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Fully Integrated Utra Wdeband Transmtter Crcuits
and Systens BACKGROUND [ 0001] The present invention

woeb@togsioro transmtter circuits and systens, RATSGRIG/000429

particularly to ultra w deband transmtter circuits

and systens. [0002] Utra-w de band (UMB) is a new and
prom Si ng[ technolﬁgy for high speed,, short range and

por t Eblly TategratedsUlisanWidebandohrangmisties Gireniteand &ystems
UMB t echnol ogy enabl es new opportunities in the ~

devel opnent of short ranBACKGROUYD data rate wirel ess
communi cation applications such as w rel ess Personal

Ar eal ORRtIwoFle presery InveRfiQay tglofss\ie UgRSINGT ciseuits@ad systems, and more

: ' g ?‘8’0{‘ %lm i Eatd 03] The
E@é@@%ﬁlﬁ%%‘iﬁ |B [ nagn%]b ocEg&yS @EZSY%%@QV\A rel ess
tr anpO&Z]veUlﬁa?WMer?ande@WaBl) rig azlge\_;v’:j anhd pﬁqmiirs]imgl tealnedesy for high
requi renments for, ultra-w de bandw df h, hi gh speed, . .
FReghy oKl AgeRHRd Mﬁ[’ﬁnwgﬁlﬁ& eorpERication W yeeand devices. UWB
’fe?ﬂﬁ‘(ﬂ &f2Bles %W? l’tu%ﬁ’ie? g tdlé?/@lo?ﬁlehh 6f Sidret angld high data
of var es Iy O. onds

narrow pu typica -2 nano-sec
oat¢ wirslessodonimdimcatianiapplidasompoich as wikeleks Pérsorek Arembtyork (PAN),
difficult tog erate g@b-nnsecond ul ses in pul se

JUSTRFHE ST HE SPVETFEg AR St ISMEHENO P cui t be

for npdosy t TRY ddsiRordhe BhikliSy BRBIROSENE U WESyir&ess transceiver is very
i nt erconnection di scontinuiti es, and capacl tive

denpiding disetonde singdiapenve rreguiresrentsnfoa mlirmwadg bandavidth, high speed,

i it due to the.lowisolation and | ow.current in .
Bl TR e e Skt BBy Pl Rkgoereion i
tHe %Emétwh- @0 NAlre NRitiod Ypuldek aftysi¥dlge 0SBPi gaHdie6bils) onto which
(Bi S) processes.. [0004] Furthernore, the pul se )
yeorapation iy medulpiedorlt suaggelysdifffquitrfotgenergter yp-naggsecend pulses in

gglisér{rgﬁ{}é??to%togﬁl%r c%gitsa%g{hg} @tgal Xirali{r?nactphﬂe% g é@ofégm discrete

I'mes necessary to provide op I npedanc
oahpdients dwe tdéntehiBnation nhiscofitipuitied, | andhcapavieive -doapling between -
EpBERTeh (i niagraied SHBIEAYE e e SPHON SHHOMgrent gain of the

BSWBlemk: giseal L BiddTRGHR BRI SEAVOR) Uz ChipSlaR¥SthpRRIR:
pgr}q@ glfﬁlt%%’e transrln' Ssion bar?d.r (Eggitl)onal Y, brogldbancal1ry metal

oside kémigombicion (REMOE) prppéssed. | y quite | ossy, and thus

provj di m ni shing.returns on, bandw, dth versus putput

Ponel 10000 BT RERET S SRR bE o Bt R B too tow
t/\Bril¢ aesaitédnal akd hedokdifiglmatching network is many times necessary to
provide optimal impedance matching to the UWB antenna. Typically however, the

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

BiCMOS semiconductor processes.



systens, and which are preferably capabl e of
nmonol ithic integration using CMOS or Bi CMOS

weemepandact or processes. SUVWARY [ 0006] The pr e€Em8G2004/000429
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invention provides UWB transmitter circuits including

a Gaussi an pul se gener at orSURMMARNT 2 W deband

nmodul at or which is based upon the Gaussi an pul se

genef®06l dbsi Igﬁsen’aﬂmveatl@n |W@Yld@m§1WB| wpnsndiffer circuits including a

dul.at or,_circu
SRS hssChehiitiok Ay R WPl fhoflaRl S baggd wpgn the Gaussian
m@bl hé&htot ﬂeﬂ%ﬁdﬁnﬁ‘h Qi veri iepl RN BiROmadaeAdRame is configured to
ance nmatc bet ween t he nodul ator circuit and

mca/m@,qﬁepwdwgrdamd@mﬁvesﬁwsm lseheThe @av%ta@mlmlqo@ﬁed do provide
§?or eag‘tﬁ%a{cﬁ)g%i peﬁaxﬁ:te %’[cﬁﬁ) e it %hﬂgr‘é?‘(ﬁ %'Blfatt 1rc§ﬁ ana- lar%nsmlttmg

ment1 on CI rcurts can

aeteanabedhythad thel mbédited €BWBNpulsa idMBhdniaed With Bigh power and low
cwcum or alternately formed_ in.,a nppolithic
. H‘F%@P‘&t dée afqrementioned ﬁl@cmtwn@m@?refa bigtes! sparataby e integrated

g1 LORAY q{aﬁgmﬂ{ep Qﬁaﬁﬂ 38 altglglggﬁ]afom@d (ﬁ?gslﬁngﬁcﬁhtﬂﬂl infegrated circuit

generator circurt, in an exenpliary enb
usiap fde sxanpe VMO8 pr BiGH)S semiexplonienproatssiigage, and a

second-qrd derivative sta The s uarlng sta .
i ncl ﬂ@&?f o Th r Spuspian ulse; GPTSAOE (Fiyeatt chtip e gablagy embodiment,

PREGRL G s’qﬁaﬁrl'gestatg'eaﬁ?é)ﬁfoﬁéntﬁd Sabd! Al laQBcdrRthas: demﬁtlve %}age The
exponenti'al stage includes a sécond transistor coupl e

tsquaring stage dnclodes ndfirstt mmstdnevlsdt ancdmﬁgemé itg operate in the transistor's

confiqgured to er at e hi .1 si sto

SRR oot o TPEERDSoH atag ptshRS peongdrangistor supled to the firs
$faadStof, Bk UdeshdarARRARE | donfigured db Ciperte MeUNO iknGQURA 86b-threshold
to the second transistor, and an output term na

FpEeRi nTheuseepnd-qrdesdderivalivepitags insludee o gepagitive-inductive network

Vtc\n&?ﬂ!a{]gcl thetspc%nﬁ %lmgtgis lanid 8N St E tegﬁ& t Qﬂ%rqu r@fi&leact' load is coupled

capaci-tiver nductive pr ovi

s& ¢he dutpird edsmﬂmi; that devle resBEMOR f . thé O&QB]:OIIBQeM |v¢1fha the capacitive-
i circuit includes the

w dehand no at or,
E"%%’Pﬂ%‘@d’f‘&%%%%ﬂn erderdGABYSECHROSSr cui t and a
modulgospn THENLAA! widdbakd tmoa-llﬂﬁtogogwuﬁt BicIGRAL {H%l above-described

circurt Tncludes an input configured to receive
Eomssiz pelsggaeratorciranit eud putodubitiph edntrd citesit Glbe moalulator control

CHREF oTERER) B oo itz PSREH paspBnustal bf iy outout coupled 1o

GRNGiahdspn illset é&ﬁeﬁt@@ QAeHt, | vhersy2@e medulatioaontrecidduit operates to
the control signal. [0009] The design of the ultra

\mfl}hll!ﬁéﬁﬂledhiasmrcoadﬁlpﬁl pf '@F egponential stage lag @ éenctiop pﬁtbalopn‘srol signal.
of s drg@L 99 p(!le%p 3&1890%?1(1 &%%? a%nnﬁ%ﬁer &fcuit includes a

st ag i ng-para cou
plurality of serial-coupled amphfier stages, each amplifier stage having parallel coupled

first and second amplifier stage transistors 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
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.
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first and second anplifier stage transistors and a
f eedback network. Each of the first and second

wanpleiofimr stage transi stors having first, secead/sanah4/000429

third termnals, whereby the first termnals of the

fir SFO@UP %€ QHﬁia HiRibhdd ﬁﬁnﬁh&gﬁc&dﬁnﬁbﬁheé ﬁwaagy%ve -described ultra

cou ogether at a first node, and the t

tvedfrhand\ lqumatcbrecnfcmt snd thepldrivier empbﬁelg@rcmta Asiasgavticudarcembodiment,
secapd termn of . the secq l.ifier, stage

‘? H%’i‘sﬁl Fr “é‘ltcﬁﬁ%i”é‘iﬁ‘tetdoﬁsei‘%é‘? e%f“e WS g eiEher pnBICMOS or

fea0Baskidoalivgsiproskd.ch i ncl udes i nductive and

resistive elenents, is coupled between the first and

secoi91ikbddhescoamiogthertfeatures rof the thwbatinh wilhbs etiereunderstood when
| th d deband
I e e

a particular enbodinment, the transmtter circuit is
fabri cated as an |nterated CII‘CUIt usi ng either a
Bi CMOS or BRIAFD LIODY QF &1 DR YG§

ot he t S;0 i Qv . .
undetﬂs‘{lgg lﬁv@ e% iIl/luget\t/\ldge Q 9?&&1111 %10 {hﬁgﬁfxgﬁ ofhi H&}B transceiver in
deaoniangs warhchntbeitidinght dﬁtfhe Ipl‘dSEmtdﬂvenBRh EF DESCRI PTI ON

