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This invention relates to the field of Utra Wdeband
(UVWB) signals. BACKGROUND to UWB technol ogy for
w rel ess communi cation, unlike o

comn e el o, v Isggtrf ogg; ses CHIHNIHIN

In virtually *166166*
cai\—’mgﬁili & BU nformati on to be

transmtted resides in the puI ses and is not

nodul ated and riding on any carrier frequency.

technol ogy_js enerqgy is efficient and has very MWMI U’ ” ”
avé&@ﬁ@@%@ect ral density, since th

pul ses are interspersed with long 'quiet' interval §G0002+
when transmtted. UAB technology is not only applied

to wireless communi cation systens. As stated in "UWB
Regbist inventior re¢tates tnther fegic a Ultra WaddbsmdugiVy B2 6igidalsi. t

has 20 potential in imaging, ground penetrating

radar, wall imaging, through-wall inmaging, nedical
systens, surveillance, vehicul ar radar and neasurenent
Sy BACKGRAUKDOS5/ 067160 PCT/ SG2004/ 000006 2 In an
exanpl e of UWB data transm ssion, data is

characterised by the positions

UWB technology for wireless communication, unlike other wireless
communication technology, uses short pulses (also known as wavelets in some
publications) as information bearing signals and is virtually carrierless. In other
words, the information to be transmitted resides in the pulses and is not

modulated and riding on any carrier frequency. This technology is energy

15 efficient and has very low average signal power spectral density, since the short

pulses are interspersed with long ‘quiet’ intervals when transmitted.

UWB technology is not only applied to wireless communication systems. As

stated in “UWB Report and Order news release”, 14 February 2002, it has

20  potential in imaging, ground penetrating radar, wall imaging, through-wall

imaging, medical systems, surveillance, vehicular radar and measurement

systems.



or intervals between UAB pul ses (i.e. pulse position
nodul ation). The periods between the received pul ses
are used to reconstruct the data. In another nethod,
WHENB1¢ul ses are such that they are shaped RAI/SG2004/000006
represent data. In 5 yet another nethod, different
anplitudes of the pul ses are uged to represent binary

i nformati on. Wi chever nethod is used, the pul se

g j ' Lal.. t operatign.of an "
VR LRt SERE e Bahiios. 86108 etk iihe positons
Fig.l, a an b r ctively show a .io nonocycle )
el Betuetn TRBEBRES (s PR b sicD Bafbiglipeind herperiods
the frequency .domain. O her types of UWB pul ses

i n%?%&@ﬁgi'ee SiVGHAUsesgrgises o pasanstruct the dag ciniangther
signals and wi ndowed sinusoids. As the pul ses are very
shidethoguther YWG3 pylsgh are sueihthahtheyaresinapedito nepresentydata. In
15 broadband. UWB can therefore interfere with, and be

i nyedrahethed misthodxdiffeientampbindeniof e pulsey ateosed Bhigpresent
was the cause of hesitation in governing authorities

i nbipanyrinforinator.dvimheived metitodds used, theipidd §aidratioEtep is
UWB t echnol ogy. However, in February 2002, Federal
Cocnyroial athe @perdiomafeiyWEfeterd8. adopted the first
Report and Order permtting the marketing and

operation of UWB technol ogy. One year later, on 13

March 2003, FCC made amendnents to Part 15 and -
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Laﬁ%@m!:"@? W%rrty%% ?@@ggp% nrlydestep isgg GRS sianpulses,

maaéﬁ?c':yc |<|:aFI{F§igrneafIse5r?d Bv?ndowed sinusoids.

As the pulses are very short bursts of signals, an UWB system is inherently
15 broadband. UWB can therefore interfere with, and be interfered by, existing
communication systems. This was the cause of hesitation in governing

authorities in permitting commercialisation and privatisation of UWB technology.

