WO 2006/ 071197 PCT/ SG2004/ 000429 Fully Integrated Utra W deband
Transmitter Circuits and Systens BACKGROUND 5 [0001] The present
invention kehajees71liey transmtter circuits and systens, e dmHf000429
particularly to ultra wideband transmtter circuits and systens.
[0002] U tra-w de band (UWB) is a new and prom sing technol ogy for
hi gh speed, short range and portable w rel ess conmuni cati on systens
and devi ces. Mulﬂphﬂagﬂ%@[ﬁh‘aﬂﬂé&h&aﬁ "oppemitier Ciresits mnid $ystems
devel opnment of short range and high data 10 rate wireless ~

comuni cati on applications such as BACEKEISUREr sonal Area Network
(PAN), interactive gam ng, office networking and i ndoor '
communi cafi ons. [$893D3[Thopeesend &rvgntien relates o) fransmiker dircgitkandofysiems, apnore

W rel ess tra&?ﬁ:&- 1Yo hifia bR ldband SARRGR Y ' i mul t aneous

requi rements for aYu]Stt? a- \?a\ny’ﬁe bandw dt N, ’ﬁﬁgﬁ a%%g%rctﬁ%éhi gh throughput,

| ow i nterferencd0®dl [(Biz-piieebandoASWBPtis annevCrantli gralidig cphnalbgofor high
15 the generatipn,of vary narr ulses (typically 0, 2-2 .

nano- secondss)pe%qat%o%% aﬁ%??f?%%ﬁlefssgﬁﬂ?lﬁ?@é sysenssand devichs) FWB
difficult toegaoRERefabidsbnenaopmeaiids Biihsafvelopmet! stehort range and high data
generator/nodul ator circuits, whether the circuit he formed either

from di sdf etl@te Wisess pEpEnIgHonagPliGHiensyAh e VirgpssdicswasitAmga Netveask (R,

capaci tive CaipliR0eRRhNSETe neARATBRREH Bdod cohnAftatiffe9r at ed circuit
due to the Iowmol%tlo and Tow cufrent gain of the 20 conpl enentary

met al oxi de seni[¢¥3HudhedesignRhe brildigllbeks-of dhg R mimaleys traxtsadiver is very
oxi de sem conduct.or ( Bi ocesses.. [ 000 Furthernore...,he. pul se
Goner at or / o RE diE e Sl REREES SEacndfld Sor Bl e R ey Bidh 4rRa,
ant enna, anchigie desubhpg] jovainmaieednce gnd &iwvpoker GnBlApidnl NESLdHE €& 6p&ENon is
to provigde ti mal .i npedance nat chi to the UAB antenna. Typically.

however , 18 B8 sespietnn Y BT PG Gpioplin aaan dearsahpdypato. which
spect rum ( e. j@formatiokr i$ Quciufadd. 110istdX@embly JdbsHican g&é&t@%@%%%%dj Hl%séSQn

and.

i npedance m smatch occurs over sonme part of the transm ssion ]
Addi t i onal | ypulssr gaenstoninadataton oirguite s ther eropif phec Hirmgd @itherefipmsdigerete
and t hus proy LMoL SH108.J; . j.d V. ng

power . [0005‘?65%?8%%}(1%?(9,&% r?gltéééﬁg?(idg%eg& o%’m@%fg{%&% r &r%%n'bte e
ci rcui ts anccon§Oneys veinsn ighgrated icotnibdue tp theflowadllationapd live cwfent gain of the

Tonol L hig |t eql el on waling QYOS ar.« B O S8, QIINE OF RLISESS S

oxide semiconductor (BiCMOS) processes.

[0004] Furthermore, the pulse generator/modulator output is often times too low
to drive the antenna, and accordingly a matching network is many times necessary to
provide optimal impedance matching to the UWB antenna. Typically however, the

25 matching circuit is not as broadband as the UWB spectrum (e.g., 3.1-10.6 GHz in the
U.S), and thus power loss due to impedance mismatch occurs over some part of the
transmission band. Additionally, broadband matching networks are typically quite lossy,
and thus provide diminishing returns on bandwidth versus output power.

[0005] Accordingly, a need exists for improved UWB tfransmitter circuits and

30 systems, and which are preferably capable of monolithic integration using CMOS or

BiCMOS semiconductor processes.



[ 0006] The present invention provides UAB transmitter circuits
including a Gaussian pul se generator, an ultra w deband nodul at or

which is baﬁ(?gm%pﬁ 4 he Gaussian pulse generator design, 0f4/600429
driver anplifier. T%e nodul ator circuit is configured to provi de

second- order derivative Gaussian pul river anplifier is used
to provide gain and a broadband im?ﬁ%@mﬁdchi ng between the

modul at or ci r cui [00@6]d Theapsint tihvegtionrevides HWB trdmhitdiecirndylinsiading a
UMAB pul se is trapnsmtted with high r,andg low distortion. The ]

af or ement i ongauﬁﬂaflé’ﬂist: SRR ‘é‘%f‘ @?&%F’PS‘&‘P@H walch s hasefl ipomthe Gaussian
integrated biko géhetMB 4dsRASMA 4 Qhvé dnfilitfer. Qthe FhdRANG! Sfddtfiggzlgﬁﬂgdrgﬂ to

a nonolithic integrated circuit 10 usi'ng, for exanple,
Bi CMOS serdi cbiedisetserongronden detiivagve GoGoirh pilses. Chhesdriven applifier igessdrtatpoovide

circuit, in i . ] ing sta an. .

exponenti al agéc,?gg#og&%angéc‘ge%ﬂ%% or o%%lt\%g%ﬁ\t}gmgﬁ 'g%{é’? cgﬂué% ar@%t?&?‘flﬁﬁng

st age i ncl udesemaf ducls that rien sodhlaked WWBhpilse ondnsgikeidwith m@ep@f;&dm low

the transistqr's. saturation region. .The exponential stage includes a

second tr ansg’é“to_ﬁti‘oncgh’pﬂ %Btef”&mqum‘gé ﬂ“?‘gtt“ Ci‘%%? F%}E@&%l?r{?@?dtsﬁ@f%t@é’oﬂ’dmtegmd

transistor comf bayWedhRnRRe catEt, i alt&%at%[y?‘ﬂ%’ln&g N a oot ERSHAES circuit
a

region. The second-order derivative stage’'includes a

capaci t i V- i heug fonezampleveMOS ardieMOS semiedrdueiacpsaeessingnsi st or, and

an output term whgrei e I ' led, t h ut put..
ternminal, the r {mz]em St gﬁgsg}ggf Bf]%’eg %egﬁbﬁgﬁr‘g#?iegl Vﬁnt%‘e%rf?zmg eefbodiment,
capaci tive- inobdes a sgmaring stegdl at exponentiatigtage, and o sebond-deder devaviat sige. The

response. 20 [0Q08]. The ultra.w deband ulator circuit includes the
above- descr i B‘_ﬁ‘&métﬁ%%Pﬁﬁdﬁﬁ @r\é% E@ﬁgpoét"gﬁ&’dsrceﬁﬁm‘?f[ﬂ? Ferbuth rg‘Fi“@ﬁS"S‘:‘“S
control cir citiiratidih@gitnd Utha e@pone @il k@ke intiudedlh kedon€ kidfk@SorddbubRRUS the first
configured to receive a control signal and an output coupled to the

Gaussi an Ipul Bansgnte the eond mausistor GRRERERY te oecisd thei mmsisions sub-threshold
; B i e 1Bt e .
circuit oper ge?gﬁé gsheg%]jﬂi:g‘c%%rﬁert ] \)&h@é'sgh%ﬁ fjrao hdsl ana? clgghﬁtugg(ggr]e li.?]hgork

exponenti al ion of the _signarl.
desi gn of t heoupladria the stedndritinsistioy end anphiphi termipal; wherein, mbkw d dsadds coupled

plurality of,serial.-coupl. i h, anplifier stage ..
havi ng par al foeﬁ{ec%d&%"ﬁe%&élﬁiﬂf g[ép}ael?llld}cgfét@%%eggg?rhbq ?Oglﬁecron%%ﬁe éﬁes F%}a&tlge'
and a f eedbamductewstvwork foaebvidd a $cdoend ortletdesingtivesesponst. anpl i fier stage
transi st q.s havi irst, second.and third termnals, wheyreby the
first te%@i nal s @gm{]heﬁfel qua an bé“é‘gomﬂé‘ﬁ% i et ?Pré’&%g t'-L%_r?éPﬁ“@?%nbe‘l
are coupl ed Gageialehisalgerratél dilchis ind@dRduiiéh Ederol Bikdust. tBleThdatO control
the first anplifier stage transistor and_the second term nal of the

second anpl i Fift iseludes anrippisiceriaguresh o Teenivs @ Bonid sighelrandranoutmi opepled to
P 1, LSO el TGS BN 88 s
modulate the biasing condition of the exponential stage as a finction of the control signal,

25 [0009] The design of the ultra wideband driver amplifier circuit includes a

plurality of serial-coupled amplifier stages, each amplifier stage having parallel coupled

first and second amplifier stage fransistors and a feedback network. Each of the first and

second amplifier stage transistors having first, second and third terminals, whereby the

first terminals of the first and second amplifier stage transistors are coupled together at a

30 first node, and the third terminal of the first amplifier stage transistor and the second

terminal of the second amplifier stage transistor are coupled together at a second node.