OF THE DRAW NGS_[0012] Fig.. 1 illustrates _a circuit

bl oc 03hgtign ?oﬂluglrw Crusyiradyulser Sonpratns Gichih ie @ceprdance with an
%&b%&ﬁ%ﬁ'tﬂ?ﬁ% pRdsedtifveRfiGeent invention. [0013] Fig. 2

Ustrates a Gaussian pul se generator circuit in
ac cof0PdAL e Fig. t3A Alusteatdsod cinamntt blo¢k diagrapr eSantltra wideband modulator

invetlon 001 illustrates a circuit block
AT I ACGoaREe I CheihormeRt A B PATER R 1
acco|gasfe F‘l‘%tﬁ} Hﬂ@uﬁmmﬁ‘a%d@ﬂanﬁlﬁﬂs@rﬁﬁﬁﬁﬁde modulator circuit in

|nvent|on 015] Fig. 3B illustrates an ultra
iPehs el“ptblcme emppdlinmentief the gresentdnventiowui t in

acco t mbodi n es

P cABEC A P QL Bt B R st ved mocutatr
\Nirdﬁbﬂmﬂ:c&daﬁxie&hﬂp&ﬁ&mtﬁ)ﬂhﬁént e R préseaitingéMionCi I cui t

in accordance with one enbodi nent of the present

i nvetOldh. Hig*Dr fllustrgtes di5 perfaimencn eka HSK arodylatarrmoestructed in
%Ec&dgp§§qﬁqu#§g&& n&xglri}ggnr ucted in accordance with the
present invent Fig. 4 illustrates an ultra

VVI de[ﬂlﬂd] dr‘f*hg/eflr 11hxsqndtesf arenltai witlebandhdrivee @arplifier eirmiit 1 accordance

enbo nt of .the present. i nvention.
one em o iment of the present invention.

[0019] TFig. S5A illustrates a simplified block diagram a transmitter circuit
constructed in accordance with the present invention.

[0020] Fig. 5B illustrates the performance of an ultra wideband transmitter
constructed in accordance with the present invention.

[0021] For clarity, previously identified features retain their reference indicia in

subsequent drawings.

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



[0019] Fig. S5Aillustrates a sinplified block diagram
atransmtter circuit constructed in accordance with

woheosprremwent i nvention. [0020] Fig. 5B ill ustraCesGéva/000429
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performance of an ultra w deband transmtter

Aty Wab&ly Ilbdh ARCRIY fiﬁ‘t@ﬁ‘ratéﬂtﬂﬂds‘e?nﬁfa%&e&kuhn}i&?}wm BPSK and

[0021] For arity, previously identified features
rPé’tMl pul&eh giodulatsireciomae dnddiysiem are sqmtmqtﬁdnﬂ"hdrmmduigted pulse is

PR IoR) 5P 8oL 45 R P pPS G B4R ht S Gz and

Iﬂa@hg dafficien Wi FRAUNS applicafiond. tTHR- Mﬁﬁﬁé&n@rdﬁb%r amplifier is

anplrfier and an antenna. A | ow vol tage, | ow power
pmct@ agepidy gheomoduletoniottphtansy drsgrihe @nighha h Addrtiobally, a new design

o PR Sftnorl roe el TR, e mpte Bpguistor and

Birfucton TebdBAM RBUrsFoseB Ay aieve i 'itvd-iSdebatld HySdvEiaA hesh gain, and
constructed, The m)dul ated pulse is symmetri cal

PEading omashinge fory sha \Aateap s%mahmpau%s By trisoper co- des1gn of the

i dt t n f SW N
E@@ﬁyﬁ% irhcg%a{\’fel o?nsé:i fﬁlzmgil ?P%% d a ll(l]lrl veransml ‘[g fqe rmance  is
iashiegedd to anplify the nodul at or out put and drlve t he
antenna. Additionally, a new design of shunt feedback
current reuse common source driver anplifier with
rQShLSt i nductor feedback is proposed to achieve
tgéﬁl%lﬁﬁ‘;gar@_\?\r\gdeband bandwi dt h, high gain, and providing
mat C[ﬂﬂﬂ@] f big. tihdlwmtrates nacisuinblockn di.'agsdny of ByUKWB pﬁfnsceiver 100 in

T A
a@hiley fideba® Bﬁgﬂn@’ 2L 'aﬁé{\’re{c@grg?’]:orﬁb&lenis inkiuﬁfngr@ﬁﬁﬁzhﬁlg network

circuit bl ock di agram of UVB transcei ver
d@@dmamsg amplifies 3@mgvuﬁlatmrit40mn eméogatoe@eml converter 150, and data

vent | The transc 100 i ng¢l.udes
PR kO B8 T e B Smflomieh i UWB. signai.
I Tiadsuiter CotpFREME imudeed Ganidsiahthlsd SomeRdoSE00RMPWBS inBhulator 300,
130, correlator 140, an anal o% to-digital converter

#5902 UWE drivien amphfieret 0 pach o avkichcisduriherrdpsarded belpw. A circulator,
t t t

RO v e
IﬁydchrarumtloiiO@lochmildacdd%Bl dighale rarappodvidede by 40€ins edcdigivdl backend

\’\c@cgpryll%.f urt her described below A circul ator,

[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
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.

[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



di pl exer, or switch 110 is used to separate the
transmt and receive signals. Synchronization, clock

wanwemanr ol signal s are provided by neans of #CgiSGad04/000429

10

15

20

25

30

backend circuitry 170. [0024] During receiving
SRRIGLL RO HE AL IR PRk 4 U g, 103 for optimal
powedaansér.nihe hinpkifie NGB lsighalis Weinsmitied drbny thepU B detenna 105 to
opt i nal edance matching between the LNA input and
?W@n%ﬁt d°°MHE anplified received signal is
subsequently supplied to the correlator 140, the
correl at ed out put signal s bei ng subsequently converted
: g d1irowef t he baseband data recover ed

: E:r @foggﬂl 5 é lﬁ%‘r?%e %g%egtgqlgrgp te%l ch OVI %e%he Vaussian pulse

REREASSERGIt 200 @2 BdcoFahtd Fith the Frasamt tvemtibrD pﬁteaélfdatt 200 includes a
the Gaussian pul se generator 200 receives a clock

squpmiae  staga 20 earp exrsingrtial stacet240. prddeecndzgrden derivative stage 260.

W d g&l? %1&?18%1 gtggep %‘i ﬁfﬁé&%ﬁ% nHquéfJ)tlaiﬂrha%ﬂl a first termmal 222a

recerves an usSSi an pulse res
t:mﬁgur@t:w Medve @mtﬂpmlt signginal sec&taletetdﬂﬁaldzzzbecrm@mntl tlofa €ifst resistor

anplifies th nodul at e &@SI gnal , si mul t aneousl y
B%\Anéuartgmt) teaaa@h%@qa Wé\@@hﬁ ¢l st Ews%orﬂ%cw‘rj@“m oK h@smg in the
Lgﬁsgtp 'S &%étm?l' gu%fl ﬁrtﬁé coﬂaﬁloﬂrﬁﬂﬂllﬁéﬁgls ng function of

signal 1s trans romt UV\B antenna 1
ltlminpmsigﬁalersereededer Gau33| an Pul se Generator Ci rcwt

[ 002 jg...2 illus tes exe ary enbaodi nent of

e tagl 71k srpansnbial ke R oC i 065 HERUMERAdS @ third
Wah§isthh 8440 LES 8 Becohd YEN 6O 6. Tfh@ sHWIC tet se@GHU ﬁﬁﬁhéﬂ&eﬁiz%as a first
squari ng stage 220, an exponent| al st age 240, and

mmail 282 ajenupbed tp et fingetransiste’ szss@mdttmnsd @éﬂbn@at connection being

ct i. 0 a.fir nsi St o

WP herhPEfaidten AEL 955 S bl P43 34 B8 i s, the second
lréSEBﬂér Bi6gihelsecoad sRA65Er 24T bﬂlﬁ\glblagélﬁb o@@ﬂa&l 0k siutb-tﬁreshold regionto "~
first resistor 224, and a third termn_nal 22c,

{Previdq the exponsntigl Sunction of thsrinpgrigrgl 1 bhe t&lﬂé&%ﬂ@sm 2% & employed
43 él' s?ﬁf?fhe%n&@%ﬂﬁ@%l ?Qfa 5E8L 9o, ?%1&0@0%§é &%rect volta e.
| np

con |t|on prov e squaring function o
si gn§l028F ke decbnd| 6fi2r |defdihativex stage 360 ahclatdege &@@cltlve-mductive

inclu nd transistor d t ransi st or
SRNOLE 2 oulon ol then Srerd et 242D af b Sedond EAsRtsH 242 and an
oL kettnBlal 362 WRSei WhérSh 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

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

derivative Gaussian pulse, which can be characterized as:

2=
V() 2k R LC™I [ 2 ( ()_3%) o e
A7

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

I ¢ =k,e"s* and are process dependent, Vi, is the threshold voltage of the first and third
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term nal 242a coupled to the first transistor's second
term nal 222b, that connection being made via the

woRbosdh7twansi stor 244. The first term nal 242aPCE/Sab®a/000429

coupl ed to the second resistor 246, the second

(VOSFETY WanddidrP2INand s eR, i tRP daat Ral FesBtance, and C and L are
sub-t hreshol d region to provide the exponenti al

fagpective Malues aftibe Mp@tansfr grdallnducrmett)ﬁ thecrapacilingi-ioduetiveagtwork.

is e I i f e er I 242a

t e OBe8hath e ety St dmb bl S ofeifBe 22 and 244
Aen-saeopd cindelr MOSHERTR! kdsPedivalye aﬂ@@ectdﬂ@tbkﬂﬁﬁstcﬁf 242 is a bipolar
capaci tive-inductive net work 262 coupled to the second

fwechomEansisiary The power plaseisdrovided atstlo¥ VEUD anthsignal ground for each
O618 et DR Bl e HO8, ATy AR Br s e s it v

ayrdnoad thbseCcsiildedn @ the &, tdiebe dpaadd usifg IanBUTMIOR: semiconductor
network 262 to provide a second qrder_ derivative

p@%ﬁnséﬁe{n@@w{ ohe-chaansltdeyice ttigsed fos Opgfahier an dis sunthreshold
Jneﬂl ]&gﬁfésﬂl@b 'Pa?rf&ngirsﬁg :2|4§ :%ll %ﬁltch\(: se%@éﬁésgﬁgdllng integrated

can e charac ere
alrmﬂpaaﬁhaafabnsatmf udidpen ENfOH saamllcaﬂxddcto\/pndmaxsact eristic
equation: | DS =keeVas/| and are process dependent,
Va, is the threshold voltage of the first and
UWB MM Cird;ansi stors 222 and 244, RL is the |oad
real resistance, and C and L are respective val ues of
t he B8pHci ThaCaussiah pulshgerenaor giﬁcuihéescribed herein may also be used

aci tive-inductijve, net 030 rt| ul ar

o5 etBolRL R i g A pleR et B B types of
AtduRides For @IWBDtraxféMin‘@'aréV@EﬁﬁSm 1he SRE Cot \éﬁﬁlﬁpleali‘ﬂlse position
second transistor 242 is a blpolara{unctlon

modnlatoss GREMyh pulse welipidgrmoduaterso(HiANde), apd binagy piwse shift-keyed
ound for each of the transistors is

gro:%%&8&¥mg ral. An integrated circuit of this

arr a[ﬂgEZI]e NFig. a4 illudtatdser cipppitrtdodk diagratmosfenslirh wddeband modulator

the .a can he for.ned usilr; a Bi sem ¢ondyct or
ﬁ’lf%% | ingeequdpnge; With gne epbotling e gEsssnt dnysgeR The modulator

99@ irﬂdd‘é@ alGhubdisgh lri{!é% Aézeﬂéx%ﬁﬂ‘?:h‘ém’& 900 QR H%dh%ﬁbﬁ“é@nt%lecucuu 320.

bi polar transi st whi ch case a correspond
iThe dipuatia pelise gandratomyirdigt 28 ctm:t'@lradsuontgcav@hxmlput s1gna1 305,

HERSRCES & RlogR RS Bidur mpgbBRcn Bl s teehirively Hody -

@Botrad| cireuil 8205 ethe Whdulfloni &k BO5FE %énérate& e adesidaBe & a control
an ultra w deband nodul ator. Several types of

giga| (otrigadly fileg dati be mdaiatqdeqrsﬂlsrléw%mml) wputhigtethe modulation
Okt SRR ?20.pfye§‘p%n89§' bd #@ 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,
is switchable between two modulation states. The two modulation states may comprise
high and low amplitude states in a pulse amplitude modulation scheme, advanced and
delayed sta;[es in a pulse position modulation scheme, or positive and negative phases in a

binary phase shift keyed modulation scheme. Tertiary, quadrature, or higher order

6
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nodul ators (PPMs), pul se anplitude nodul ators (PAMs),
and binary phase shift-keyed (BPSK) nodul ators. [0032]

woi2006/03M971 | ustrates a circuit bl ock di agram oPCassG2004/000429

ultra wi deband nodul ator circuit 300 i n accordance

%{t&m@%w RaRT R M EEse Yosdible iR bERE BinbbddiRMtd ANwelll NBurther, the pulse
nmodul at or 300 i ncludes a Gaussi an pul se gener at or

gemeeatort arpio@odulation endiol air¢wis rehbe edparitely desig8aDandTiabricated, or
ussi an pul .generator. ci.rcuit 200 is configured to
?’_38]8&\9821 Oqoﬁﬁﬂ?mﬁ%‘?"g?c%g; whi ch may be a clock :
sig nfobss]a Npiga 3E0HkkRdten fHstgmMBodddontosMBE allesl Widdbahd Rodulation
modul ation control circuit 320. The nodul ati on_si gnal )
senit sepmspteditie Figs3A, tespabpsiimen presentingl a 47YBapulse amplitude
tvipically th at awto .be. l. 0 UB_ signal ). .
ok oo FBacrs AT RRY i1y R it ferbo Bt having
RAsBApS xfonbatidl ) endagetndidrder dériyative I2dpes VBOC R40830dDR60, and a
a spectrum spreadi nzq%)chi p. signal), the pul se generator
&adulatien zoutrelusipts 320, ms dlesetbsd abe¥endlhsr sarics §tage 4 the pulse

' Lo - . . .
B 313 AR LD NG i e
temiiniad 36 ochnifigtitedrto trygaéve the inpek aigpale305t had seadd abd diird terminals

ontrol circuit nmay conprise.a double-pole, . )
§E}%g|a@d t3ﬁﬂ<bvye§,wa°tlgfﬁyt e sqpatB® AtsEs 200 ahE Hichuglps a resistor 362
%bx%lé’d t@&%'seécﬁldst%ﬁglaﬁl% SHehYeRa thaRistt A6h afnls Whnsistor 361 being
states. T g9

e two nodulation states may conprise
anafiguosd fanpparatimandhesapgation ragipnl se anpl i t ude

nodu .on. scheng, vanced and del ayed states, |

pul s WOBACT TR Eigienfiel ke 2ioh BRuOs B 55tur, P ds? (e a BID
ReEAL laVErsPRARBSI BAAcHIp 1 BEas@nANEIhinkKEYSW of the first transistor
nodul ati on schene. Tertiary, quadrature, or higher

3b ticthat\fonadsting beingmeasdeaiida diirdisansistor 393 s i hiedhirdh transinter 363 (e.g.,
i ) | R .
%Dngls/{aaw C@rﬁyfrﬁg% shffﬁ&gntt rb%slné Igg%(ﬁgélgse 1§ qﬂ?e rs@é g{gi g%éstor 362,

CIrcuits arately
ardrdbalihé cedodd, tramkisfoprisRcoperutes HDthel subktheshold eggian @6l produce an

circurt. [0033] Fig. 3B illustrates a first enbodi nent ..
GXpaneBtial| FepRONSF-d e Hih A°qoBeharder | GHVRT Yo siage r2oBrissiudesed capacitive-

i | | -
ihbuctite g&&oﬁgl%%@aﬁl%% 38Rt séc%g% g&ﬁ-ﬁi_&%dl g8 oPHR %g%rﬁftranmstor and

anpl 1 tude n circult e circuit
ianciutpohe serminal 368, Whereinavben eiloaluRi ihemiphgyl ®heoipgt terminal 365,

onent.i al , d secand-grdey. deri i ve st.ages, 220,
Shbrealiaingere e BaTBadeR erBhESHihae ERpElip e Tugve etvork 364
48 pedvidRes] sRBRY Brdef REriSANB rbPBns! AMEhO fillidAGted UnfRddiment as shown,
generator circuit 220 includes a first transistor

(the third terminplsSHET 36 ia0d)30daaf rige 4irst seeond eandi thiad transistors are
gzg‘é@ﬁ(g%%é%{ eo?%ft]t%%: snp;:g?/g t he input signal 305, and

[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
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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361b and 361c, respectively. The squaring stage 220
further includes a resistor 362 coupled to the second

woeomsioialo7 361b of the first transi stor 361, theCT/SG2004/000429

transistor 361 being configured for operation in the

. . . e .
AL B0 UL B A0 RRADI A3 1998 Bl  piovios
sémisbnduetoipratkss3 Gleeraaivplypan hehiiie] dadarisladedfoi épkation in its sub-
361b of the first transistor 361, that connection .
Bueshgldvsgonymay zeplase the prnolas Eansistos 682, imwhich; qage a corresponding
\ . . _ . Lol ent
RERREE L RniciRy bEfricn ) EHES CHIOS RERKL ARSI {108l
wher [8$6]t hEigs B€Cdliastiatea asiesdal erfbiiimpercfttrs uitia wideband modulation

PuSHoreE Tt i S gh BrDgdesl orvecaiata DR binary phase-shif
iU S Ful iR PGt SHg! gy gﬁfct 9! Wehkes3 Bt &be%&ﬁoﬁégx squaring,

t he second term nal 362b e second transistor an
axpapehipal tant esendmrh brd8 6 derivdtiveestages wifethe ulssagenRtatorscircuit and the

co d to the output term nal 65,. the al . .
Aindblaficn canttel e Tl erneribsabseiten ndiE £ Toyfhis embodiment, the
GQRAmb tstags 200 GtHidey @ RS WRiskstor 1 tHaviRh AVfirdeteBmARE M operable to
order derivative response. In the illustrated

eensbydi the impud sigshbd®s, and eesiskirr 1 wcenpled 40 theasrend pedyilb, the first

nd..363 f.the first, secon n hird transi-staors .
Aot et Sl Ak op SRR . 0 bl B bt RsBongial sage
Qa0 irchides, iifi additios®0hé Bedobid EBIT)rtamSIkDE QN 288 ChiPkBINOSFRT) transistor
input term nal configured to receive_the control

gescrbe imige3Butoreh rapsiptop R2ze By prsistergV2Rethe second and

-ansi g4 o : r r . .