However, in February 2002, Federal Communications Commission (FCC)

20  adopted the first Report and Order permitting the marketing and operation of
UWB technology. One year later, on 13 March 2003, FCC made amendments
to Part 15 and subpart-F, wherein details on what constitute unlicensed Ultra
Wide Band Transmission Systems is described. The FCC does not specify any

requirement on UWB pulse generation and shape, but it specifies the aliowed



t he hi ghest signal strength detected in any direction
and at any frequency from the UWB device, in

accordance with the procedures specified in the

ViR Watec0 The FCC defines a UWB transmitter PEI/SE2004/000006
radi ator which, at any point in tine, 5 has a

fractional bandwi dth equal to or greater than 0.20 or
has a UAB bandw dth equal to or greater than 500 MHz

r ?%ng{évﬁitilz f(ﬁ?fc%lﬁé}‘énf DA% s088hs \ﬁ@@g%&t @|RPTH'%S?§ 3&9?@ tefers to

show a Pl CtOfIa sunmar

bggh Wﬂg{hggfg %&g%h dd teCted in g'rr19 g}?/r‘é{:t?o:bsgﬁd %F@ylf&equency from
andw dt h f t door -
5 HE LB 'Celg‘ ol f}cﬁew'ﬂaﬁ*&vwamﬂﬁ SRR kinp focument
dl\/bdl al - in stens, Fig if
iﬂ&%é J&EB 8 Wer sanamien s g rﬁﬁ'atfgrms%%@t\mupomt in time,
magi ng' and Surveillance Systens. 15 A UAB signal can
5geﬁ@lsaﬁ fractionat handwidty equa) t<b9r preaterdhan Q@& cprtrwea UWBe
decay constant and pul se width. The equati on
r efrassuitth egual loasigcealpBthama il Mg regardiasseof doerfranticnsl
shown in Fig 1 ais y(t)=A2e teiT J 20 where Ais
t hebandadidthnpl i tude and r is time decay constant. In
frequency domain, the peak anplitude relates to

average signal power, the tine decay constant rel ates
to the center frequency of the pulse and the pul se WO

200BieDgraphe irPRiy BE04hoA0P Betorfhl summary of different FCC approved

10 UWB systems. Fig 1c shows the bandwidth for UWB used in Indoor Systems,
Fig 1d shows the bandwidth for UWB used in Outdoor-Handheld Systems, Fig
1e shows the bandwidth for UWB used in GPR, Wall-imaging and Medical-
Imaging Systems, Fig 1f shows the bandwidth for UWB used in ‘Through-Wail-
Imaging’ and Surveillance Systems.

15
A UWB signal can generally be characterised by its peak amplitude, time decay
constant and pulse width. The equation representing a basic UWB monocycle in

time domain as shown in Fig 1a is

\?
y(e) = A———t 1

20
where A is the peak amplitude and r is time decay constant.

In frequency domain, the peak amplitude relates to average signal power, the

time decay constant relates to the center frequency of the pulse and the pulse



width relates to signal frequency spread. The equation
representing a basic UWB nonocycle in frequency

domain as shown in Fig 1 b is w=t=Y(w) = Awr2 2~ee 2
BOR@MSe718) | s t he peak anplitude and r is ti mePCRSGRY04/000006
constant. WD 02/31986, "System and Met hod for

Generating Utra Wdeband Pul sgs" MCorkle, John,

di scl oses one net hod of UWB signal generation. In that

met had, sem -S re wave cl i l,. is firstl. .
oA e B G B 88 SR SAtonbiFsPo g besic
seréjveg of buf‘f?ﬁrsf, whi |l e the.othieﬁ stream fed to just

on JRPRICYCiedB Tiagyengy famagyagshqudy 0 g {baisy phase

| ag between the two streans (WO 02/31986 page 28
paragraph 1, Fig 6). Thg,streans -*hen fed into

ei ther an exclusive OR nge: g?‘”m@%aﬁ to produce a

conmhi neq single stre whi ch has tw ce the frequency

Sof WAES S GRAEEa PEPRSGIATEL 1 THIe SeMHAANEENES ot oo

of signal is then fed into yet another two series of
buffers which causes yet another two resultant square
wave streans having a phase del ay between them The :
| eaMOHeR/81 98 nPystepuanreMethod foe ehehtingt Witra Wideband Pulses”
non-inverting differential LO input of a nultiplier,
whiMeCorkle, Ualoi disclssescems imethasdofi MV signalrgeseratian. In that
differential LO input of the same nultiplier. Athird

i npogthotl, alsémesquareatavdatiack’ Sigaalds fitstly Sph into fwasistrédrs. One
the same multiplier. The result is a stream of

10ND Nsaned BXhef FetMd & eetad i tetdrowiille the ot stidane Fd® just one
| eadi ng pul ses, the inverted | agging pulses and the

datuffer OTHY twol §eridsesT R caldeeAphaagYetwden Biwo streams
wavel ets of ground-positive-negative-ground pul ses