The feedback network, which includes inductive and resistive elements, is coupled

between the first and second nodes.



WO 2006/ 071197 PCT/ SG2004/ 000429 [0010] The ultra w deband
transmtter circuit includes the above-described ultra w deband

modul at or &yd edekbh71ae¥d the driver anplifier circuit. In pdaddbfwhike
enbodi ment, the transmitter circuit is fabricated as an integrated

circuit using ei j . LM, seli ocess. . 5 .
[0011] These ano[bgitqﬂeweaiur eggbg?ukr e |n\r/pen ?gﬁﬁ%’ﬁ‘is% apypidgreribed ultra
under st ood whideband mwuddatoncitdugiiand dfe driver mpliftasicirguidr 2nh pgfic@mtembodiment,
detai |l ed desgriptio BRI EF. CRI PTI ON OF THE DRAW NGS [0012] Fig. |

e Pinstier SHEEk EbGR 1At TGEHES SHGHE oes o 4 BICMOS or

illustrates C

accor dance WeMDSwngshRebEfbeRé. t he present invention. [0013] Fig. 2
illustrates a Gaussi an pul se generator circuit in accordance with an

enmbodi ment> of t HBOM esBiese pudether foatures 00 the] inmergion 3alli Bel hetter mdesstand when
. it bl o . ; I e to
circui ock, I engf%ﬁ %1%%@%&%@@5@9&&08 F%ﬁﬁl rcuit in

accordance w th one odI nment I nven 15 [0015]
Fig. 3Billustrates an ultra w deband pul se anplitude nodul ator

circuit in accordance wth_one W—E sent inventi on.
[0016] Fig. 3Cill ustratesﬂg EpESCRIE, i Eﬁﬁéﬁﬁﬁ&e shi ft

keyed modul at or [0g12) CWip. iNilRGEMIaNGRuM bidclONBaRRR08 TEOWS! trddi&iver in
present invention. [0Q017/] qu%: 3D illustrates the performance of a
BPSK nodullat #cordapeervyitheatembodimenp ofibe pregeni &weniiath t he present

invention. [0018hef3h9-Fi4 o an | nd..driver .
anplifier cir cui8[t I aF(:1 'oir gg:g%%ésaéwétah ong’hfesé%g%%r%éﬁg?%w lPhagcoﬁcrlaélg%ﬁvtﬁh an
i nvention. [¢&Btgliméitef tprésehtustentadres a sinplified bl ock di agram a

transmtter cirgyi n ted in.ac dance with th resent

i nvention. 25 [8@% gﬁés&‘%gﬁ‘ﬁ#ﬁsﬁ ?”éﬁ“g[gﬁ?%e‘ﬁ?%?qa(?&l ﬁﬁr‘f@@p wideband ppqculator
wi deband t r asissittin SdcordafeswitiieieathbodingRe of e pesentidventidie present

i nvention. [OOZJ[bqﬁr 1:QI arity, previoqusly identified features retain
their reference citdi ﬂg'étb@"écﬂﬁ'e’ﬂ'fm dndahrpd Bulss gmplityde pepnlator circuit in
DESCR PTI ON. £ SRk iliColB@iehlcF hOfReh: fhvbitldny i ntegrated Lvs

transmtter is presented whirch includes a pulse nodulator, an
ul tra-wi deband dP@ied dripl 3G ilbwstraierdanawia vridehand bipolaswhess! shiftykeyell amodulator

pover . pul secagNeh ABiafild Gl bnd SrBEEREPbAH WALGR ufRRsfE TU! Y

integrated in

[0017] Fig. 3D illustrates the performance of a BPSK modulator constructed in
20  accordance with the present invention.
[0018] Fig. 4 illustrates an ultra wideband driver amplifier circuit in accordance
with one embodiment of the present invention.
[0019] Fig. S5A illustrates a simplified block diagram a transmitter circuit
constructed in accordance with the present invention.
25 [0020] Fig. 5B illustrates the performance of an ulitra wideband transmitter
constructed in accordance with the present invention.
{0021] For clarity, previously identified features retain their reference indicia in

subsequent drawings.

30 DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS
[0022] A fully integrated UWB transmitter is presented which includes a pulse
modulator, an ultra-wideband drive amplifier and an antenna. A low voltage, low power

pulse generator circuit is presented which can be fully integrated in CMOS or BiCMOS

3



WD 2006/ 071197 PCT/ SG20041000429 process. Based upon the fully
i ntegrated pul se generator circuit, new PPM BPSK and PAM pul se

modul at or ey sgdbhm1@Nd system are constructed. The nodul g BidleS&d S
symmetri cal second-order derivative Gaussian pul ses with a bandw dth

o G ; IV ; oot !
't o vi debabierr e SpSy il Bh6 e @Ml Bulsp potfiBlef Rlfoih FonpBi, FEKC and
out put and dPAVE pulse racdutatoracirdiei dnll osyetbiny areacdisibueles | T ndbtusRENfulse is

f eedback current r.%gse conmpn sour.ce dri,vet:gygnpl i.fier with resistaor
and i nduct ofPYPEEEEA sReord-often ARl Ve Gaussian t W& @ hapdwigithyup i Gz and

bandwi dt h, hh@ﬁh%ﬁifﬂcie&@vin@T&Vﬁwgpﬂlﬁé’&ms.ng'hé Qﬂi&éﬁrﬁieﬁ%ﬁemr amplifier is
si mul taneously. By proper co-design of the nodulator, driver
anpl i fi er Sandsedre ampkfy thémodpletomoniput andstive tthe appenfao rAdslitivmally, a kv design

achi eved. Sy i 3 i g. [ lustr a ci.rcui.t bl ock

di agr am of aﬁtlwnﬂfg%dé%@&é&&%dl@uglén%né{%%%rsa‘glﬁée‘%&v}n% ? Mﬁ'ﬁgﬁ% ﬁeéﬁforo@d
t he present indvantfeedhack hepropeses ¢e hatidve HBO ultrewlddbad Haidﬂmt}bﬂlﬁ%ﬁ ain, and
wi deband ant enna. 105, and recej ver conponents including a matching
networ k 120, PR Wingo FEteBiRgo o7 107 AntsBia (UPHEARSRwSIy- 189, PRper co-design of the
anal og-t o-di gioldhto; OHRE t ARpIHRY, ardN dntlda? thé SGANSIY/ RASERAN dperformance is
circuitry 160, for transmtting and receiving UAB signals.

Transni t i edigyehent s i ncl ude a Gaussi an pul se generator 200, UWB
nodul ator 300, and a UWB driver anplifier 400, each of which is
further described below A circulator, 20 diplexer, or switch 110 is
used to sepaBystem O@viewansnit and receive signals. Synchronization,

cl ock and contr i gnal s e provi ded. ns of digital backend .

ciroui try 7o, oy e AiSeRelr it Halaiignn obe UBL g rsl00 in

received at hdeerdkhdB wighireBRBodiRont Giike gﬂéﬁlﬁ't ix@@ntiéh. t Be trM¥Mcdidlh 108 includes
)5 120 being_used to provide

br oadband _i rrpeﬁ%nce r@%&hi ng net wor Kk . ] \

optimal ipetfah@ vHgtand Agepr e And mecivpueomiouenta inelidng amatohing netwierk
ampl i fi ed reeg) yRdnSidnaplfc 136/R3RAHBRI4Y, aﬁléaabg.‘%&idfgﬁ}afébﬁv&%ﬁ% f'data
140, the correlated output signals being subsequently converted to

di gi tal si gnereveniehseliaad bagebitindl6tafa rrapovitlingl ddderredeaiong UREB  signals.

di gital back : Is fo ener ak

synchr oni zat ?%Sn%ﬁgft Ec?f%pa{lﬁ %@%E%?Z“Fnag{“a%ﬁ‘f %B%giée r?‘.%ﬁgb%wn?ﬁii‘#ﬁ%am
oper ation, tael GaWEBsddver puplifiergietaah of whidh is Anthiey dscritedWettok Aic@Bdhtor,
and respopsi ye. thereto,.produces an.ul tra wi depand Gaussi gn pul se.,
The LB HodtPSESr cgoéw}t@te edS e nBaSERSFAE oA ARSI FFYE signals.
responsi ve t Syrdhiofigiote dlock Gl @nir6l GB@dls arbhgroVABd dyi MesnsasTPdibiktdl Mackend

400 amplifies the UAB nodul ated signal,
circuifry 170.

