 132
and%?g] nblnlng are perforned on the spread signals
| S| ng m xers 128, 130 and the conbi ner 140. The
transm ssion data rate can thus be increased by
[ wi dt h the descri bed exa
st i sfidpbet! SEmBRLAA SShraied ol AT Bty ptted10dB
bangwjgth) fremes5 BGhizhibre the Assimatifreguérity iH226GRIRATS M &le central
roatc) & et LR BritfoP 1% “RecH a3 i L o0 e ueea
so thag h@@@qon%dwﬁrqwencw'sé@gxf 292 to 4—7922X3vH<22 ThjaugPlpulst sskaping,
utllls‘i‘r@ﬁl{)MBZ %@)u\)%?ﬂfeﬁe@ﬂgqtfeﬂw @5’:‘??&5 sh%%;dr BIRE W yﬁ}d frqm. 3.1 to

fre uenci es of represen

4. 7958%&%@‘1 Bm'%)s Sem'!ag@ etpesalfﬁ tq the high@andtf@rm@rz to0.7GHz, a
6.07ReRHMLL Ot bdasLEd @it Hle tRBnidHA ﬁ&%b%ncy:"ﬁgndo‘ls fiom 6,572 to

M P e DRI e o

freqieney sgmicysizea aghitéctdrOdBo baswived bbove Wit MeforéndeQo £iddda
thus the central frequency is 2.25GH#z. To shift the

central frequency to the | ow frequency band from3.1
t olndthg 5 eiver 450912 dskb bhe, ]Sf&qu@&:yltmdmcsmdril&i |sg§_|zl#formed first,
n is froml.2 to 4.792
follo Y APHaL R O SRMTT T B ioE P Rhen S, ( ne
upconverted frequgpcy can be shaped to the | ow band
ij(t)omo@(aﬂf+¢o)4<ﬁlgée-lzl(()- 1QdB band width). Similarly, to
shift to the high band from6.2 o 9.7GH, a 6.072 G«
LO can be used so that the upcoﬁJerted frequency band

is from 6.
Bxy(t)xcos8w2t+¢o XPQ8 Linz(t)

®)

where B represents the receiver gain. The baseband signals X, (t) and x, (t) are
thus recovered, and are converted to a serial sequence x(t) through the parallel to

sequential converter implemented in the DS Demodulator 184.

For each band, the LPFs 162, 164 respectively —3dB bandwidth can be set at
half of the data rate, e.g., for 500Mbps, the LPFs 162, 164 bandwidth is 250MHz. The
VGAs 166, 168, which have a tunable bandwidth and can be used for different
modes/standards, have a dynamic range of 0-60dB with a bandwidth of around 300MHz.
An integrator with small —3dB bandwidth (e.g. 1MHz) and large unity gain bandwidth
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10.072. The LGCs of 792MHz and 6. 072GHz can be

generated formthe proposed frequency synthesi zer
w@e@hioeaat ure 200 descri bed above wi th refer ene€r/$62006/000359

Figure 2. In the receiver 150, in each band, frequency

downconversion is perfornmed first, followed by

coherent correl ation. This1dan be expressed as LPF

Bxyi xcosiw +fjxp —Xl(Jf) (4) Bx y{t) x cos\mQt

r r
(057 AGHED o b2 2o tordebler W' o s B8 0T o 3 Kpwsr cspeten
°Ut%l?§elrcé6@@é\ewf0r mﬂablgsmnl@g\p@moea to a serial sequence
x(t) through the parallel to sequential converter

npl.emented in the DS Denodul ator 184. For each band,
t h@"I_CPF%S‘?LBECO“IGWOP isparipyaddn jhe demribechavdnchle, apuisdshaping

t { {
fi IterSi%FuSs@H gg&bjflegtgﬁe |h\%gg%i aF éﬁcﬁto §h£3e thE&fp\c/%@\%W%%éanle bined