TRRA abtin] €L Pind R, pHE] el e £ PRASHIR il Soupled pai

degoheresl by mldotoaficon EatlyofilthS 2&conthianth fadrtle trandidters are biased for

bi asj.ng. condj tion of .the second tralnsi stor 362. . .

EBrakeh Py iresinld Seiaido Praids camleisgRar cyRpatial osponses, their
Rd U R ROREREIR| of HERPAISERh Whsishors MDA SRPMIE, tQPectively.

with the second order response provided by stage 260,
pr od[M38%] aTpeeondopler dadeativedtdzat’68 alspBngludesetwoi sgotadns, the first

BB TRTR L B GP (EF 1D TR e b SRS e sond
frabsisterQ@damb R debdrRidtaphdve-indattite ndtWwerkl (G21& LAY ®éng coupled to
circuit can_be nmonolithically formed using a Bi

semccondtremiel pf Grecioyrth MansstaaQ2y el Ve capagitiyprirductive networks
‘;&Véo%ﬁleﬁ 5% g&nﬁn%h ot @E‘rhﬂﬁ} 59 {otr ‘Eor?ﬁé@tiélp{og;gg 81'1tgut load.

regi oh may replace the bipolar transistor . tn

whi c [0088F e Tae anodudgjoanetinngl icirceigr320ein this embodinmyt beludes sixth,

fabricated using. a i C ctor process. [0036

EPYpntised; gighia ﬁm%@%@iﬂaﬂg RS L rBISGRS R and Ry 3¥hen a ramp
WodeRarshpaRd Yt @E 24 terminal of M1, a Gaussian function current flows though the
emitter of Q1 then is folded to Q2 by the tail inductor L¢s. Hence, two Gaussian function

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
Gaussian pulses with reverse polarities are formed at the output of the capacitive-
inductive networks. Seventh and eighth transistors 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-

8



10

15

20

25

30

circuit represented in Fig. 3A, the enbodi nent
representing a UWB bi nary phase-shift keyed nodul ati on

woRomi7119370. The circuit 370 i ncludes the PCT/SG2004/000429

af orenenti oned squaring, exponential and second order
Y S&iGRNG R ul EA}P
Ejaﬁﬁéﬂég%i& t0 ?%28 ?genl?%% ?J@t ag el§ 3 é 0 gen eF&FVE@ l%Sceés cés e dbe seen, the

polaitiypf oBuput lpnlse s detemiingt]l by tite, cdntre] solirpeisigvedt a@herﬂlé@el of the
i ncl gdes %fl rgl transistor. M having,a fi rst termi
ganarob ygpal ild i Bighet & IGRICEHMING SRASIVE Dhate: His=o Tt positive,

LRELRE oJersBl f\(/)?odgmv@ %%191 bdiRessREd ﬁvévbﬁaset hﬁl ik Shanner, the
transi stor el ng bi ased for op erat| on'in

sanplemeitary plgeonS o fbénask gﬂtasfmhlﬁl k@bdgag@a&mre nxcpwdeﬁed in the
i n addj Iﬁ,@ t.o the second (BJT) transistor @ and

EmeFa(’jed( PRS-t r ansi stor MRA described in Fig. 3B,

fourfphzd)r ansinptedr wik @O bihd:f Eifeults; afh%' Sitauit MR bd W&med either in
second and fourth transistors Q d 2 being arranged
discratedionfponents pnhs amintegated supibd Itpsher lysirpterteembedimept in which

P L&t ChichEars0% Prloa’h o BEED M A bl woieble o ormativel

Q2GhOTR ey Bé Rpladed GARNMUD Akt peTRitddafor sub-threshold biasing,
responses, their Mas | evels being set by neans of

ensl the ciaenit fabrigated asaSVOSonteerod GFFMItVDB, respect i vel y.
00 h
0SB SR sy P 30 By, o

t‘eehMQiid; wheteb aﬂlﬁereﬁubheﬁgtlﬁ uiddeo mmdbmajyms raat Oef For example,
t he second transi st or t he second

& qnecios kﬁgmqardq?dts%@ fﬁ%‘ieWﬂt 8 1(1@2%1 4 $ortfine lpgpaypierrgsent a 0 bit.
Aﬁ ﬁ&i(?atétf‘ﬁlotﬁg ﬂ'é?a{éoroélrc‘hhethte?)ﬂ[s% hs E&ﬁfhﬁé@ﬁ}pﬂle%?% og the input

The two capactlv uctive’ networks~are couple
(igapimﬂy duclmegnabr iTo rgenedZ2PP My pldsmndtet ¢dgn loaatipheof the input clock

t h d | at t t
il i Refe infROPatal S (poieed SADr b SESTRTRY the odee
fdcais sloatRtcipuldB eannblt MBBe@NBrohsR iaSp@Es oBikerade t6%roduce PPM

When a ranp up signal appears at the |rst term nal of

mhlsesg Gau33| an function current flows though the

e tlg)ﬁcril] bh?lﬂstlra%esf ﬁ’ll dp%gfohgan% (&y b?gKt ﬁ'o!iulator constructed in
i ndu nce, ussian tunction si

bevordaaed ®ith fﬂﬁﬁﬁes’tﬁdm@é’:ﬁi@nv\/l Whert e em;sﬁ coittal rvbtta@as af Bw level (for
achi eved, These currents flow to

ewaésﬂ OMB ARG Y ds pEfrand 4B i pp *ﬁh%ﬁl%%lssian pulse with positive
5 %ﬁﬁ)?’fe (%gfﬂa\rloﬁ‘l%ér\ﬁgn& %ﬁef'hnﬁle R l%hg%g gu'gh level (for

reve fes Gre Tormed e out
btmnpia At MBA isdarg tIN{4 end M40 rik off, Mehn kraasscmepuddet With negative
transi.stors M3A and MBB are used as two transn ssion
g glsSH‘H“tare bi ased by conplinentary contr ol
vol tages. Thus, only one of

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

one embodiment of the present invention. The UWB driver amplifier is used to amplify
the modulated UWB pulse, as well as to provide a broadband impedance match between
the modulator and the antenna.

[0043] As shown in Fig. 4A, 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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t he nodul ated currents 325a or 325b will pass through
their respective inductivecapacitive networks to the

woOaem/oroi9f orm a positive or negative pul se. AsSPCasSGb@4/000429

seen, the polarity of output pulse is determ ned by

&hﬁhﬁ&rﬁt&l%' tra&ﬁsiktbﬁg@zzsaddem EAthest ﬂl@\aﬁiphﬁter khge GARsiGS 422 and

. g. representl n% OSItIVG
ﬁ%h@ firsty @eooud pmﬂ tkml teominglspwberein e mﬁde \2i»@atey tarminals 422a and

18l ranviard ReRbet SRR Adin dRyC 4ASeBy F uBrERRp) Bminal 422 of
pleafft Hahbikiok a@dhe k&oadl (afatn)r RANREEALAS ofthé REcond transistor are
generated UMB pul se. [0039] noted with the other

e¢unl¢d togsthertes askeandinoderd3d.-b&ouplepdgtveseniae firsh ae sesprd sodes 425

4"]8%15 nt z‘a&rgﬂges rCF%ﬂtw nltle%%%{” 5 lg&ﬁ.gi-otvlcgas %@E%ﬁdback In essence,

el 9ypeds c@f@ln@m ahOeEB&dbask cmBinos Wolrddhplifier stage with resistor
Al ternativel be replaced with NMOS

and islusion lf%edg%?ﬂﬁ ity M%QMDSZNMQ% FREHS | Tgussi (gehniqe iasanployed to

e} L o AR R o ccents

anot [08n4]NBnewd theei afntht m@hﬁqm etagem eraghbye asedi tof pmeiatb sufficient
time lag i.s used to identify b|n I s and )
SigaplpEel 1| GHYTHISIAR. | JirRRFatsad $tpFp Ao PRNBT they illustrated

I@' go@l%nta a?éﬂ%%lefévﬁ? or HoriBYack S K SEN s & Qtetrnatt% embodiments.