[0024] During receiving operation, an. UWB signal is received at the UWB

antenna 105, and supplied to the LNA 130, a broadband impedance matching network

25 120 being used to provide optimal impedance matching between the LNA. input and the

antenna. The amplified received signal is subsequently supplied to the correlator 140, the

correlated output signals being subsequently converted to digital signals and the baseband

data recovered therefrom. The digital backend control provides for the clock generation,
synchronization and data processing.

30 [0025] During a transmitting operation, the Gaussian pulse generator 200 receives

a clock signal, and responsive thereto, produces an ultra wideband Gaussian pulse. The

UWB modulator 300 receives and modulates the Gaussian pulse responsive to a received

control signal. The UWB driver amplifier 400 amplifies the UWB modulated signal,

4



4 WD 2006/ 071197 PCT/ SG2004/ 000429 si nmul t aneously providi ng
br oadband i npedance matching to the antenna 105 for optiml power

transfer. {he:@emhid-i ed UWB signal is transmtted from t%g.,%mong
antenna 105 to a renpte UMB receiver. 5 Gaussi an PuI se ner at or

Circuit [0026 i g, i1l strate Iar ment of .
Gaussi an pul S%%‘“fﬁ%ﬂ‘ésyﬁ?? Bﬁgrbéﬁﬂ%’ ﬁ th laﬂtefl%lé?héwmmal
i nvention. Thevegitfgifed 14 QuiplicbdIURFS algnﬂ(IBl&éhEﬁhﬁttai B6@ B WBRnterna 105 to
exponential stage 240 and a second-order derivative stage 260. The

squari ng fun%’ieff&tP@%fécez% includes a first transistor 222 having a
first termnal 222a 10 configured to receive an input signal, a
second term nal 222b coupl ed to a first resistor 224, and a third
termi nal 222Gaussihe Palbs gatdi Cis lttran3| stor is configured for biasing

be/ G
in the transist ati o Such a .bi,asi ng
provi des the sqt@hﬁig f%ngt'ﬁlBﬁ ﬁfs MRSt eé?bd’ﬁlé{?eng ﬁgg%le(éa USYIRh Ppjse
The exponent geabratir 23612200 ih Bdotdase mﬂs &@Qﬁl@lsehﬁlﬁﬂﬁmshoﬁ'ha 8igouiP2(0Nhdltes a

15 transi stor 244, and _a second resistor 246.. As shown, the second
transistor 2Sapgstager320san expqngntiah stage 240.candA egondordse derivasipe stage 260.

transi stor' syReGanthd BhdAYagd 28 inciuldla ﬁ":@f‘t?ﬁ{éfs{o? Do PELAG: o EPs@’E‘e[rﬂéléﬁlt 222a

the third transistor 244. The first termnal 242a is al sb cou
the secor@ smSgeedro rteye ahanmésigna, arsegmgd§¢mun@@22‘tbewrgedotoasﬁctt tasistor

operate in ub-th h 0 X ant | e
function of a%%ég?&n%ﬁlgﬁst%éﬁna# EgilchWh?rﬁbSF tT %&gaflél%} gr 8 fﬁﬂﬁ %EP&"&SI‘&H in the
20 to | evel isduskstor’s beuhiiosicgioar iSutlah bdidg cohditine poeties the sqansisfastionof

the correct yoltage. [0028] The second order derivative stage 260
i ncl udes a cHPHPIE TSR p5RES%9% ve network 262 coupled to the second

termnal 242b ofjeddve 5{% ohdnfiRlS 'sﬁ&@r2434%cﬁlﬂgs @ANsecOAd RtthsibF @4‘26‘5 thlrd
264, wherein, Wnen a is coupled to the output term nal

real redPstiEmsisiosnd, Wéd F@@R?HQECS@@Wﬁes‘\S\/ﬁh?Wﬂsﬂh@ second transistor 242 haS a first
capaci tive-igiahie, Fﬁ%%tg{lﬁe%s{@angfs%\[ 9oL dehection bemg

derivative response. e output o e pu se genér ator can
regar ded as madsevietith ibird dvansister 24dat Thﬁeﬁ@tmumhzm is @]sowloiipihd dxaﬂletsecond

characteri zed Al
e oSt rCaRa 2R e s SO AR et O gt iy ARl om0
characteri Stprﬁwdé]ﬂﬁtdxﬁcﬁhentxzﬂ@uﬂcﬁﬁn of {ﬁe\tﬁﬂux sighdl. dhe thirdeaskidens eRloyed
Vih is 3‘6 ttr(])rlgvse ﬁng f{rstt o Of 2&21 of er sSeE:on tganfsigtor Stjo the correct voltage.

[0028] The second order derivative stage 260 includes a capacitive-inductive

network 262 coupled to the second terminal 242b of the second transistor 242 and an

ﬂ'

output terminal 264, wherein, when a load Ry, is coupled to the output terminal, the real
resistance of the load Ry, combines with the capacitive-inductive network 262 to provide a

25 second order derivative response.
[0029] The output of the pulse generaior can be regarded as a second-order

derivative Gaussian pulse, which can be characterized as:

)5
2k, R LCeSV*"‘” 3, —(-—w-——
R s
th

AV
where k. and A are parameters of the exponential I-V characteristic equation:

30 I, =k,e"™" and are process dependent, Vi, is the threshold voltage of the first and third



5 WD 2006/ 071197 PCT/ S&004/ 000429 (MOSFET) transistors 222 and 244,
RL is the load real resistance, and C and L are respective val ues of

t he capaci Sfs@Ngo7 Nduct ance of the capacitive-induct iﬂtﬁvﬁﬁb%&m

[0030] In the particular enbodi nent shown, first and thir

transi stors 44.  ar - P Ghannel FETs, res ively,
and second t@ﬁ%ﬁ%ﬁo&%ﬁ?r‘? gzgaﬂ‘?ggﬁ’a& q%%jleuﬁoggirg rtef“ﬁth%‘iesﬁg&% ¢ L are
pover pl ane iespeptivnaties ofthe tdpabitadBXaraliddwitaneabf e osditivaindrele fiwbite
transistors is %m%rdggotentl al. An integrated_circuit of this

| . g . ! .
arrangenent, as the papicplan pmbosdimey shown, firptead ithird pnsistars 2% pandid4
formed usin i ) r S i oA RE .

usi ngya nB'a%% HEdHel MAGKISIG! resPEBGES: agdﬁ%%c?ﬁ?%%ﬁéy 242% a bipolar

n-channel device ed for operation’in ifts region
may repl aée juhctiopitppsistor. t Trermmwst plan@iprovidedti+d I8 YBEand signak gepohi paph

i nt egrated Ci.Lcuit be fabri.cated. usi .a .sem condyct or.
process. UWE M4 u?nasfslt)orrs %B% %uﬁllﬁtp 0[%6{5§1?&“ﬂﬁ’§%@5?%§ﬁ°8%35@5@6ﬁ8?’§t Z5pwill be
circuit descippheft hetobs skillyd &l e be tmebe fovnicd @ing 8 BICPADRtsesidoAductor
the design of an ultra w deband nodul ator. Several types of

of 15
modul at ors {BPCAB Altmdivelyt 8 &-chpmnek devie {breseth doraprerationy ineits - hreshold

pul se positiQp , ) i
and bi nary plﬁglggq%rﬂl? ﬁﬁii}’ﬁ? ﬁ\%&élgrgl%ﬁgﬁga%o‘%}gg?f%gg%%ﬁtﬁ%ﬁd%g%gam

i 11 ustratl8s adrcyit meayibe firigatkd wiingg GMQS segricaniduetar pwoeksband nodul at or
circuit 300 in accordance with one enbodi nent of the present

i nvention. The nodul ator 20 300 includes a Gaussi an pul se generat or
circuit 200 EWB Modudiok Efrtwditn control circuit 320. The Gaussi an pul se

generator circui 0.is configured to receive an inpyt signal 305,

Shich my be a QGRS CGRSEPRIS O, (i Rl Jt i B rakioeke used

from the nodigdtiiol Giorgeeatd @l thei deSigh tof3R0ultrd NAIdIMAH AdduPorS | SER%Iral?t%Eés of
alt'a

is generated as _a response to a_control signal (typically the d

to be noddl aredrBprsiive WOVB Sagmilfers ierfplowni thartmirusapls mise position
control cir Cxﬂb&ulgtglg-(PPﬁﬁP%ﬁE“aﬁnpﬁiﬂxdE hrﬁocﬂ?ﬁb’x]sﬁ(g% Siingh it%gée"\ﬁkﬁ-ﬂeyed

may be a spectrum spreadi'ng chrp signal), t se gene
circuit 200 @rSEnrmdulateesiul at ed second-order Gaussi an pul se 350.