uw ?1%%%! R tﬂ?FaB‘l‘ B'EHPJM &Ph%éeéﬁﬁ'%@d as dkp Nt stage of
the ﬂAﬂBE,r\midre ﬂ’m:iﬁswtsﬁaiﬂdﬁg sl pmvﬁlaﬁlng)b@ﬁ%(beﬁém &@hecurrently.
v Pl ind o B2 cuug - BaR i qommcesge Taes g puise
shaping glterulFmrtlyleglaty rhhéaBAdl\Bﬂakt prieteraply téhfiglrebds Helade ai tghe Bince
o RS0l A g ] b S o o
band applicating andrSotim fcfsuad@\eerrbsad epelsatian.ti on is enpl oyed

in the described exanple, a pulse shaping filter is

used to r ect the inaga signal and to shape the
Bisahereerdhe &9 OsvB 25 i1 g aorls pr @t samplinghiate equal to

the dﬁsﬂé fefte ﬁfhﬁﬁ' rB&blfitidnt 24 bﬁsarhsbtﬁeﬁ%%bg @1881\/@%14 Qlﬁgg qgéfjif} 18 are not

the DA 132, where the input matc
req“ﬂﬁ‘i?gbthg PSYWE schrmeeng e paesedeoncur rent | y .
Advant ageously, the DA 132 with a gain 6-1 QdB can

coppensat e & loss in the pulse shaping filter. For
|I§§é@ﬁ&§—#&2-PA 134 is preferably configured as a

class A type. Since no back off is needed, the PA 134

oY B! N b5 BT b5 el B0 e
basegidg\VBdeetrisceiver. An impulse radio can be designed for each band, and the data
rate can be improved by multiplexing the dual-band data.” The TX generates pulse
position modulated (PPM) UWB high-order derivative pulses that are then emitted by the
UWB antenna 144. At'the RX, the received pulses are firstly amplified by the LNA 152,
The amplified pulses are then correlated with the local pulses, further amplified and
integrated to a constant level for A/D conversion. It will be appreciated by the person
skilled in the art that the integrator can be integrated with the VGAs 166 and 168 as
output stage. As such, the signal modulation and demodulation are both completed in
the analog domain.

In the transmitter 102, firstly the CMOS | and Q pulse generator elements of the
I/Q pulse generator 108 are employed to generate Gaussian monocycle pulses which
are the second derivative of Gaussian pulses. With the rising and falling edges of an
input digital pulse, positive and negative UWB monocycle pulses occupying the
frequency band from 900MHz to 5GHz are generated. In order to meet the FCC
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In the DS-UMB schenme, the ADCs 112, 114 work on a
sanpling rate equal to the data rate with a resolution
wQ@20h8063132 As nentioned above, the DACs 116, 1RGI/8&H06/000359

not required in the DS-UWB schene and are bypassed.
Carrier-less UANB The described architecture 100 can
al so be configured as a dudR band i mpul se based UVB
transcei ver. An inpul se radio can be desi gned for each

sped‘l@ﬂdnasﬂnﬂwet B@sé’@br"é f@%@r QQBIJQ% é@%ﬁé’pﬁe& S8 Fequll the output

pll xi ng the dual - band
pulsgs, Pé‘@ Bgéret% Redristuihaidh depraiye gi\Bakssign mlmthat meet the 3.1
to 10@Hz PO niaskoubetars Sihas ointid MleEhihiditin e hfifitMBiio mode
W enna 144 At the RX, the received pu ses
W'"rfon s??‘fls URified by the LNA 152. The anplified pul ses
are then correl ated vvith the | ocal pul ses, further

anpkidhh,Gfl .ﬁﬁ‘—‘f‘ dré‘%e b?fgg.'%f&g%é %Eﬂw}a&&&!&qé@ﬁr{e %eDdlgltal

conver si on.
baseband [signalsrto tUWBaqutseS h'Eﬂe basebami NERZahok- rétﬁﬂh-tb-@ero) data (curve

a) aﬂerﬂsgg gﬁbﬁ% met'ﬂ( bge S\(%Aaeia&ﬁ ?)alr Ogﬁ%gﬁ%ﬁﬁ &ageﬁ) g%}??atég @epalr of