TS piaicon g BOOELARNT D 1B UFTAEIE g
Fi Giffr an exclusive OR gate or AND gate to produce a combined single stream

which has twice the frequency of the original clock output. This combined

15 stream of signal is then fed into yet another two series of buffers which causes
yet another two resultant square wave streams having a phase delay between
them. The leading stream of pulses is then fed into a non-inveﬁing differential
LO input of a multiplier, while the lagging stream is fed into an inverting
differential LO input of the same multiplier. A third input of differential data

20 signal is also fed into the same muitiplier. The result is a stream of monocycles
from the combination of the non-inverted leading pulses, the inverted lagging
pulses and the data signal. The resultant stream consists of UWB wavelets of

ground-positive-negative-ground pulses represent ‘1’ and ground-negative-

positive-ground pulses represent ‘0’ (WO 02/31986, page 25 line 24-25, Fig 5a
25 and Fig 5b).



25 and Fig 5b). WO 2005/067160 PCT/ SG2004/ 000006 5

'Fig 2a and 2b of the present specification shows an
illustration of McCorkle's nethod. Two streans of

WO aWpBcMeves are fed into a LO having an i nverdr/Stp004/000006
and non-inverting input to produce A+ 21 a, 21 b,

which is a train of 5 subnanosegond positive pul ses,

and A- 22a, 22b, which is a train of subnanosecond
negati ve pulses. A is delayed with respect to A+ by
exactly the tinme width of the A+ pulse. AB 23, 23b is

© S 50 20 10 B O Tl e

differential , . biphase, nodul ated ocycle, AC 24, .
2 4B MeNE TRIOStE AR Rihualn WAVES S fefgnika b AR ap dpverting
U\B | ses of .other shapes. However, UWB signals '
ger@ihpRRTYFrIREIBPKT 1 RIOAUEHAE A1y &1 b Which is alepuef

ower, and | ow vol tage swing, and are therefore

i f pYRNANpsecpnehpesitiveopyses@ndrivad2a, 22, whivB is adrain of so
gener ated probably need to be passed through a
wi dedRiafnosesnghnedativepulresoAeist dalgyerawitih eespedt tooAa by exactly the
transmtting antenna. Figure 3 illustrates a nethod of
UVBtise gvidth afdhe Aat puise.a5B 885230 iseddifferddfial Batacsigndiand is
6, 026, 125 "Wavef orm Adaptive U tra W deband

Tr ameditatest With isiynalcA+ afd A-pwuipiiee RENEPREdRE Lullct&ftial,
a pul se-shaping filter 32, the output of 20 which is

us etliphasalimedilhtedanbRodyer, AT pYI24Y, MECARRH hatHid éaﬁn also be
by a swtching mxer 34. This is done to alternately

1pasasel to'WnePaRSUWIep@SES bi iheF sragial to the input
of a band pass filter 35. The resulting signal 36 is

then fed into an anplifier/attenuator 37 before being
output via an antenna 38. Larrick 's nethod

However, UWB signals generated by McCorkle's method have limited output
power and low voltage swing, and are therefore difficult to match to an antenna,

i.e. UWB signals so generated probably need to be passed through a wideband

15 amplifier before they can be fed to a transmitting antenna.

Figure 3 illustrates a method of UWB signal generation as described in US
Patent No. 6,026,125 “Waveform Adaptive Ultra Wideband Transmitter”
Larrick. An impulse generator 31 excites a pulse-shaping filter 32, the output of

20 which is used to directly gate the output of an oscillator 33 by a switching mixer
34. This is done to alternately pass or not pass the oscillator signal to the input
of a band pass filter 35. The resulting signal 36 is then fed into an

amplifier/attenuator 37 before being output via an antenna 38. Larrick 's method



WO 2005/ 067160 PCT/ SG20(14/ 000006 6 has a probl em of
signal leaking fromLO into the output which corrupts
the UWB output. Figure 4 illustrates a method of
WHEY7188g UWB si gnal s described in Jeong 5 PS3(HG26(4/000006
Cam Nguyen and Tom Scul I'i on, "New Uni pol ar Sub
nanosecond Monocycl e Pul se Gegerator and Transforner

for Ti rre Domain M crowave Application." |EEE Trans.