Several variati f & tion control..circuit Q ar .
sosei bl e, - depentiAD b A MOMtBier s R bR s et o b o oG pogutatr
t he nodul at i @reuit 300 irohccoidanadi with oiyentivdinés &f thedgedeheinp@lton. The modulator
single-thro w tch that, responsive to, a.control signal] 315, 30 is
Swi tchab?@ mvﬁ_&%lﬁget“\ﬁo%%%} @ﬁ?e&?‘l?@@t‘ égmrﬁ_ i RedAE CoRiralycicwis 320.
may conpr i seTh38lksian ulse WeAdtibs Livdfr 2002isConkiBurdd Ry k&8iva MRl ihpdtOEenal 305,
modul ation schene, advanced and delayed states in a pulse position
nodul ati on sEkekmay be astpcksicpel. andp weélatmveﬂméé%%gﬁnﬁra@d from the modulation

control circuit 320. The modulation signal 325 is generated as a response to a control
signal (typically the data to be modulated on the UWB signal) input into the modulation

25 control circuit 320. Responsive to the modulation signal 325 (which may be a spectrum
spreading chip signal), the pulse generator circuit 200 outputs a modulated second-order
Gaussian pulse 350. Several variations of the modulation control circuit 320 are possible,
depending upon the desired modulation type. For example, the modulation control circuit

may comprise a double-pole, single-throw switch that, responsive to a control signal 315,

30 is switchable between two moedulation states. The two modulation states may comprise
- high and low amplitude states in a pulse amplitude modulation scheme, advanced and
delayed stafes in a pulse position modulation scheme, or positive and negative phases in a

binary phase shift keyed modulation scheme. Tertiary, quadrature, or higher order
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bi nary phase shift keyed nodul ati on schene. Tertiary, quadrature, or
hi gher order 6 WD 2006/ 071197 PCT/ S&004/ 000429 sw tching states

are of courp@2:05Hh$ € i n other enbodinents as well. Furﬂd’l‘i’sj'ezo&libﬁmm
pul se generator and nodul ati on control circuits nay be separately

Ciroit. | 0oSdipeathSgre Bf et PREbET BHEPaibidills o VB Bifen e pute

wi deband rmdgdnaiatcmrand faclolation tomtmp crasistney benscbhgtel Aesidna afdrifbeicaral or
representing_a L%\B ul s l}ﬁgpl [ tud m)dul ation circuit 360. The

circuit 360 forreed Qpea myg <§ é“t‘@%ﬁté S circuit having squaring, :
exponential, andogagongy, cysﬂﬂrus@ﬁég o FHrlt\entR USRS 0 4Re uRACyABhnd GRod i hn

a nodul ation control circuit 320, as described above. The squaring
st age of t5he01Fﬁm’EsféPI8@@t¢érlat e &ir thei emimponent deprasesting fa UB prlss singditude

(e.g., an N nd&}‘du%e% chav an&'it i&d r’%ﬂé&ﬁg E{nﬁ %%eg?r%%oconfllg redg

to receive t e |npu si gna seco
and 361c, respefid, wkbynenfisle aﬁﬂmcdmdg:r&etragzeivm Btapdshe20,i Ol ade 66, and a

resi stor 362 upl ed to, the, s ond fermpal 361h.of the first
Tonel otorSmot e toelsRL gy SR B leSurel b o e dab e Ase @t R e
the saturati ghefa@BicRuit iﬂﬂﬁ&ha&&%@%ﬁ%ﬁ G aiimm%@r Hé‘sﬁ&é)‘(ﬂ@ﬁn a first

second transistor 362 (e.g T) 15 having a first term nal

coupl ed 110 ¢ Egacie coBTRAHAP ramiis B NPHLSIERH 205+ alrsreand Ugs fermines
cour 3 . . 107 TPHCHES
s otorCLion AR Mo RAfahay2 Tl (bl AORSL06 Sty il U fellstor 362

transi stor 3 Icren rasin

condi ti ons t coupled teélmoswond’arminsk 136 2he ﬁwhmmhqton]}@ sIECMStor 361 being
transi stor 362 tes | gFthreshold region to produce an
exponent i al é’?ﬁ% oro??% P TP vat i ve stage 260 incl udes

a capacitive 20 [nm!}lcfﬂh‘é%xp@ieﬂ@ﬂ&ta?gé@wquﬂh@d& d Sechbhe neRaRRBd2e. RaBIT)
362b of the second transistaor and an output termnal 365, whereln,

when a | dad Favingsa Sgt frednal 3624 eouplpddarthe sscand dyrodend 3614 pb thegpt transistor
resi stance oﬁmt bt bAREtRh RRES EoRREDS hidtitRsibBE 362PREL &h&%am&&c%dy@ 2,

net wor k 364 gr ovi de a second order derivative response
illustrated @rﬁi\é B idak) a@vshbwnfﬁcmhénaswgr epndirons rtal the3@tong, t@Gdtor 362,

and 363c of t r, u
6 or ound ol Beipis: iR e SeptlcRR ey ekt i Hhe S B68 rofita 58 R an
incl udes traagosdntial BSfodsavi Ty ascondprder dedvativaadtageoRdl gicludes taOcapacitive-
o ool PR S eoShbs ara) B SRR S e SRRl o e
control signal o, ternlifal 368) WRHkinivhér0d 1&61{@&@%@1@@ tA IR B dr@hal 365,
signal 325 which alters the bi asi ng%condl tion of 30 the second

transistor 389 reabmssiacrefithg/load Re 388 eombings, it theicapachiys-ihusveoreswerk 364

modul ated ¢ provide a second order derivative response. In the illustrated embodiment as shown,
the third terminals 361c, 362¢, and 363c of the first, second and third transistors are
25 coupled to ground potential.

[0035] The modulation control circuit 320 includes transistor 366 having an input
terminal configured to receive the control signal 315 and a current mirror 367 coupled to
the second transistor 362, whereby the responsive to the input control signal 315, the
current mirror 367 produces a modulation signal 325 which alters the biasing condition of

30 the second transistor 362. Consequently, the second transistor 362 produces a modulated
exponential response, which, in combination with the second order response provided by
stage 260, produces a pulse amplitude modulated UWB pulse signal 350. The circuit can

be fabricated as either discrete components or as an integrated circuit. When fabricated as
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exponenti al response, which, in conbination with the second order
response provided by stage 260, produces a pul se anplitude nodul at ed
UB pul se si@ngbodpd The circuit can be fabricated as giffdd8hoao0429
di screte conmponents or as an |nt egrated circuit. Wen fabricated as

7 WO 2006/ 071197 PCT/ SG2004/ | 9 an i ntegra r , .
illustrated %’i?‘&?ﬁﬁﬂ{cﬁ&&ﬁm dheyh T%%etdrﬁuc?&‘l daa eo‘PPr%‘g ﬁ‘ ?’f}’gfloa'nﬁf iR BICMOS

sem conduct OfeniRGRSEr pré¥ets rmémaﬁ%m arPilcRmeBaRRE bReM fb?oﬁurﬁﬁﬁl% 19 Sub-
operation in its sub- ‘threshol d regl on may repl ace the bipol ar

transi st or 3breshqld regionc may sepdacy the webﬁp@ﬁa$lﬁgr 3¢ tie grhiche case iar eomiespamding
be fabri cat Fig. 3C

I 1 lustrat eseigi1 Cmg@m%%ﬁﬁ&%ﬁ%&?%&%%?%%&%mg u%grr%g‘lﬁsat I on
circuit répreserfddsd]i lﬁ‘1g:l3@ ill8sfcates hese@nid edibodintent efithe wétrd WitgbahdMEulation
bi nary phase-.shift e l.atj on cuit 370. The ' jt 370

el udes ¢ he P TR EIEn b o th GO e aFing gl B Bivesoper-shin
derivative sk8emoafiatibie ci%iixtS@'l(IJe'l‘ﬁé Bt 870 Ghtilided ke Efb@eméiﬁ@ﬂécﬁ r%ﬁﬂng,

control stage 320 generally described in Fig. 3A In this enbodi
the 10 squar§Rgnestialgendysagond erdge deritive sipges ph My Beler emerataw pingpitaand the

first term ol gn 0

resistor R ooun Ba WE ke 20 (RARY Gpjonfied RElE 340", ol n@Hipengy e
bei ng bi dQechhamg(w&QDmmdes ahﬁs@mmsat i\ﬁnhzma@ mﬁrstTdnmmkbﬂmaiptetaale to
stage 240 incl.udes,. in addj econ transi stor

and thi ro ((VEREESTRE ipaf SRl 05 el al0E RIS ER{e 1oy hE sisaRd B Nhap. e fis
transi stor ansigr MIf Iaéing biagdl fot OperdVidd, intthe sat@andithepiol. HhelRPbidhtial stage
transi stors Q .and bei.ng arranged, as_a differential emtter

coupl ed pai r? d%ﬁ%lﬁtﬂé@ﬂ%tqthﬂﬁf&m@ﬂ& tragsigior Q andiaird QAOSHEZ hgansistor
fourth transi9hQieserfbed iPFRs 98, Hafh nAREHA G2 nd ﬁﬁﬁ%‘&né:&&ﬁﬁb@' Filevegangrﬁd

to provide conpl ementary exponential responses, their bias
bei ng setlSbyfongl rigangistorshQf dandn @2f being, arrenged; a3 ar@fﬁmmdanB coupled pair

respectivel yg, Lr%?ﬁ’%gd b;-lﬂﬁgll&%faF%t RRALEs HEB" e d' AR Eﬂﬁgt af Ifgiﬂl‘ést V\%I]JES?C]CFOI‘