UWE, fthy Q‘}’ﬂ\ﬁ‘ilvét‘éfdGall'ﬁstahepléﬁml ihpugbrthe X Ich’lcditb,ethe location of the

. gendrétad pisk @fur\;]é)lg)' arfa'tﬁecréijo By ih& B ita (Sc In this
%ee % g Pa Yry§ &y o

ener at or | enents of e gene

scheep MsHplern @%éﬁ%ﬁ%@l@e@w awaﬁat%ww thepuilVBeifthvderiedtive of
Gaussian phreseno n]@erfé%téd/ alueVe @fe %H&ﬂser‘fn?cgleﬁgﬁ reswlé)hg'e tPGhe

translr{')rﬁ@elfrntﬂ‘('/ta'ﬁ1 zg1n 89 IgNE a81 %g%aggmﬁgc&zf&%ge ﬂMtg@sflrsjwupgtwagaf the
Gaussien fulssguemoy changbnbies &@Mﬁéh%ﬁlzéﬂgtr@rrgc@%ﬁe‘éqcuwe

I k, th S are
o Th8 8 gy RSl e SRR 2 R ol i g oo
pulsgoggnseagonnt0d (fighke a). hs Ipaqsedqulmleattoheﬁ frd rfebend&{ bm&és' (¥6irve b)

and @Erv@%)‘ﬁh%ﬁllpﬁéjr ﬁgé’he i} S %ﬁ%ﬂr@ éﬂt@rmxf,d@,tp §|g@al (curve
d). Thﬁplgtegéatpamlﬁpm@ervw é)| ah@\\DCIs;emEStM f()IEigureAﬁS) &ﬁ)@“‘&i it® the

|nterrﬁé(ﬂé{6|es£|}g|;°htazljl?c{ase rs! ﬁ]&uti %}%mtit%\ﬂgd parem:grves (e) and

a))- paseband NRZ (non- return t 0- zer o) dat a_ (curv_e a) are
used to drive the TX PG Since each pair of input data

enerate a pair of
eturn g to Figure 1, since no upconversion/downconversion is needed, the

mixers 154, 156 are configured as a linear variable gain amplifier for RF signals. The
frequency synthesizer 106 is shut down.

For intermediate frequency (IF) processing the LPFs 162, 164 are used to reject
strong out-of-band interference and suppress the leaked high-frequency pulse signals. A
third-order elliptic LC ladder filter is implemented: with a cut-off frequency of 250MHz.
The LPFs 162, 164 also act as the load of a differential amplifier. A two-stage cascaded
variable gain amplifier can achieve a dynamic gain range from -10 to 45dB with
bandwidth 300MHz. A low-pass feedback loop is employed to reject the DC offset with
cutoff frequency 600kHz. The Gm-C-OTA (Gm-C-Operational Transconductance
Amplifier) integrator achieves a low -3dB bandwidth of 1MHz and a high unit-gain
bandwidth of 1GHz. This provides a high integration gain and a long holding time. The



10

15

20

25

30

UAB fifth derivative of Gaussian pul ses through the TX

circuits, the location of the generated pul ses (curve
whooanesisher ef ore nodul ated by the digital datBCT/8G2006000359

a). In this schenme, nmultiplier 124, 126 (Figure 1)

work as a VGA while the UMB fifth derivative of

Gaussi an pul ses are generati@d due to the bandpass

frequency response of the transrritter unit 141 (Figure

[st derivative, of
stee{d& |nt&rﬁl&%r? gﬁﬁx %lﬁag el-gol(% ch @é‘ "Y'thi )é e<ﬂ é"r g&rgrdd%go circuit charge
leakmgachroni zed to the received pul ses (curve b). The

first derivative are generated by the I and Q pul se
generator elenments of the 1/Q pul se generator 108
( Firgeaperaty ADCrahimermpleying flashparchitectuonand 4biieesobdien ieatopted

for f&Hhél‘escigl(é? lH’r(Yc%sg}\%E?ﬁ”’?hé BELENE) i B MBILd ik é)I%[asAﬂé%’es §QNlth