Icated int pul se generator circuit, the pulse is
Fesfenablye dhdogate h@rxphgrmsodif theefiishpatl fecopl ¢1ath$1§¢01csl 2k pnd 424 are

W et Dgneh ArBab il mbaaBg By P AR d i pltermative

dAbBdintctt r RUdiSbMS éach%ﬂii)lifﬁ@pgﬂﬁg@ ﬁﬁ&'h‘ﬁv& lﬂﬁ: @#l@erotal periphery, or
| ocati on nodul at ed puI ses can be passed through a

plwmtvg:ésn eliffieront stagep mesyuene diierpa] il gafeopRriphengsy demr»dmg upon
o SRS R OERLE o}, RBEITIAY U e i may

‘éﬁip[byt zhﬁpliﬁdﬁ lslfag@sOdSﬁ suebesyioélyag@easmg gatd: peviphevied in tﬁldér to provide a
exanp and M4 is off t hus t

@s&h% llafﬁﬂ ﬁmp%pwqrrﬂl’p%a@%r@%nﬁkﬂ &P@Wt%%e’@g?‘kﬁ’ﬁm & OWB driver

taﬂlghlﬁ%g@é}r EI?PQ?, ai‘i@)ﬁﬁe ﬁ&‘%és AP Yibsf Eaﬂﬁﬁllﬁ}gﬁg\r?%b%gﬁ r?eﬁf\)/!ﬁé}y to provide
|an exfrémeltytwide hiqmdwessatdn "ﬁhdss endvothlar desgmt appeoapldsandst je adopted

Driver Amplifier Circuit [0042] Fig. 4A
|1’il P@Qt‘ﬁ%&"%ﬁcﬁq ra wideband driver anplifier in
accoyiasF e Fithdt 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

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
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

10
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match bet ween the nodul ator and the antenna. [0043] As
9%?2 5 e hwlaly Grond fhe il UYBis HoleV StarBBRbAL 1 l‘legﬁs % 4fcrease the bandwidth
es one or nore anplifier stages 42 ?1
aﬁﬁielafnphﬁeswlﬂymtwumpmmslggpagam el coupl ed f| rst and

seco fier stage Si tor 422 and.424. Each o
the Eﬁﬁ ~ St Crga S s o acey paplifier was

LGHM. u ﬁ@do iit”ufr{jCE/ﬁBS"céaﬁﬁoﬁogy‘mBia@hﬂ@ cUﬁ&tifohﬁ %Jere( ﬁnﬁﬂated at 1.8V

gat e) term nal s 422a and 424a are coupl ed toget her
@ BneA fThegerfoouacd paramatets are: eummarlde; mﬂéabhz)l Hedowri naI
422c of the first transistor and the second (drain)

term nal 424b of the second transistor are coupl ed

upr e € n the

| | 1 Dl Aﬂ. ,qur]abui ||Udc <
Hrduet e n,gmr.\'/' Ws shunt
fppdh;sgé }n essence, =:%»it0e?}-§§3m Zeohdil ad as a

shunt Sfb¥dback conmon| sddBeinadt-ilPileFHat age |wi t h

r esi s8¢, amPowedgainor | 2eddi@2R,— 1hl WiHxh PMOG- NMOS

curregreuse techni que-s ggenpl2oy el GHA nprove the gm

and gfips W thout sacr|Ig #8340 the bandw dih. Tj0044] One

Beith-—ao The

"Pmﬁbtl\&f s’b(jﬂl‘ﬁl BN SM% Yy 1[{?{{2560 %'2 provi de
N ' rsaaﬁ’e“'m]éﬁl? 022 0L T+ ot og
pnr‘nndll@aynt, although f  ESbmA@HR Ve st ages mny| be used

i n_al Stability FestowMbodi hehBdn 22rel®l 48% . the date

per i piSeabilityg mehsurtmaerdti [ 51.0amd.2set@biHz ansi st grs 422

and 424 are substantrallTy the sane, although different
gate peripheries may be enployed in alternative
enbodi ments. Additiohabhley, each anplifier stage may

mghe sgma total periphery, or alternatively,

' 1% ges may have different total gate

peri pivas] e¥ig. dsReliRishsted RORirthpleficle DAk deehimh Odlerank@itter circuit
exanpl e, .in one enbodi nent the UAB drive anplifier may

ERptEgted i Reqordance pathdhe presan dpveaton.eThe padicelas frapgmitter employs
S PBTABASH R L 1K Bl BGh VHSR! PP or oy
eygeadintozinlation ksehhidBe thay be nsealniplacédréancoasithethp pegent invention.

amplifier sta sof ubstantlall the e .
ngI g %&0 lgﬁq 8 t 30 D) §8§%§gé}%1gol signal 315 are

a
i —
iimstowoheid Higr 3Bh&he puisp haplituds\BiodnlatarS 18ruiuts G@aussian pulses 520, the

earr‘rl%%gddrge or%twh?cr:heis 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
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 illustrates 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

Gaussian pulse. The control/modulation signal controls the amplitude of the pulse. At the
11 ‘
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15

i nput and out put capacitors 420 and 430, the val ues of
whi ch may be selected to provide DC bl ocki ng and/ or AC

woamplorng; the |latter being used to attenuate BAY/SG2004/000429

out put signals below the USB spectrumlow end (3.1 Gz

'aﬁtehﬁ@ U\/\lgﬁ)t A ngﬁ aﬁfﬂﬁdd%'(%ﬁsﬂ??ﬁl?@wﬁtﬁ acifegﬁ ko Exébkc\%' ML of 142mV to
em ssion regul ations

A&QinVu@ gaierqtqd b}t a hxghwehtrolkmgxwh vbhage atnldea b@smnpluud@(}aussmn pulse

o PEE T Pk B IS ad Bl 6 £FRRE LR ool Volage.
anpl [dosef AS shoil, QVRHabIaty §ﬂréa&1 8P oD s RAsEREL %%bfamphmde

enhancenent techni que whi ch can I ncrease the band
W Whdoaussiamphlesrissgengratydi wherThdigétalal 1" is irgnamitted and allewtamplitude

W@U%%us%arglp g’%%l gggerg%% gcggh?aqngogszt%&xséu q (&Kgn%geously, the

ﬁdtﬁﬁ sin@ii@ioh iadieged that ¢ With 8ddiiokd HistdiBo® Qﬁplfekl%‘ 11 signal after
domi nant poleis very far away fromthe origi

mpgmﬁ@% her platien msrfgsmansei wey agk affeeted tsmﬂﬁaéiﬂh when the
004
ek BIPHLE R ORNL SOTERLEIT o) By LR msamptn

afffHel FAMIUWBSraaesit@gnsd).043Wig 0. 18 urn CMOS technol ogy.

B|a3|n%%ﬁoggltlons were sinmulated at 1.8 18 mA. The _

per f 80 p &0ragRing descipon; bm‘%qnz@rasqn#&r‘gﬁ pgrposes of illustration
e ]

A ST MBI Sfr L COARI B By o i prcin

domg distlosednsdd obhcmsly MagC mdtf'manmsmtdhvaﬂaaoma&sqmmble in light of

invntlo e particul tr mtter enpl oys pujse
G S7EMB AL Ib ACEIORD FLREIEEE WIS SBSAFY TR RIGE [0 best explain
Ql'lé' ﬁlﬁi&ﬂiks%?@i% inVEMoR and ¥ ptaciBalQ) %pﬁ&@l%h% {Iﬁfbb&%%lb GHfers skilled

may be ‘used in accordance with t present 1 nvention.
[lmohe]armo slmtvmtﬂm Hieg invgptiomrinj wgrinus s¢rgb@dun3ms auld with various

n supplied to a

FR g o8 I T PERoUSERT Py RsBH e ipnded that the
\stbpemfuse ifeiibn bé défir@d byBae diken eded/helkdté.ude
nmodul at or 510 out puts Gaussi an pul ses 520, the
anpl i tude of which is nodul ated by the |l evel of the
control signal 315. The nodul ated Gaussi an pul se 520
is supplied to the driver anplifier circuit 530, an
exenpl ary enbodi nent of which is shown in Fig. 4. The
driver anplifier outputs an anplified Gaussi an pul se
535, and additionally provi des broadband matching to
t he UWB ant enna

12
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transm ssion efficiency. [0050] Fig. 5B illustrates

woheosionpet / cl ock, control / nmodul ati on and out puPCPSIGI@4/000429
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signals of an UWB transnitter enploying the pul se
afpliisude nodul ator of Fig. 3B and the driver
anpliifier circuit shown in Fig. 4. The input/clock
signal generates the UWB Gaussi an pul se. The
%ﬂg&rohlnn ulatlon signal controls the anplitude of
PAYECE K t heant enna out put, a high anplitude