I ncl udes tmo ect1ons capaC| I've-1in
& LI) coupl emj:eratlon resubethesishld spivne &d profide kempleaendry éxpansitial @spdakes, their

and the secand ¢ ci.tive:induct & coupl e

fo" the secots IEafnieits sebRy B s titan ahdubigpt gfA mEMa eapbottely.
capaci tive-i ndugeo3gp mMak\weioks ordRf Barbatipe S é:@soaalwmae@wo%&uons the first
termnal 372 for connection to the out oad 0038] The nodul ati on

control &Pr cepecitiveandystive nstworky (el ﬁ%ﬁfﬁlfFﬁtﬂI@d@s%lsﬁ‘%Wd tepmingleafethe lyecond
and ei ght N {£8lof A Snd'the MIAAGLNER iBALERLRIAL ﬁﬁlﬂc . EAfbde dBRA 10

a ranp up signal appears at I rst term nal
function curthesecond (tﬁmmmhoﬁgh fmmh trenmistore®@2.ofThetwo hepncmsre-ﬁm:hMMb nawﬁjks

by the tail wo %ﬁ 0,
(currents) 3 gg&gﬁ% %5&% H&Pleni/tgr se polar ?Ctreméecﬁ g t§8ﬁ g@ "These
currents flow [0038] The modulation control circuit 320 in this embodiment includes sixth,
25 seventh and eighth transistors M4, M3A and M3B and resistors R3 and R4, When a ramp
up signal appears at the first terminal of M1, a Gaussian function current flows though the

emitter of Q1 then is folded to Q2 by the tail inductor Lcs. Hence, two Gaussian fimetion
signals (currents) 325a and 325b with reverse polarities are achieved. These currents flow
to the capacitive-inductive networks, and then the second-order derivative current of
30 QGaussian pulses with reverse polarities are formed at the output of the capacitive-
inductive networks., Seventh and eighth fransistors M3A and M3B are used as two
transmission gates, and are biased by complimentary control voltages. Thus, only one of

the modulated currents 325a or 325b will pass through their respective inductive-
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to the capacitive-inductive networks, and then the second-order
derivative current of 30 Gaussian pulses with reverse polarities are

formed at whg2008/AW; of the capacitive- inductive networpegscR64RNR
and eighth transistors M3A and M3B are used as two transm ssion

gates, and are hi ase ary contraol vo hus, . onl
one of tne et ArERedts PR brEBok Rl BSRNE O Y ETTRs, AT b Bt e
respective ipatiiet bV@xip@ pilde 20 86 éhideiohy e ToleRIOMMERODRZE. Wﬁ&ﬁ!‘elvéll fethe
networks to the load to forma positive or negative pul se. can be

seen, the ﬁema?l.%}aaﬁﬁdabebteeu%t@t‘-@&%@@&%%e@% ¢ ﬁ‘éP%tdWﬂﬁedP positive,
vol tage's | euglvicsighy kgve hov9f51énﬁgregféggﬁtfn a ?1'6%{@483 phihsk. | $p Rhig rll'mguap, the

representing a positive phase ut put “pul's positive,

vi ce versa fcompEnieptarysiphasas of e bésonphasg-shifhdgped vignphasereptasedtéd sn the
manner, the 5 conﬂ%nt ary phases of a binary phase-shift keyed
signal are rggﬁ‘?%g >t he generated UWB pul se. [0039] As noted

with the other (003U AS,notddewith rbelictherBirchits, fthé repduieinhdyebe ifékmed either in
di screte cor&s onents or as an integrated circuit. In the illustrated
i

embodi ment i HSCHR EMDABITES OR AtiaMisEEated sircuiite nig) th dlpstrafefpmhptimsniinaykich
i s most sui tEyk @nd MOSFIRLLY Bhtoydd aBicARIS FRodlBYisRost @ﬁla@&edﬁ}éﬁérhalvely,

NMOS transi stors configured for sub-threshol’d biasing,
circuit i&erhaIde@Z myac @vlesed with HIMOE drapsistorsi confifged) 8y sehtthseshold biasing,

pOSi t I on no G?I'@lﬂ(ﬁ F%N%atede ta&@gsﬁﬁe O{GH GlI'CIH%AB modul ation

t echni que, ere ere |s used to identify binary is
and Cs. For examﬂlr:m], Palsd @ogltion mdhagomPMe ropieskntsOanotipr ESWHB nvdilation

bit and a short. ti I represent a ndl at ed in
the pul se gé derbpigpt her Y giire i Ipg is el em&%gamsy 3d Ogfer e,
the input (sl Gk lag lﬁdy%@se@ﬂo%ﬁbsenﬂ' £1987ed atsBorPRMe DAl B8 Sreplcisit § A%t

| ocation of the input clock signal is nodulated by the information

data (cohirdis @iilgﬁaci jn the gulse gonswéns Sironly, thhpulasigeeniraied by 81 edselof te duput
pul ses can £ hd Q4
pul ses. 20 F %?ys g )hsré%ggl I uﬁ#ﬁl’alt‘fg‘tgs t Z’h%tegf or rra%(r:@%ﬁ &E%Sﬁlpm clock
nodul at or comsger mcn@tiﬂatwd byathe dnfdematmnwlatsh (cohrolpsigsdn tnd suhscr;uemﬂy théleelge
the input c .0l vo e|S|nIowlev
v i s of 1 ands Tl s ProRehist bl o SR TRGaG by pifiiod B
polarity is paliput. On t he ot her hand, when the input control voltage
is in hi | eve for | e Al nd MAB is of f
thus t hegﬁ‘ﬂ_us_si h}ﬁ’ Bl Eig ;Siﬁn’ﬁu tp“?/@‘*rl}[‘%g‘aﬁ%q 8?%%@“’86? f9F congfipoted in
Driver Al igtkdfankt Gtdithe present invention. When the input control voltage is in low level (for
example 0V), M3A and M4 is off and M4B is on, thus the Gaussian pulse with positive
polarity is output. On the other hand, when the input control voltage is in high level (for
example 1.8V), M3A is on, M4 and M4B is off, thus the Gaussian pulse with negative
25 polarity is output.

UWB Driver Amplifier Circuit
[0042] Fig. 4A illustrates an uvlira wideband driver amplifier in accordance with

one embodiment of the present invention. The UWB driver amplifier is used to amplify

30 the modulated UWB pulse, as well as to provide a broadband impedance match between
the modulator and the antenua.

[0043] As shown in Fig. 44, the UWB driver amplifier 400 includes one or more

amplifier stages 420, each amplifier stage including parallel coupled first and second
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[0042] Fig. 4Aillustrates an ultra w deband driver anplifier in
accordance with one enbodi nent of the present invention. The UB

driver anpkd i®Eniipsused to anplify 30 the nodul ated UBREL§R00R%
well as to provide a broadband i npedance nmatch between the nodul ator

and the ant : 3 j i lver |.i,kLer
400 i ncl udes neegggééoé%ﬁ%%%?ﬂg p42§t %85%55@&% rg[r?ﬁ ;%rf'ﬂl1 sgérwrg t%%émd
i ncl udi ng pa¥d|baefirst,caqnédarflithisd teanishals celomein the 6t @05 605 1k iinals 422a and

PCT/ SG2004/ 00Q429 a | fier stage transis s 422 424, Eac f
the anpli11 P8 goub R ep Sdobs M otai s, fad fe et (SaL simadige of
third term nad SirstWhaRkRioP ahd8hd kécdhd (Galh) ter8hR) 42481 6 BR! RcHé2Radlithr are
424a are coupled together to forma first node 425, and the third

(drain) t&rreckpled fepdendt a se¢radimodet2% r Gaunled betwasnithe Higstand ssednd dedss #P5
termnal 42  he. . i :
second node 39929 I EEANE ARl i B8 St GRURUE L AGELIRN, Bh cfhence