Pure % enerates an i nternmedi ate sign
adJUFF?é G iee@glion Fasnbe used, for (tes differasy Wweﬂm@nqams A PhL with ring

oscill&tb0iér @scl) fof Rk Rhetbioh ¢ o HB&( Ggﬁjér%? 189k ARk {WoUsasBaded

covers the transmtted data (conpare curves (e)
de'aéméckeg)kaops L} Aiengseddorpygighonizatian. n e iy DLLs are capable of
delaymgqnyeﬂ@a?mﬂmmgmﬁvefepsw 1in§ dheegads résﬂfécme]sﬁrflﬁjrﬂ\é“pulse

confi gure var in amplifier
acafigforktRe AT e s g B P ass JURE £6IE Bhydn the
baselmand .defests the amplitede af tefcorgladantdut Bhd fedcleBss fge bk using

- of - b
o L, 80 1ol k14 US4 TSR g s

: Subp@qt@etlys |agrmrlg-latg ttaeking Jande remglldyed tto dock Ghé debdepuléed wigh the

rece'n%'g ng ”5@% %rr&gf'gotn?zg SI’OI'f F]ercqplrs‘l?igrtrI %58 Xrag{q P$ X géd?talr]elae the

coheyapl demasiulation Mlbtal;f.¢ algee.dhwi deeappresiatethby thgapenson skilled in the

[ to
B D Bl g e,

|s enpl oyed to reject the DC of fset with cutoff
frﬂ'ﬂé‘&!&é’é&rlt@QQ?’a‘ﬁsceWE et frodlld quﬁ?e RefiRkiuR Jhich can be

sconduct ance I|f|er i ntegrator achieves a |lo
adopigh KA JERETBYS. TORATSHAC GRS At o WF OB NRsHemS in a
dire€tfcodriion dFthRediirey Fetethe DIWGIB sdhbRE@! Ad bastbaal Purks @héblng is

e fur i ks ‘<A mByFoG 157 rest dOUEh nieetiing 2 hew PPM

- scharha tigearkisitdege can be used for dual band impulse radio applications.

More particular, the described architecture can provide a unique reconfigurable
RF transceiver for MB-OFDM, DS-UWB, and impulse radio. A multitone frequency
synthesiser architecture for both MB-OFDM and DS-UWB can be provided. An analog
UWB pulse spreading and shaping scheme are used for DS-UWB. A dual band analog
DS-UWB modulation and frequency conversion scheme can be provided.
Reconfigurable mixers and multipliers for different standards are used. A PPM
modulation and demodulation scheme for carrier-less impulse radio can be provided.
The described architecture is suitable for scalable data rate applications.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific



A separate ADC chip enploying flash architecture and

4-bit resolution is adopted for further signa
wEe@seeHBNg in the baseband. It is noted that PCESENE/000359

design with adjustable resolution can be used for the

di fferent nodes/ Standards. A PLL with ring oscillator

is used for clock generatidd in a clock generator 194

whil e two cascaded del ay-1 ocked | oops (DLL) are used

emlﬂcogfme?ﬁ/snmﬁ(ﬂg 'o%%!ahﬁa fr%ﬁethé ‘gﬁlrlprlf%r S’Sf;gé)ee ogfip aﬁ’lg(grétﬁ%\ & prradly

des‘?@@ﬂeﬂiq Rrepsnt emhodinepnse brse theeefories ot booonsideeed in all respects to