323%4 Qlém of sﬁ&&%ﬁfr&ﬁﬂﬁ) %ﬁgjtheupgtlp %%&hﬁ&ﬂgjpts the UWB

t% hort Monocycl e Pul se Generator wth Reduced

[é HYy." IEEE Trans. on MT.T. Vol. io 12, No. 6,

June 2002, pg. 206. In this nmethod, a trigger signal

41 drives a Step recovery .diode 42 (SRD) to output a
shgigars 4 aMatratslof methd$ obhamerhting WVB%lgr%?éé@&rfb@HQH gBong

a shorted stub transmssion |line 43. Due to signal

sT €l bs%leoearﬁ N@g}é,ﬂsnéhgm semr.SH'New Uh %laﬁt Qasér.?ond
a co

el ayed edge opposite polarity |

t hfﬁso(?focgﬁg%m?:é @Qﬁ%@%jr%dt rJn%f ! ougﬁJealﬂan'al?‘eM crowave

goes an 1so

bty JBEE 11358, OAPER Bl &0 Bt Pont i ne d J1goens
m’ - dgpidut yé“a?‘daé’%’raﬁﬁfv'g& 2@&&5\25}1“”%’8@% ik FBER Short
squr&%Qg‘ﬁl it é%%%@a;'e@@%%ﬁeés;%u&??&ﬁéé‘éé Téens. SRWYT T Vol

t he predom nant generation 20 nethod. However, it
10 s 1@0N°aﬁe#ﬂ‘[ﬁ %OQ?O P§+ Qpédﬁ this raetiiogna triggesicnabAaisirives a Step
to silicon I C desi the conponents used in a circuit

havecavery digded: )atOmemra/slgarp@rth edge.| This sigpal edge is
SRD i s a specialised conponent
passed through a shorted stub transmission line 43. Due to signal refiection

from the short circuit at the stub end 43, a delayed edge with opposite polarity is
combined with the original signal edge to form a Gaussian-like pulse. The pulse
15  signal goes through an isolator circuit 44, and then to another shorted stub
transmission line 45, which converts the pul_se into a monocycle. This
monocycle is fed into an antenna 46 (represented by a load resistance). This
method of UWB signal generation is capable of generating sufficiently high-
powered monocycles and is currently the predominant UWB generation

20 method. However, it is not amenabile to silicon IC design.

To be amenabile to silicon |C design, the components used in a circuit have to
conform to a foundry's component library. An SRD is a specialised component

not part of the foundry’s component library. Foundries do not fabricate SRDs



not part of the foundry's conponent library. Foundries

do not- fabricate SRDs WD 2005/ 067160 PCT/ SG004/ 000006

7 for it is costly to specifically devel op a technique
VPORBETd$0 for a particul ar SRD. Further nor e, PGISERI/000006
requires a large input signal power to excite it to a '
correct 5 state to produce thesrequired output.
Typically, the input signal power is at a |evel on

e G W

I n t, the SRDis basically a passive device
resul'ting in a |l oss of signal power. Two exanpl es of
SRD performance can be extracted from HP Application
Note 920 on "Harnonic Generation using step io
reclgverey di odes_and SRD nodul es" to substantiate this
poi rthermgre, a0 SRBARIUIreS AlaWeBRESignal GAWEF i excite iho a correc
i nput signal power is 2W (33 dBm, and the output

spovitate to produss thegeaeirgd odiut Tpically, thepupysignal powgr is at a
network, the input power is 1W (30 dBm and the

out igvel ansthe. csdenuf(207dBmryhichlis atseady largeo asS RDtbepdarer does not
of an SRD input signal has to be large, and the output

si giuathed Bmpiifyraot inpalvaEighalr refachdhe SR arbddieally ppdssive device
signal. Jeongwoo Han and Cam Nguyen al so di scl ose that

a nmsaltinglin adbspofl signal powdpeTEeRRARIDRS SHSRD Ig(e:rfo_rman_ce can be
differentiating a Gaussian-like pulse in an circuit

sucéxtpected h_@nﬁHP@LﬂéﬁicéﬁtﬁVﬂo&é‘Qf@ 8n2RQarmibhie Gdreration using step
sinple passive RC differentiator. The 20 frequency

ormi o1 VS . b
16;I q%@gﬁ?@?ld@é\/&?ai& %thﬁwrlg%b?%ctto E@sdthhtiaté this PSint: “For an S-Band

Damped Waveform Generator, the input signal power is 2W (33 dBm), and the

output power is 1.05W.(30 dBm)” and “For an impulse-forming network, the
input power is 1W (30 dBm) and the output is 0.532W (27 dBm)". In other
words, the power of an SRD input signal has to be large, and the output signal

15 cannot have larger power than the input signal.