429 is an i rddicktageeis cadigatadws anhimtdeddbaRGommahsoproe\antdisiestaget with resistor

f eedback. I n essence, ach, st i figured as a shunt feedback
common sour B9 ARBICHF fesdbain i WhIth MRS MBS cusiint Tt e ecis epplayed to
i n which PMEmbVeSh st bRail Gitbeut tRGHRRING de BasdRm.oyed to inprove

the gmand gain w thout sacrificing the bandw dth. 10 [0044] One or
nore of ffe anpllUddbr Ose pyanomgf the apphificr: Hages guavdbe g foc prswide sufficient
signal gain & tLANST SSU P RNT a €5..a h |

il lustrated Sfl%{r% | rrg{%‘t ?ﬁg%ltﬂﬁg’-tﬁgh e%e‘r?&g%éﬁgméééegt%Segsh%vrr%y&bmgnéugg"ggiﬁﬁd
al ternati ve etodinemsnalthoughPfesfer oninloys stapes may be psed pheltdragivefentbodiments.

first d d i st . 422 4 bstanti al | h

Al though o TerERY: JB 8Xb o Tafars aL e reenit sRbgd e i 2 e

fn‘?oﬁi ment s hsuﬁdﬁhtiall? ﬂ:&: s?Me, RO ghéﬂiﬁél l'glﬁtl gf@fe pﬁeh?@&te@ a:}ayfta\em;%&yed $rdafRmative
Oota eri ery,. or a rnatl ve , . erent stages, nm ave .

different3t o@cr%hyt)daa%n&- p%ii‘ﬁB‘h‘@ﬁ}Ve%a,c% a@akﬁﬁi %t?ggel%fnhagvﬁﬁ@e B gkl periphery, ox

techni que. ROl REAIP! Gferbit $08s BIHD W BMerdnd SothVBid béYhe ALP ik fch &g TR¥n

enpl oy anplifier stages of succesSively increasing gate peripheries
in order to the desigieteghnifieg higr 4xampler oeiteptrnbysliment the RBYB drive amplifier may

h Ceristi . _ ‘ : 50, g ar
may onpl oy et Fopif a8k ARy il e Bl GLe  sibie o
to provi de ldgheetiheazmetpyt povere (IP3) eltmantistimt bhanofiieé smbadicheot, HerUWdBsdriper
h dopt in.anplifier' r chi t .. [ 004 .
POt hor | PRol SRRUPeT oY RP oy B Arop sty B Al e e ErapBrere A Prayide
i nput and oudnpikire@aRAGHE %ﬁéﬁd&%@ niutsh. 430se dndethenldugen SiproMahesinaEde a6pted

sel ected to provide 25 bl ocki ng and/or AC coupling, the latter
bei ng used t8aEPHEREAIEHWEout put si gnal s

[0045] Further included in the exemplary UWB driver amplifier embodiment are

input and output capacitors 420 and 430, the values of which may be selected to provide

25 DC blocking and/or AC coupling, the latter being used to attenuate any output signals

below the USB spectrum low end (3.1 GHz in the US) to a sufficient degree in order to
comply with UWB signal emission regulations.

[0046] Additionally, it is well known that the position of the poles and zeros

determine the bandwidth and gain of the amplifier. The bandwidth of the UWB driver

36 amplifier is improved by using dominant pole bandwidth enhancement technique which

can increase the bandwidth without compromising gain. The small signal equivalent

circuit analysis of each stage amplifier shows reveals 2 zeros and 3 poles. Among them,

two zeros and two poles remain close to the origin, but the position of the dominant pole
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bel ow the USB spectrumlow end (3.1 GHz in the US) to a sufficient
degree in order to conply with UWB signal em ssion regul ations.

[ 0046] Addipid dgbtiye7 it is well known that the position lﬁlestdiﬁmﬁ)@M%
and zeros determ ne the bandwi dth and gain of the anplifier. The

bandw dt h of. t he driver, 30.anplifier is_ inmproved by usin .
domi nant pol gvﬁgn%‘ﬁ?}hﬁ%%ﬁg%%%n r &k enﬁnﬁﬁ%m\r%%tg‘ﬁﬁ%%xﬁcﬁ eeggga”t%dth
bandw dt h w pitberimglnes dibst cogphatising dbgaismal | si gnal equi val ent
circuit analysis of each stage anplifier shows reveals 2 zeros and 3
pol es. Among t hdf§471t VB & eperdlic sabedigepbl asthreertacs PINGE edriver tamplifier was
origin, but -1 | %'ng :

PCT/ SG2004/ O%%%g@lﬁés]ﬁ%gpgqé%rt@mgy Sy, POfaling é?x;}c?flﬁ%ﬂ@&%%ﬁﬂe&iél@d at 1.8V
arrangenedt @:13xsAt The pecfosmanse phrembigrsdwd sitnkmaridfed ih daldepbelower wi t hout
conprom sing on gain. [0047] In a specific enbodiment, a three-stage
UWB driver anplifier was designed using 0.18 um CMOS technol ogy.

Bi asi ng confii t1 ONgyopbltf S' MUl at elygfgel- 8V D @ 18 mA. The perfornmance

paranmeters gre SUHHST 'dﬂ'hn Tab ¥ 109 G- Property Vvajue -3dB

bandwi dt h 2f-2—48 b5 B n22—=—10. 1 Gz
AP B 1o ) i I 1 G B LS T S
2101 Gz 8f2 2 S@24e in' 2 2 - hit 227 AT Ut put

<3.5 dB in p.2 - 1321 epPoweygpinagh2kgB im 2285 GHs > . 1p 1 Gz | V
18.4 mA 1.8|V_St¥B2)ity Factor. | k>dB§2A-A01 GHz0.1 Gz Stability
measurenent [ >1.0 IR8 2.2 -10.1 G¥-8dBble | UMB Transmtfer a=. 10
[0048] Fig. | 5A i |Outphit'NE @550 npk3.5 dBdo RI20ck0. UGE am aj transmitter
circuit copstrucyslfigt Gamccor danfes gm e bheoprgsent T nvention. The
particul ar fransmgyer enproys 3 I§{7ude modutrargon to
communi cat e[ baset e FthropgH — RRAMVE any type of

nmodul ati on cuhu?ﬁiﬁ%ﬁ%&%}éﬁ%g}id H“'g‘i"ﬁ’ii'_cil‘h'“i"g%“"%e pr esent

i nventi on.

Table I
UWE Transmitter
10 [0048] Fig. SA illustrates a simplified block diagram a transmitter circuit

constructed in accordance with the present invention. The particular transmitter employs
pulse amplitude modulation to communicate baseband data, although BPSK, PPM or any
type of modulation technique may be used in accordance with the present invention.
[0049] As shown in Fig. 5A, an ioput signal 305 and control signal 315 are
15 supplied to a UWB pulse amplitude modulator 510, an exemplary embodiment of which
is shown in Fig. 3B. The pulse amplitude modulator 510 outputs Gaussian pulses 520, the
amplitude of which is modulated by the level of the control signal 315. The modulated
Gaussian. pulse 520 is supplied to the driver amplifier circuit 530, an exemplary
embodiment of which is shown in Fig. 4. The driver amplifier outputs an amplified
20  Gaussian pulse 535, and additionally provides broadband matching to the UWB antenna
550 gain for maximum power transfer and UWB signal transmission efficiency.
[0050] Fig. 5B iilustrates the input/clock, control/modulation and output pulse
signals of an UWB transmitter employing the pulse amplitude modulator of Fig. 3B and
the driver amplifier circuit shown in Fig. 4. The input/clock signal generates the UWB

25 Gaussian pulse. The control/modulation signal controls the amplitude of the pulse. At the
11 '



[ 0049] As shown in Fig. 5A an input signal 305 and control signal
315 are 15 supplied to a WB pul se anplitude nodul ator 510, an

exenpl ary gapasamM; of which is shown in Fig. 3B. The md$&004/000429
anpl i tude nodul at or 510 out puts Gaussi an pul ses 520 the anpl 1 tude

of which is he of .t he con roI al

nmodul at ed G%grg}a?ﬁ%gdl segtb'ff@jh?usd%s%ﬁfﬁm’eﬂﬂf omt]?‘n%p a‘éﬁ%‘?&ﬁ? pgﬁumv to
circuit 530, -%m\ém%mératé&by emﬁghctioﬁﬂﬁﬂs@fal VibltagB ahé a 360 WhhplifudEiGhusstan puise
The driver a |f| out p \gﬁf lified 20 Gaussj an pul se 535, and
addi ti onal | y%&@? 8 PB¥G B%enfg TAEVCIRi-AY ds esnsralnyvamlosimeatrobmdia @?al n
for maxi num poquoslqan@sfﬂ)wenéﬂse%aﬁ sF P03 ﬁ% H'& Cfuplitude