be iRRSHVERRH #8f restiBiid) IS included in the BB NRZ decoder
186, in the baseband detects the anplitude of the
correl ated output and then delays the clock using the
DLLs until the correlated output is larger than a
pre-determ ned threshol d. Subsequently, an early-late
tracking loop is enployed to | ock the | ocal pul ses
with the received pul ses. Once the synchronization
(acquisition and tracking) is sustained, the coherent
denodul ation will take place. It will be appreciated
by the person skilled in the art that a conventiona
DLL can be used as a reference design for
i npl ement ati on. The descri bed transcei ver can provide
a uni que architecture which can be adopted for
different schenmes. The architecture neets with the
MB- OFDM schene in a direct conversion architecture.
For the DS-UWB schene, no baseband pul se shaping is
needed t hus the power consunption can be reduced.
Thr ough introduci ng a new PPM schene, the architecture
can be used for dual band inpul se radio applications.
More particular, the described architecture can
provi de a uni que reconfigurable RF transceiver for
MB- OFDM DS- UMB, and inpul se radio. A nultitone
frequency synthesiser architecture for both NMB- OFDM
and DS- UWB can be provided. An anal og UWB pul se
spreadi ng and shapi ng schene are used for DS-UB. A
dual band anal og DS- UAB nodul ati on and frequency
conversi on schene can be provi ded. Reconfigurable
mxers and nmultipliers for different standards are
used. A PPM nodul ati on and denodul ati on schene for
carrier-less inmpulse radio can be provided.
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The described architecture is suitable for scal able
data rate applications. It will be appreciated by a
w@ersos1skil led in the art that numerous vari aP€DRE2006/000359
and/or nodifications may be made to the present
i nvention as shown in the specificenbodi ments without
departing fromthe spirit db6 scope of the invention as
broadl y described. The present enbodinents are,
cLAIMg efore, to be considered in all respects to be
illustrative and not restrictive. CLAIMS 1. A _
redonf i fuiesenfigurable RErtsrsicsiver epphlol & subpertipg GB-OFPM, DS-

uwwear@ﬁﬁaws@wn oﬁf&edt'@?ﬁé‘ﬂaﬁ@n Lo i n different

rati q_n nmodes. 2. The RF transceiver as clained in
gr m 1,7h¢ dRp rtf%WSﬁ%jV%[ Al geimeH einf elatiuchcgonerisinigesi saititone

fi aes isyRibbslse ReHABUR edpaBRNG! RhbREnd W itidrRaS: (B.0FDM and
o mOZS%M and DS- UWB. 3. pThe RFg%r ans%@l ver as clal rre% an
Dsyﬁ’clalmslor 2, wherein, in a DS-UMB operation node,

puBse sphe & W@saéider&ihaﬂalﬁggﬁﬁ ReeiifRs ar & 4, rmie?émnuh%d El)’slfl.rJ]WB
0 transcei ver as claine
opersifh 88 Opl P SRk Buing'nd SRadihe sEfHte s Enpisabanies In the analog
domeweratlon node, a dual band anal og DS-UMB nDduIatlon

ang, freﬂh@ﬁﬁ%raﬁg&\fﬂr% Oﬁ'barﬁggﬁngwaraqieyéf aém e?.alv%reln in a

The RF transcel ver
DS-W\WBy operalifiy F@idﬁ»gaadtta' dapdianalog PEAIWB wodyatici agd frequency

conv@mdhghl.@@pé @npqiéngé to anal oge converter nodul es,
reconfl_gurab e rrultl ‘ier nodul es, and a

retonfi R BEH@WI%@SWW iﬂs@n)’rmw@lalmaﬂablﬁe coffnprising a
tranéﬁhlwoﬁfotiﬂlg L CINe SR re@@nﬁéﬁ%bl@%ﬁhﬁtbﬂw laﬁﬁloé@ddoﬂvérﬂart rquules