(ﬁaUSSA%}alﬁbihﬁﬁuI% géﬁe@td@%ﬁkuﬁ QoRPAkin Fol tage of 142nV to

80w is generated by a contro gnal vol tage
and aal sweng kg dr@mmn;m anﬁrﬁ'u [tremsiftpE Hlaalqgeﬁtst,t gecprehjand third

et bRl il e SEIRUBR BT cam 071 0

1 O i an texposdmtiall Sdge, Acdi’th;ﬁﬁir@@' sdobiith thMBstoaUsSingNa first terminal
pul se i s generated when digital "1" is transmtted

goiepled todeapgspad trrainghof che Frlafansifiere 4 gecgahdormingd, and a third

L S e
dl st oat seeondapidet @drivative hstagd, gemhprisidge rant cansitivesnduotive network

t he denodul at i per f or.mance s not affected

sPgied t%taﬁtswn&t@mah@ M RasHEPTy %fhwtp%f@mmal wherein,
MR WRR N SouphaShamt b@tb\l}\%t%ﬁla?%rea]_i?@mﬁ% 'of the load combines
consunption of the transmtter Is 0.043W

wat3R¢ cé[jaeluf»f@neigom\mgledwkrto ptavide dsesorsbendendazivetiveasisponse.

for purposes of illustration and description. It is

not intended to be exhaustive or to limt the

DNV entrihe GahQidn iR p8kdraBr EidduR 6 cb4itOB Sfherdin %e%ﬁéxﬁigsﬁtége further

many nodi fications and variations are possible in
Icougprisesfa firbleresisterdonpled te tacheang. termieal g sy fistigansistor.
enbodi ments were chosen in order to best explain the
principles of the invention and its practical

appl | qabiGussian phies gereonbireuipdbh elans i drl Bdwheteih ke exponential  *

art to best utilize the invention in various
éﬁﬁ%éﬂﬂ@h?@msw th various nodifications as are

.S’u' t eg g&)l‘l&g%ls? ]glgcllﬁf F%ﬁﬁqaﬁ{imlfﬂe%@%oﬂdtdtr%rélstor

i nten ope o e invention ned by
t he claghinb trmm&mrdadmgeﬁ:rm ofitst Airuhal\batplédstoctha sevedd tesfrmnal of the

SdrrRgoc g £ongea s (e Tt AR e it fpmsstor, and

fth8d termg@PnNd and third termnals and configured to
operate in the saturation region; an exponenti al
stage, conprising a second transistor having a first

t4e.‘ rm nﬂlle 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,
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:
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coupled to the second term nal of the first
transistor, a second termnal, and a third term nal,

woheoeeciond transi stor configured to operate i RCTIS62004/000429

sub-threshol d regi on; and a second-order derivative
stage, conprising an capacitive-inductive, network

coupl ed thessggond, t ermi nal, of2 he"<&cond ,
P qRpd S L 19uﬁp§tz {ryr | } ewhe¥ei n, when a
| 6ad is coupled to tHA¥,aut put Lerminal, the real

resistance of the | oad conbines with the

vhomc kt | and- iAndwe t pavameters wof kihe oexpogentid & Vs ebaradtedstierequation:
derivatiye response. 2. The Gaussian pylse generator

dor et RLM theloadypral essistange @&L@@H& e dgEertiyq Falpes of the
conpri ses first resistor.coupled.to fhe second

EaPhiangy an inghgianae of e cppaeli Gr BRIty e Bedrn coi an

pul se generator circuit of clains 1 or 2, wherein the
exponenti al stage further conprises: a second resistor

doupl €be Gausshae pulse genergongireait affone € cloanohd, wherein the circuit is an

i st.or: d.a.thi ' i ng.fi
LT a AP g RS BIO e Sgp peess.
first transistor, a second term nal coupled to the

first termnal of the second transistor, and a third o
Ber ni hbg Gaussiappulseggaesptancigivitsed Qgemd claims 1J ercuivthegin the circuit

L e e —

second transistor conprises a BJT transistor. 5. The
Caussi an pul se_generator circuit of .one of clains 1-4,

wher ef\R WteWidepad m HCUCHHCAPRINE 1 ansi st or s

conpr i g8uddaRfalset ﬁ‘%}gdo Tl Adfe-Gaussi an pul se

gener at olrl Cl rdcaursletgreo oﬁ% ﬁt’ g@g%)rrs -4, wherein the

out put vol 4 agaring segt, comatisidg adirsidrasstor hreing finlst] seaomd and third

geg{?g}gfsg el tranotot Sribud uresdive it Aipar ignal af thE first terminal and

ECSpctitdICfe sANGLibn ARt are respective val ues of the

capaci tance and i nductance of the capacitiyve-inductive ]

net wor k. 72n @¥ponentish stagh cpmpsang @seeanddrangistor biting# first terminal
0 aj -4, . i ci Lcyit is an

?%?pé%({tgt%ée egg r}d]ctﬁln{lm\érwooﬁfg% ﬁlﬁl{ gg’fs%y&f gr med using a

Bie€dvidSeseifrilc afdl b ahied tephimal She sé&ond hansisos sordigufsd Beperate in the

generator circuit of one of clains 1-3 or 5, wherein

feRsthegsheldiregion; 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
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 control signal.
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is an integrated circuit nonolithically fornmed using a
CMOS sem conductor process. 9. An ultra w deband

wanadsliatior circuit, conprising: a Gaussi an pul BET/SG2004/000429

generator circuit, conprising: a squaring stage,

P irfd t Qtcult¥f Bich 9, SiherafC AR
? ﬁl r d@e;&%mﬁgﬁdéb%%%@r s%sf %ans?{st o}Iﬁconflll%rg?leg{ét %Cﬁlgﬂng stage
fuzrther commises afitst resisgmabupled toltbe fécosd termimal nfithedirst tiansistor.
operate in the saturation region; an exponenti al
stage, conprising a second transistor having a first

§er m pgd urﬁg%h@&naqnwﬁa@@mﬁ It d) o101 0, tagerdily rtﬁé exponential

transistor, a second termnal, and a third’term
sthge ﬁldhmud)ntpmam thirdrtransistbi lg;am@ﬁtsba Gipst teartndnil wotypled to the second

ub: t r and a,secand-ord erivative

sl "oF Sk i R Eor £ rocRd RaR AL P Mol dGtpinel of the
6RURd Rehsistor! 4l S8EARGNfeN M nal of the second

transi stor, and an output term nal, wherein, when a

load is coupl ed to the output term nal, the real

195" SYRMGEYidedd SPFRICARES 3 bk HE bl b guperein e

ﬁ@ﬁuma&nmmeamn&@mp@@@g a nodul ation control circuit
havi ng an i nput configured to receive _a control signal

and am foutpmRnsison hreagacroniel mit 5iresriing seogenksignabra first port
dul ation control circuit configured to
G € cbng bt <P

nodu Iasing condition of the exponenti al

st agea aarrent fminot crcuiohatihe aifirpuport omiplel tosthg rﬁ‘rlst péit of the fourth
The . ultra I]geband ulator circuit %cl aim
HRARYSPT 2 SERONE RH GoNglegtia doe eantioh @prt s peserd é"faP?l?tgb and a third

P&%b&{ pdd 16 Ah &kt rocaE)Q&to?‘ﬁ terminal of the first

ransirstor. 11. T l'tra w deband nodul ator circuit
of clainse 9 or 10, wherein the exponential stage

7 oo The ARROERA el GRENSERRAT BB IE ifein th firs,

tHirdSdnd e ASirsisRiors ach@oaiptisé & MODSEET @@hmét&d ah® thelRcond transistor
first termnal of the second transistor, and a third

eeppisea R BIT fansisfer. yl t ra wi deband nodul ator circuit of

one of the clains 9-11, wherein the nodul ati on control
circuit conprises: a fourth transistor having a

¢ént r Dhe pibrd wideband eeddulang eircdndf ohe oF ghdllclaiis fO-1Bt wherein the

ort
gircuit is an integrated circuit monolithically formed using a BICMOS process.

15. The ultra wideband modulator circuit of one of the claims 9-12, wherein each of
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:

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

second transistor; and
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and a second port; and a current mrror circuit having
a first port coupled to the first port of the fourth

wonresd7sor, a second port coupl ed to the cont POI/SpRN0L/000429

of the second transistor, and a third port coupled to

the ingygt @Jnsfgﬁt,?@%g Fﬁrgﬂ%t %eml&é E@gedbtbttg@sevevﬂﬁﬂ& Bafshal of the
nmodul ator circuit of one t e c rern

BMnﬂltraaslstot ki sedomth tbrhionat tbunla!chwsﬂ]sttblr@ terandiml afrthe ifise transistor,