[ 0050] FI% 5B illustrates the 1nput/cloc control / nodu atlo
out put puPseUV @ﬁaﬁis@ﬂ@ﬂsam gm&atqdaﬂm a cﬂlgttalé’r}b Eﬂyamguttddearﬂwl lser amplitude

hown 1 71 o0 W st oblsP s s¥e N il Bl S BByt Bl sttt

pul se. The cmtemuhmﬁmﬂ mﬂicd ﬂiageﬁh vﬁﬂﬂiddﬂl(ﬁaal distoRival apbKeteiohe iR after
pul se. At the 11 WO gt}?og‘?ﬂ@é}w PCT/ SG20041000429  antenna output, a
hi gh anpl i t ubEspgion; PR PeHOTRAEIE t%asp@%ik&f#‘&ﬁda@éméﬁmﬂmwnt the

-80nV is gengealig ahy trﬁnﬁ}hﬁiﬂ% GRREARars hiRBhti B! &@9511@”@‘%1@ g% consumptzon
anpl i tude Gaussi an pul se peak to peak voltage o 9

-50nV i s @en@%@%@%t@ﬁﬂﬁ@hﬂ%@% t age. [0051] As shown,

Gausel an pul se. 10530 he kol dbARR blben BefledPa 103 Rﬁl}%@%ﬁf}%ﬁh&fa&m
| ow anpl i t udend deviipGaws 3t ianotintesdedits bg exiensthedrwhiimitahdingtitivh t6 Gie préeise

transmtted. . Adv St si mul ati on j ndi cat ed, t hat
even with ad@nr‘fll%l’?gﬁsg‘ﬁ ‘f8¥‘f‘?‘l§ﬁ' ’&fﬂr ngljgf?}lqnﬁ@n vefafions pyeossible m light of
transni ssi onthetdielostanesting! ITRO dRRHbA SRBSEMWRS Weed ot LRl 28k to best explain
significantly when the_ receivi ng and transmtting antennas are

subst ant ilal | e PHacRlgheE theripgeniionend is Reagtien! ppivlication igfthereley emalite OErs skilled
transmtter jSuf. 3YV be@pqgﬁ% e idveh @I i Y A68E lrﬁabﬂﬂ:{'énga?ncp%ﬂx various
presented for gur poses ustration and description

i nt ended t o bedifigdiions gs v sited ¢o Khienpartictle tseventempiated Tthis ipteedddsiat the

form discl dj, 1 4
oea by o1 oofilpe B 9NN BL YA Ly RS AR Ao oT | 211 0N are

enbodi nents were chosen in order to best explain 15 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 nents and with various nodifications as are suited to the
particul ar use contenplated. It is intended that the scope of the

i nvention be defined by the clains appended hereto. 12
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WD 2006/ 071197 PCT/ SG2004/ 000429 CLAIMS What is clainmed is: 1. A
Gaussi an pul se generator circuit, conprising: 5 a squaring stage,

conpri si Ngway $dok/et1147r ansi st or havi ng first, second and tgd¥piho04/000420
termnals and configured to operate in the saturation region; an

exponenti al &t conprising a second transistor having a first

term nal ccru-p@@-to the second termnal of the first transistor, a
second termnal, and a third termnal, the second transistor
configured t operaie i.n the sub- t hr eshol d region; and 10 a

second- or der%@r‘ﬁ]é’ﬁ oflds'st age, conprising an capacitive-inductive
network coupl ed A@aﬁgggni%gégﬁeﬁ%%aﬁ{ cQhpiidigs:second transistor, and
an output terminal, wheréin, when a ldad Ts coupled to the out put
termnal, Sthe rea squesis tsteaecootprisiig & diet tarsistorekaving fistt besond and third
capaC|t|ve i Lye ne Vi 0 rder derivative
response. tn%ﬂﬁ%l ﬂé@aeﬁ%gﬁegaetggetﬁgr orr?&]cﬁ%glcﬁit of claiml1,

wher ei n the squarannggpphagial sgd, hmmlammgpﬁlssamdatrﬁnsimr hzﬁ&ngshoﬂirst terminal
coupled to the gcon t er m nal G%he first transistor
%OQP%

Gaussi an pul rfertag §¢cop rt‘?}ﬁ‘i“%a thg Lrgigrapsigion,pa SWPé‘FietFlﬁm’E“QEand a third

exponenti al teshiagemb Eécbﬂ&ﬁa:ﬁﬁﬂﬂ:d}rﬁ%%redzc@ oﬁer&l@‘i@ﬂf@ st SdhaId &QH&' &4 to
the first term nal he second transistor; and a third transistor

havi ng filPst a fia §@00ﬂ@1erﬁehalemﬁ§wal HeEer POMPESISE cish dapasitiveriaductive toietvork

first transi [T Rk f
t he second t%tél sEf (?Bh}%%g‘%% téa [ngr et%grm %%P&g}afsqﬁdal? ﬁ{p&gﬁgn?ir@g hgrem
pul se gener awixnh m:luad us toupledanahobutphiaiensindl; e mablereakiandehs the tontl c@mdbines

third transis S ri se, MOSFET transistors, and fhe second
tanai ot or CBHLle cBETR e bE mE ek B Bromio hieeofl Guler Bor i gsponse.

generator circuit of one of clains 1-4, wherein the first, 30
second, and third transistors conprise MOSFET transistors. 6. The
Gaussi an 1pul e gePheGaussianciulse grrerger Giicuit of clajm il mgherein thegauprng stagg durther

out put  vol t%ﬁ%ﬂs@s zpﬁjsﬁéélﬁ&e&imﬁi%ctl tolfle Moﬁ@%&%%&iﬁtﬁs\:/ ng {I f 4/ 000429

3Y x Svti 14 (Ym-~~ 3VF) | e
IV,
3. The Gaussian pulse generator circuit of claims 1 or 2, wherein the exponential o F
stage further comprises:
20 a second resistor coupled to the first terminal of the second transistor; and

a third transistor having first a first terminal coupled to the second terminal of the
first transistor, a second terminal coupled to the first terminal of the second transistor, and

a third terminal.

25 4. The Gaussian pulse generator circuit of one of claims 1-3, wherein the first and
third transistors comprise MOSFET transistors, and the second transistor comprises a BJT

transistor.

5. The Gaussian pulse generator circuit of one of claims 1-4, wherein the first,
30 second, and third transistors comprise MOSFET transistors.
6. The Gaussian pulse generator circuit of one of claims 1-4, wherein the output

voltage is calculated as:

13



~.V,y 2.VlI, k. 2)) where k, and ? are paraneters of the exponenti al

| -V characteristic equation: |Ds = keeY-Ir , RL is the |oad real

resi stancewgdsf7:33d L are respective values of the capRad:dlmaNd
i nduct ance of the capacitive-inductive network. 5 7. The Gaussi an

pul se generator circuit of one of clains 1-4, ereLn. the circuit is

an integrated ci rcgi % gqptai t hi cal |y forped-usi @—a"i]Bi CMOS
sem conduct op QCS 148-€ _Ga_as_fi/_ %_pﬁﬂ;} genewator circuit of one
of clainms 1-3“0f 5, whaFgin {hei&)rcl 20/ijs an integrated circuit
nonolithically formed using a CMOS sem conductor process. 9. An ultra
wi deband nodwhese de end Juiare proampatérsi oify:the sexGanedinh - utimenctpeiatic adquetion:
circuit, conprisjngy, a_squaring, stage, conprisjng a first transistor
havi ng first:oss 6%61 aﬁé% erlgad gl ’Eeé‘is’i"?‘fl?“r'ala%éd?'@ kjapes fespeckipg valuey of the
configured tQ receive.an input .signal.at .the.first termnal and to
operate in t%ﬁacgté?cﬁra%ﬂng%a °§i°8ﬁ1,°%391a°5§'83?1 %?FY%F&?P ge, conprising a
second transistor having a first termnal coupled to the second

termnal of the first transistor, a second termnal, and a_third
terminal, the seddf@epsiRULe SPesRPRGUgHY efore isiamad < wheteinethe pigouit is an

sub- t hr eshol igheFa@H ePRsniAREHIREAR TS ASCNADS Y&niSsRAGor HRIRGI ST Ng
a first capaciftive-inductive nétwork coupled to the second term nal
of the second transistor, and an output termnal, wherein, when a

| oad is coupf ed t rmnal . ..t [eal, resistance of. the. .
| oad conbi Iﬁl)fglés wﬁ?lﬁqa Ses#ﬁﬂrﬁg%e gélgeﬁ%%:ri%c\%-o?ﬁ Radkr sﬁéf\?\’br’w eBe”ﬂ)&]??\fiuﬁBﬂ
a second 106r dean thesptavait dincait midnolithispibnfenedundnga CHINE siiicdhdaant frokess.
circuit having an input configured to receive a control signal and

an out put coupled to the Gaussi an pul se generator circuit, the

nodul ation opnt r Ay uld (EdebindaRethlAcH @duit, QofpaLhat € t he biasing
condition of the exponential stage as_a function of the input