rent eratjon nodes scel ver

reCOEflgé’ir%é%mHI“B‘o%%o dulgserRd A resapfigyrable sriveramptiferunedule, capable

of sdppoﬂtlh@ MBscomme BS&JWBX&ﬁdSmm%BQ&!l@ﬂ'l the d%Fd?%ﬁe V\L%r{r @I&rj]es

ocput s Bl BT Rt R B 3B S reESie v esmier el
furthemmtprlses mhersr anaated to ahbﬁs @F th‘é&és;fb&m}é febErfighRM Rultiplier
modl]l s m?er L{p?lﬁsﬁc?ﬂ"l\{ﬁe reasspegtlv% tm)a(grslar}e %lomblrr%d 5asoarn l?\put to the
reconfi gurable drlver amplifier module.

7. The RF ftransceiver as claimed in claims 5 or 6, wherein the
reconfigurable digital to analoge converter modules are connected to respective ones of
the reconfigurable multiplier modules, with a selectable bypass connection for the
reconfigurable digital to analoge converter modules. V

8. The RF transceiver as claimed in any one of claims 1 to 7, comprising a
receiver module comprising reconfigurable multiplier modules, reconfigurable low pass
filter modules, reconfigurable variable gain amplifier modules, and reconfigurable digital
to analoge converter modules, capable of supporting MB-OFDM, DS-UWB, and impulse
radio in the different operation modes.

9. The RF transceiver as claimed claim 8, wherein the receiver module
further comprises a low noise amplifier module connected, the output of the low noise
amplifier module connected to inputs of respective mixers, outputs of the respective

mixers being connected to inputs of the respective low pass filter modules.
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reconfigurable digital to anal oge converter nodul es
are connected to respective ones of the reconfigurable
wordosiopdiB2r nodul es, with a sel ectabl e bypass PCT/SG2006/000359
connection for the reconfigurable digital to anal oge
converter nodules. 8. The RF transceiver as clained in
any one of clainms 1 to 7, tnprising a receiver nodul e
conprising reconfigurable multiplier nodul es,
regpnt i gur ﬁP't%nL%Wef%§Sclélhml5& il c%%“g% 9 %%Pé“.i ogﬁj%b&fe(he
variabl e , recon ura
reSantlgEtr&ponﬁgu@h@l bxg\e peshier enoduingubres corymstsidl to dfputs of the
u
rosp i o Lre SHihie o ch A e fB o LBt e b IcBfective
variablegaieamplifier modulesRes eanReetrd te espective appleae éo digitalisepverter
mod@egpri ses a | ow noi se anplifier nodul e connected, the
outﬁut of the | ow noise anplifier nodul e connected taq
ts Hte Redpescejvepanfiismed inany one of glipimsbiq E&padersj in
a caﬂ‘leMEfsS nlaﬁule@ r&did ek ed pulsel mufoa radduldied (RRME aiddvltib®end
d &ﬁﬁi [ ter nDduIFs 10.. The RF transceiver as clai med
em 'Ioﬁlsﬁ%e'%e 3P 1gPleMRREdi n out puts of the respective
r etdnf | The BBltansaivepas sldiméd ér ampond elclaims T anmeadapeble of
W f..t r dve reconfi gurabl e vari abl e
wa%gwﬁggﬁéﬁ?gﬁgﬁgﬁéﬁgﬁgfgﬁand out puts of the respective
vari able gain anplifier nodules are connected to
regpect '
ThERE [onedar ek S Bhddlh dipBKeL SRttty Bcoddied to o
basep@ndlmgcesm@mgdtﬁe in a carrier-less inpulse radi o node,
a pul se position nodul ated (PPM nodul ati on and
denodul ati on schene are inplenmented. 12. The RF
transceiver as clained in any one of clainms 1 to 11,
capabl e of supporting scal able data rate applications.
13. The RF transceiver as claimed in any one of clains
1 to 14, coupled to a baseband processor nodul e.