&%ﬁP% tra sistor, and the second transi stor
DEIJT transistor. 14. The ultra mﬁdebanq
nodul @Jh@feni:ﬂh& Gétiohd @fd RAEh HantiBSr RIS él?feﬁmgl{xﬁéﬁlen
ically

the circuit is an integrated circuit nonolit
formed using a BlCNCS process. 15. The ultra w deband

dU| g'#lot 1%' ]&’\F %@%aoo o f%?\ﬁhcgﬁhﬁ%aﬁg ﬁ‘}he}l\gr? r‘[I({:‘eI gecond order
Helamwg eREst ﬁ@ﬂﬁ@fé&@r@eé\@%ﬁdt&@@%ﬁbmve JABIEE kd the second
the circuit is an integrated circuit nonolithically

el of shenspcendovmsisterandste . tha eutpThiermingl, avmr@eb@h when a load is

f
'goolr:]cg{no? he l%hti»flﬂe%mp i tpg ggér%lr Itgagglstgglslc%&pﬁgmg, tie reerﬁ resistance

bf tedosd wmlﬁ@eslvﬁﬂa the ffirdt Shpdcatvelindlictie e uptweslk tdprokRle a second order
third termnal of the first transistor, a second

derivativg |respaw§ anck i) pehen @rlpnd i coupled te gher tpuidenpinglcand the fourth
L 8hdkHRis %f) % n{jeafr &51?0%%3&' tl?enq df k&h@:rnes with the second
transi stor aV|n I'rst a Irst ermn coupled to
chmcipeandhcties nétwatk tofprévide s swond otdeadivatios resporsecond
termnal coupled to the third termnal of the first
transistor, and a third termnal. wherein the second

agd fqye hh:rat \K/ﬁ@@dnatrﬁ&ﬁllé%&e&f&lﬁ dfR 1A A7l (RERH the Imodula’uon control
manner. 17. The ultra w deband nodul ator circuit of
ciraiiteom@isesther ei n t he second or der derl vative circuit

further a.sec order d t|ve st

coup! Sdo ERi i BRRTPR) pSran etV control sigual, &
tsécvng itdiindal amba thxdttbygnigalt put terminal, wherein, (i)

when a load is coupled to the out put term nal and the

secon@ seyeafisiransistor; igtegnoserh betvisgn thetirst eappcitiessingdugtiveenetwork and
?ﬁe B@t??t! fé?rgmgp rfﬁ(% 'gg\%enm E‘l\%nor T{{&i i&ﬁ%ﬁ% \;LI férst terminal ¢ 8“8138 to the first

capacrtive- I nductive ne € a secon

tkermiined of the sixeb ranssor, asecondi tyrmwharcoapled &dtheSﬁr@maphéidve-inductive
to the o

t er.m_nal d the fourth,t istor is
esmleﬁlﬁ% fiﬁ@m%wov@sff tq %ﬁ ouDt teprpiak 388 conbi nes
Wi th HH&;isHar 898kistor interposed between the second capacitive-inductive network

and the output terminal, the eighth transistor having a first terminal coupled to the second
terminal of the seventh transistor, a second terminal coupled to the output terminal, and a

third terminal coupled to the second capacitive-inductive network.

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

transistors are BJT transistors.

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

integrated circuit monolithically formed using a BICMOS semiconductor process.
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capaci tive-inductive network to provide a second order
derivative response. 18. The ultra w deband nodul at or

woiomui7t19of claim 17, wherein the nodul ati on cearscko04/000429

circuit conprises: a sixth transistor having a first

term nal configured to receive the control signal, a

second termnal and a third termnal; a seventh

2t.anshAstloa widthang dsizer draplifees ircwie coinpysing one or more serial-coupled

ca itive-ingucti.y etwork and_ the output term nal,
mﬁﬁﬁg\;gg% e?‘i%aaﬁgxfl eﬁ%a%ea?ﬂrrf?&sglgfi rst termnal coupl ed
t o t hparhildl Soupled Frdt@ahd Qéconh @niplifieh stap @ REAHHOE, eRh of the first and

second term nal coupled to the first i _ )
serond amiplifie] stage transistore thapipg fusid secondiang thisd i¢rminals, wherein the

oupl ed to e tput term nal: i aht h
ARl of BF 70 B el Aloblips S0 AR coupled together ata
Gigft aoié,i ad- the dbied itdtthim tofh fiddd ChnipflFie® Wtagy tran kit Aal .the second
the eighth transistor having a first term nal_ coupl ed
tesmingb of gheotgeondenmplifiar strge tiqasistey art ¢puptedniogethesrat agsecond node;
ond termnal coupled to the output termnal, and a
Ird term nal coupled to the second
capach tfeadbadckn detevorly eoupdédvbetiweerl $he Tibst ankdt seaorwi dedeanehe feedback
nmodul ator circuit of. claim 18, wherein _the first,
PEWoRK comprising &ty ingdurtiyp glemetieir esigie demFY- are MOSFET
transi stors and the second and fourth transistors are
BJT transistors. 20. The ultra w deband nodul at or
@i r cuThe oftra vadebadd driwbre amphfi¢rheraiitr ofiictaim s2Garfurther comprising a

integrated citcuit nolithically formed,using,a
EFRARES NAMPE ARG for pres st pt gigal Ao §ferafid Rart coupled to the
fikdt iBde YRS Fifsk BF the loh€ b hofeQiMlifiRt idgne or nore
serial -coupled anplifier stages, each anplifier stage
conprising: parallel coupled first and second

lifder a ranst . fikst ..
2 ggon gn%ﬁ%f‘?lgFé%n?aaé%‘%f r aﬁ’élﬁg‘?gir}%‘ﬁﬁ é’% !lﬁaélfn f:lﬁﬁsffjﬂﬂgr comprising a
sqeenét hadng hi figt bert Ndoapled ,to Woeorl noddhef fiid Bkt of the one or more
term.nals of the first and second anplifier stage
prphierstages angd asecondpatior ppuiding appulguesignal. node, and
the third termnal of the first anplifier stage
transi stor and the second term nal of the second
adpl i The nltstwigeband alniversanaplifeer eiranupl ddaint 2 ethemin tie gate periphery

BRORY el g0 B RS P RRB iR 6 B Pl stage s

GRPRItigiyHharkBed Nduct i ve el ement and a resistive
el ement .

24.  The ultra wideband driver amplifier circuit of claim 20, wherein the first and
second amplifier stage transistors of different amplifier stages are of different gate

peripheries.
25.  The ultra wideband driver amplifier circuit of claim 20, wherein the first and

second amplifier stage transistors of different amplifier stages are of substantially the

same gate periphery.
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21. The ultra wi deband driver anplifier circuit of
claim 20, further conprising a capacitor having a

woiowto7pert for receiving an i nput signal and BCE8GNd/000429

port coupled to the first node of the first of the one

06. MOTRe MR iwWideBhind HAGE Sampdier UTeclathd DO, WheRRABR first and second

driver anplifier circuit of claim21, further

aonbiers istage drapsistery tcomphise iand’MOS | ransister tand oarp I NMOSo transistor,
econd nod t.he last.of the one.or npre lifier .

EPRgRRe . et S5be ot MsellR g TS tiely frmed using

M8 kemiddndutite ptckésa W deband driver anplifier

circuit of claim 20, wherein the gate periphery of the

first and second anplifier stage transistors within

e s ﬁ\@l'-f' sh.ad [ S | al tched. 24. . .
%ﬂ'e u?ﬁ?a Wi at’g%bn d ri vgran%apr@%?féfggaig?r%%i i mcﬂﬁ’i freuit 1s an
dfiegribé cieduit thbolithicaly fonted @b uBIINIOS defiicdiidadsr process.
transistors of different anplifier stages are of

different gate peripheries. 25. The ultra w deband

i ver | £ ' [ 2] aj wherein the
? |g'r st Agﬁ%@i@dgﬁ@dgiﬂ%% ﬂl‘%ﬁ%?ﬁ% ggﬁﬂ’%@% stors of
di f f earenltraampébahd erodslatgesct, eomprisingst anti al |y t he
same gate periphery.26. The ul tfra wi deband dri ver .
anpl i fier BPIEFER gD COMREFBR R HRTas L banie duslotrgond and third
aRidald £ SInfighrel 1R O5rat Y e SMIPhibA Segdoz VS transi stor
and an NMOS transistor, respectively,” and wherein the
circuit isamexponerdip stage] cainpusing aservaittansisti hyvihga fiest terminal

usi sem conduct.o ocess. .27. The ultra .
S oo R0 AR ol e e s et feipfeel and a third
Eirinial, tthd Secaiill rdisRfr 3b@fbuedd ©WpkrafPnGhd Sub-gadshyldieioRd
using a Bi CMOS semi conductor process. 28, An ultra = )
wi deband t# asespad-erder cderiyative stageprdosimitpinga rany| capagitive-inductive
i I j [ .S NG squarin o
BhSSReRSho RO B ooty ey o BEPEL ST RGP b Sutput terminal;
astond and third termnals and configured to operate
in the saturation, region; an exponential stage .
conpri si ng? am%@g%}?& Eonivol  cdicBit Bayingn gn alnpyt senfigyed freceive a
. C, t i i . .
FOULth bk 3 R0%! SHPTBloRA ) U8 Chion ot sgprios i,
thsemodulation tcontnsli siranit configugrer éul rhadudgie rthe ebiaging lvendition of the