control signal. 3§aussiaypugEsrasen@ruhCPEEsPga/ 000429 10. The ultra
wi deband nodul at or ci It i : i . r4.09 e
further conprises a flarg@%a}]flggﬁagét géﬁ%%sl%%gfs?'gg? %%%&s%gg%éﬁ 9{%?%5%3 dotPlrd
the firstl5t riemaials, the firsttranfistor oortfigaredito edvaivd anduhwit sigoal at theditsttterndinal and
clains 9 or t%%per%?nrt%ien t he exponenti al

saturation reg1on,;
an exponential stage, comprising a second transistor having a first terminal
coupled to the second terminal of the first transistor, a
second terminal, and a third terminal, the second transistor configured to operate in the
20 sub-threshold region; and
a second-order derivative stage, comprising a first capacitive-inductive
network coupled to the second terminal of the second transistor, and an output terminal,
wherein, when a load is coupled to the output terminal, the real resistance of the load
combines with the first capacitive-inductive network to provide a second order derivative
25 response; and
a modulation control circuit having an input configured to receive a control signal
and an output coupled to the Gaussian pulse generator circuit, the modulation control
circuit configured to modulate the biasing condition of the exponential stage as a function
of the input contro! signal.
30
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5 stage further conprises a third transistor having first a first
term nal coupled to the second termnal of the first transistor, a

second teraahs6aupl ed to the first termnal of the sqgaR@2004/000429
transistor, and a third termnal. 12. The ultra w deband nodul at or

circuit of of-the cl ai -11 erein t . 1 dul.atj on cantrol
circuit conpolib?sespr?l%aﬁ?%u @%Ba?c?%%llu#‘%rmﬁ% 9 gﬁgmcgh?”?“ﬁe“bélﬁet SPEFng stage
recei ving a fofldricompsdegd fitst redistdrcsipl@no the Rochdatemeasl g (RO ARG
current mrror circuit having a first port coupled to the first port
of the fourth transistor, a second port coupled to the control port
of the seco tr IStk O%id | : ligd .
i nduct or - caglgéi tzﬂrﬁé r%lg% wor ﬁ%ﬁé.ﬁo&#&ﬂé&ﬂﬁcﬁ Ogme%gﬁﬁgg%gh gt ngﬂg? Four Fnual
of one of 5t héagefathesconptides avhind diansisthichavingSirst a fiis§ teuniaaldoliplad tdithe second

transi stors o [ IS8 FET transistor, and,the, second .
ransi stor S G IRE HRE M o sockBA W ooBfl oy e Bl it of the
nmodul at or  ciseedndtrandision endd thirB@ergli@l.ns 9- 13, wherein the circuit is
an integrated circuit nonolithically fornmed using a Bi CMOS process.

15. The ultra w deband nodul ator circuit of one of the clains 9-12,
wherein eachipof the fibf widebid nRBGRARE cidelth o @B AUIIANS RPET ShALR the
conprise a MOSFET transistor, and wherein the circuit Is an

i nt egr at &8 ahedulation peyivl pirdviteapyisésor med usi ng a CMOS process. 16.

The ultra w deba d r.citcuit of o of the clainms, L1 wherein
the exponenti al g;k? '%gleﬁng{rs ggb%%lr%ﬁﬁo?%oelgzo TPy e o h ¥rako fifst port
havi ng a fi raatl atseromd paxk; aadupl ed to the third termnal of the first
transistor, a second termnal, .apnd.a third term nal coupled to_the
third term nal of SHER TSR AT HHeTst GFSt PAHORRIcNE SiSoBrbpart ¢f the fourth
PCT/ SG2004/ Qf14ig8r, & seédntipott! pled 0 theh@¥irBpdrt b8the deddntHanbi®bNa0@l third
coupled to the second ternminal of the second transistor, a second

t er mi nal 1 owsricgueled oke infugier-qapaoiionagtwerk-t he first transistor, and
athird termnal. wherein the second and fourth transistors operate
inadfferential manner. 5 17. The ultra w deband nodul ator circuit
of clai ns 163. whdhe nhrat widelmod amdlubiateircuitief dneatfitheeclainrscil 2, Wherait Herfirst,

conprises a gef At lfinsif ¥2h ¥ SpSiATHTRHR EtR: NG GO transistor

comprises a BJT transistor.

20
14. The ultra wideband modulator circuit of one of the claims 9-13, wherein the

circuit is an integrated circuit monolithically formed using a2 BiICMOS process.

15.  The ultra wideband modulator circuit of one of the claims 9-12, wherein each of
25 the first, second, third and fourth transistors comprise a MOSFET transistor, and wherein

the circuit is an integrated circuit monolithically formed using a CMOS process.

16.  The ultra wideband modulator circuit of one of the claims 11, wherein the
exponential stage further comprises:

30 a fourth transistor having a first terminal coupled to the third terminal of the first
fransistor, a second terminal, and a third terminal coupled to the third terminal of the

second transistor; and
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term nal of the second transistor and to the output termnal,
wherein, (i) when a load is coupled to the output term nal and the

second tr ared 3do0H71hey conducting, the real resistance 10 wit/dd¥6o4doaade
conbines with the first capacitive-inductive network to provide a

second order der} LY. ) oad Is upl.e

the output term n%#ﬁgﬁéﬁfsﬁcgﬁggﬁgﬁﬁﬁ%{ﬁ gﬁ\tjglllr)élfl %l’;k%ﬂglg% léon ﬁé?‘foﬁlé,% ﬂréaq 0%816
real resi st astcendfratsiséor] @ agtond idomineb covplidl thhke seabieeninal of the first transistor,
capacitive-ind c&ll%ge netr/or k to provide a second order derivative
response. 15™f& M era w deband nodul ator circuit of claim17,
wherein the nodul whdr&iA tHe@8édn@land fdufth WahsiGBRRHERRSA a Jiffdrddiidl fihfiks] st or
having a first termnal configured to receive the control signal, a
second tePninal and a third ternminal; a seventh transistor i nt er posed
bet ween the {4rstmycapacitlves] Ctive . d t he out put
termnal, t hie7's ev]él%t Elﬁt r‘glﬁgtfmsl? g}?&ﬁgattf?{rn% gﬁt},\ﬁ &s(l? ﬁ#e%firh'z‘%% Ielf:lot?}f)lsg%onfioorder
the first tdsrivatia cighit filvthes cothprises ansdoad-order derbedonstageecduipldlio the second
coupled to the first, capacitive-indyctive network and a thir )
terminal cou P@&aﬁ%gtpﬁé CBH‘!tl E?ﬁ‘fs‘slt‘érrar‘r‘ﬁﬁﬁlﬂ,le %‘i‘fﬂ“téﬁmé‘PﬂhWE}erPPaz’%i"gFB@ load is
i nterposed b Mo tHRUGRE ERAIRERACHE k¥Bnd REGHIME cHRIMBAK _th@;i%QI fefl&ance

output termnal, the eighth transistor having a first term na
coupl ed t1§8 t pidhe load sembines with e dlast capacitive-indugtive petwetkife pravide a sgcond order
second term GAUR r.m ' r.m nal
coupled to t%%vsaeconlg%gsa%g%ﬂi {]ﬁ\yg{%l%gh%&t?\?ghﬂgé %@Egu%gt {e%gluﬁ%rtgé Bt
wi deband nodiginsistor isi conductingf thel mialnrdsstansheofethe tohd dombéites withritle second
fifth, sixt} gr}ﬁves_]:e?éergivh Lransistors are FET. L.ransistors and the
second and f 68T IS AEPOFO P I RIE BTG BT STSHL S TS59O0Phe Ul tra
wi deband nodul ator circuit of claim 19, wherein the circuit is an
formnmed using a Bi CMOS sem conduct or

I nt egr at Cl.I cui nol (£ hi cal |
pro cgss. eIgG ié’ ’I’henlﬂtraw{ eband moc{ﬂator circuit of claim 17, wherein the modulation corttrol

circuit comprises:
a sixth transistor having a first terminal configured to receive the control signal, a
second terminal and a third terminal;
a seventh transistor interposed between the first capacitive-inductive network and
20 the output terminal, the seventh transistor having a first terminal coupled to the first
terminal of the sixth transistor, a second terminal coupled to the first capacitive-inductive
network and a third terminal coupled to the output terminal; and
an eighth transistor interposed between the second capacitive-inductive network
and the output terminal, the eighth transistor having a first terminal coupled to the second
25 terminal of the seventh transistor, 2 second terminal coupled to the output terminal, and a

third terminal coupled to the second capacitive-inductive network.

19.  The ulfra wideband modulator circuit of claim 18, wherein the first, third, fifth,
sixth and seventh transistors are MOSFET transistors and the second and fourth

30 transistors are BJT transistors.

20.  The ultra wideband modulator circuit of claim 19, wherein the circuit is an

integrated circuit monolithically formed using a BiICMOS semiconductor process.
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