%)lcjp%hterli}ga‘f Eagé &L £ RIALONY of the modulation control signal; and

a driver amplifier having an input coupled to the output terminal of the second-
order derivative stage and an output, the driver amplifier providing the real resistance
component to the capacitive-inductive network to produce a second-order derivative
signal at the driver amplifier input, the driver amplifier comprising one or more serial-
coupled amplifier stages, wherein each amplifier stage comprises:

parallel coupled first and second amplifier stage transistors, each of the
first and second amplifier stage transistors having first, second and third terminals,
wherein the first terminals of the first and second amplifier stage transistors are coupled
together at a 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; and
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a second-order derivative stage, conprising an
capacitive-inductive network coupled to the second

woeonwsioalo7 of the second transistor, and an out par/sG2004/000429

term nal; and a nodul ation control circuit having an

| nput conf | b QIR AetuRiE! 0\6 %l%d ' B%‘E’s%éit BN EQ N4 L Isecond nodes, the
signal and an output coupled to the Gaussian puls

deedbacktretwark comptising aeindoctivesd dnoemt erha resistive ekemeht

configured to nodul ate the biasing condition of the
exponential stage as a function of the nodulation

ogntr ?ge St Hideb@ite t@nsﬁiﬁﬂ‘t&e&rﬁﬁﬂ%f Elhﬁfﬁ ﬂEaWHégelﬁrihé Ripdkring stage

coupled to the output term nal of the secondor der

diethiey adrnprises t digs resistioraupled puthe s¢doad thrinieal ofi thel firk{ teansistor.
providing the real resistance conponent to the

capaci tive-inductive network to produce a second-order

der i vahi YiRraSkdBknd AanbiiRef bk o8 ofMRink DR 2l9n%epen{ ilh% exponentlal
driver anplifier conprising one or nore serialcou

atapt fifrther ccsnprges a agsistos heving fipst aﬁ'n&trte@ua@lecoupﬁd to the second

ris coupl ed .fi [SER Lifier
SRR 7 e PR Sl o P s C PUTEE RS R il of the
6ol tragdist6d, afka thirdnsmshar s having first, second and
third termnals, wherein the first termnals of the
first and second anplifier st age transistors are

?upl qﬂF tugI?aew&Jb i g?n%fuﬁﬁtt ?I Al Qlﬂf,dof Iﬂfe &M[%stS 30, , wherein the

ternlna the age transi
hhmu&ﬁomndmﬁﬂbﬁtdﬁﬁonqﬁwbme second anplifier stage

transistor are_co Ied t oget her t a second n anda
feedbaékmﬂ?s?m%@f Ve ArLoBEe fryigeefyipg I%?fgl(fl@@ girol signal,

ﬁémrtta!ﬂﬁ g&ﬁiﬁ?g{{t fiet wor k conprising an inductive
ar

esistive elenment. 29. The ultra
VVI debardrentamgnartdirenit haviogiat fisf pertt 2bupled to Wieefimst portivd the fourth

HAHSHBS, SHORE T SRR AR el B o st and a i
tpoARSUSEP o the thdudBe caplatitad netwighand transmitter circuit
of clains 28 or 29, wherein the exponential stage

further conprises a third tranS|stor haV| ng first a

br st T;hg ru'ﬂr@ %decogﬁlcp lu%ﬁisntiﬁgxt Pﬁmﬁ? 89 e of rﬂF@e gﬁ{mg ?ﬁt?;li © wherein the

|rst ransi stor, a secon ern1na
ffirsts thitdesnd ﬁﬁlk’thﬂi‘ﬂn&i@&)r§ esohnebipriss s M(MEE"Hmﬂnasﬁoh,l ardl the second
termnal. 31. The ultra w deband transmtter circuit
Srangser eqmprses & BAT HANYHOR0  wherei n the nodul ati on

control circuit conprises:

34.  The ultra wideband modulator circuit of one of the claims 28-29, wherein the
exponential stage further comprises:

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

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

wherein the second and fourth transistors operate in a differential manner.
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a fourth transistor having a control port for
recei ving a nodul ation control signal, a first port

wanded7sweond port; and a current mrror circuPCT/E2008000429

a first port coupled to the first port of the fourth
357t nait e FigERTTRGhteC ONRETE LRghT 34 UEER P oond order

tiadvatine diztuir fucthpracini@ises @ tevondcords? deﬁ%va Istage cmmp:lab tonithe second
transmtter circuit of one of the clains

-31, .
m@l At theesepondsiransisar,ad 4o dher PEH TR "3138?1%; @awhen a load is
éd o&h&o gfﬁn'hﬁlafﬂﬁl' ér QoonPiishsidG 1S 8GR ng, }he real resistance
nS|stor conprises a transistor. 34. The
vuf the Heaicconbdines aithr the ifirst whacive-ombictife nd:twodt @i provids a%@cond order
erein the exponenti al e furt co ses
Pl R eﬂgﬁaﬁﬁs couDIEd e Griigeliagd the fourth
baRsidtbi 19 chilydhing! el rdal Gedidtdnel dff ﬁféﬂoﬁh%omﬁn@@%ﬂfj the second
termnal, and a third termnal coupled to the third
thvamtwaerdﬁctwmtwedm gprovidemsesowt ordamnderivafive telponse.
transistor having first a first termnal coupled to
the second termnal of the second transistor, a second
B6r M Mk uRAURUEShnH Arah fifitlehéif it cHin 35, Gherehietht inficdulation control
transistor, and a third termnal. wherein the second
aneutf enmprisesir ansi stors operate in a di fferenti al
manner. . The d nd. t.r an £l ' .
cl ai mé St§ rﬁi“?iﬁg‘ sggsgnw 0 '%ec? ey i{/egéﬁéz%: rtg%il?()dulatmn

fculﬁttdlergnalpmdoﬁ@&rﬁm&emndthﬁﬂdammte; i vati ve st age

coupl ed to the second term nal of. the secon

t r ans RSixgh transipterdnterposer bgbyyeeny the ﬁffﬂi &PE’a%YérléﬁhFFﬁ"E inptwork and the

%rxhﬂx@.p tlﬁess&tﬂ%ﬁgt& a\hﬁ? eﬁrcmq?l@él 1@&1@ i€ erminal of

ond tranisistor 1S con ng, t e real Tesistance

aiie fifie trhiséstorc o sdoone sermirtahcdupledfto tlst first capacitive-inductive network and
@I tive-ind gt ive netvvork t rovi de a second order

& % Q he appy: fl a load is coupled

to thg QW irah§6t8 BRdrp éHéd Heﬂ%eflc’ddé st ARpAHIRLindSctive network
conducting, the real reS| stance of the | oad conbi nes

and lrthet hetpg‘e mmataihwewmle ttansisfor beeinger ﬁm’cktemmnal coupled to the
&F(g)\” ag ffﬁghet fi Wﬁ?tgrr ! Vs%éc ljf erriiﬁrgpf:ou%leg the output terminal,

\whe b ehift fehginAduplel It@ﬂle@@dahﬂ@hpaaitrveunducmwﬁéﬂv@ﬂs a
fifth transistor having a first termnal configured to
recei ve the nodul ation

37.  The ultra wideband transmitter circuit of claim 28, further comprising a capacitor

-

having a first port for receiving an input signal and a second port coupled to the first node

of the first of the one or more amplifier stages.

38. The ultra wideband transmitter circuit of claim 37, further comprising a capacitor
having a first port coupled to second node of the last of the one or more amplifier stages

and a second port for providing an output signal.

39.  The ultra wideband transmitter circuit of claim 28, wherein the gate periphery of
the first and second amplifier stage transistors within the same amplifier stage is

substantially matched.
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control signal, a second termnal and a third
termnal; a sixth transistor interposed between the

woiomto7c@apaci ti ve-i nductive network and the ouPQUISG2004/000429

termnal, the sixth transistor having a first termna
coupled to the first termnal of the fifth transistor

a second term nal coupled to the firs .
Hhpacths wisa tidehend VansTaiiGn Pk of Qa%?&dw%qem thg) first and second

it { hf\ier sABEs e LY ipheries.
L S bR BRIl Thcr sROC, e RENRICht got peripheris
capacitive-inductive network and the output termnal,
he seventh transistor having.a first _term nal coupled
$5° RERSS o R e pRGTpf 1ae Phheieg teghiBt &1d second
Qa0 staBE WaR@tos Ve diffeRerdt MenpiiteP YagdsCdrB T aubstAMAIIG the same
third termnal coupled to the second
gdppariphenes- | nductive network. 37. The ultra w deband
transmtter circuit of claim28, further conprising a
capacitor having a first port for receiving an input

41 gnalhea{iltkadvidEKRR dradSitted QihR bf e IdTahE icladas IRAEL, Qfherein the
e

o\ g

the first of the one or nore anplifier stages. 38. Th
Girouitas ot tdgeatedl qixcui srenotitvicadly demed usinge li’alicgvﬂ@&proces&
further conprising a capacitor having a first port
coupl ed to second node of the |last of the one or nore
437p! i Theetiltat wideland nehnsmERe Widuid Wftont W the @i IX$-4T) wherein the
qut put signal. 39. The ultra w deband transmtter
@FcuE s an fegrted el mapebithically doranegdasimg e MShepsPCcess. t he
first and second anplifier stage transistors within
the sane anplifier stage is substantially matched. 40.
The ultra wi deband transmtter circuit of claim 28,
wherein the first and second anplifier stage
transistors of different anplifier stages are of

di fferent gate peripheries. 41. The ultra w deband
transmtter circuit of claim28, wherein the first and
second anplifier stage transistors of the different
anplifier stages are of substantially the sane gate
peripheries. 42. The ultra wi deband transmtter
circuit of one of the clains 28-41, wherein the
circuit is an integrated circuit nmonolithically forned
using a Bi CMOS process. 43. The ultra w deband
transmtter circuit of one of the clains 28-41,
wherein the circuit is an integrated circuit
nmonolithically fornmed using a CMOS process.
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