Jeongwoo Han and Cam Nguyen also disclose that a monocyclical pulse can

be generated by differentiating a Gaussian-like pulse in an RC circuit such as

the circuit shown in Fig 26, which is a simple passive RC differentiator. The
20 frequency domain analysis of the circuit results in the equation:

/

v, R 'WR
—= - JwRC ~ jwRC

V, %wc‘“R 1+ jwRC

The approximation used in the equation is valid if:




V, YywC + R 1+ jwRC.The approxi mati on used in the
equation is valid if: WO 2005/ 067160 PCT/ SG2004/ 000006

8 JWRC-<-<1 Hence, the output signal is rmuch |ess
WaaepsneTielegar dl ess of the val ues of R and C. PORiSG2004/000006
IS not possible to have a | arge output signal from

such an RC circuit. In additiorg the shape of the

‘output pulse is poor. In the time donmain, the 5 input

step voltage signal can bemggﬂ@i@ﬂ. by the circuit of

Fig 27. At time tQ the switches will nove from

the solid line position. to the dashed |ine position.
LetHgnse=the Qipyhsignalds s1usp lesmiben dn regardiess b thehwaluesyof R and
an infinitely small rise- tine.at t =tO = 0 seconds.

Th&.i hRus. ittiamobpossibleds dave @ laegeuqutput signal foam s@h aSBBLC circuit.
10 Then at t > 0, V=IR+=RQ+Q C dt C 15 Initially, at

t -- Gs,nadditiep, thelshage of ther vutpubpuse isypdat én thetimeiomain, the
at the left plate of capacitor, thus forcing current

s duoput step vdltageesigrsal @anBe rmodelicel by theamear of FREZTEAL time 10, the
accumul ation takes tine, Vout,initial = u(t), since

UE :t%voi@viﬂchéﬁ il MBS O theaddlid Yink position tb the dFsitKe e position.
u

Lett0 = 0 seconds. A step function is created having an infinitely small rise-

time at t = t0 = 0 seconds. The input can be represented as'

u(t)={1=t205

0=t<0s’
10

Then att> 0,

- _pdQ 0
V._IR+Q/C_RE'+_E'

15 lInitially, at t ~ Os, a step voltage starts to accumulate charges at the left plate of
capacitor, thus forcing current i down to the resistor R. However, because

charge accumulation takes time, Vout,initial = u(t), since u(t) is instantaneous

step:
dg
20 initial dt u(t)
dt R

As time passes, the capacitor charges up and

o=cv



20 dQ u(t) dt R As tine passes, the capacitor

charges up and Q=CV WD 2005/ 067160 PCT/ S&004/ 000006

9 where V is voltage across the capacitor. At t >> 0,
WMWPHG7H0N0 nore current passing through rePCISGR004/000006
i.e. i =0 and VO, final = 0 V. The initial and final
state of the circuit suggestsdhat | = dQ e-Kr =
u()e-Kr dt R Vo = u(t)e-K 5 Therefore, as can be

gfg@eﬁér oR bgﬁﬁgagrﬁgggﬁ g@&bcvi&sﬁgﬂgﬂé%str@re %o h{qﬁlg}cmm |

ave an expone

ourasng BrdubfeSER B0 CARP Gy, e DO 8 iniiglCany el state of
sngl | .a_IitudFs O An exanple of an active - _
d??‘?%?'é‘f’t{'ng)sé{qgr‘?ﬁ S¥BEuit, as opposed to the above-

nmentioned passive RC circuit, is o whi ch uses an
Qperational Anplifier (opzflﬂm)ﬂ HEVI ngr a negative
feedback circuit as illustrd&ted i nRFi g.28. "Design
with Operational Anplifypgrgped Anal og I ntegrated
50 rcuits" by Sergio Franco

Therefore, as can be seen from the last equation, regardléss of the input step
rise time, the output will have an exponential decay. This leads to poor shape
symmetry‘of the output pulse because of the slow exponential decay at small
amplitudes.

10
An example of an active differentiating circuit, as opposed to the above-
mentioned passive RC circuit, is one which usés an Operational Amplifier (op
amp) having a negative feedback circuit as illustrated in F.ig 28. “Design with
Operational Amplifiers and Analog: Integrated Circuits” by Sergio Franco

15 analyses this circuit in terms of its loop gain. Perfbrming direct analysis, it is
assumed that the current output from capacitor C of the differentiating op amp

circuit of Fig 28 is approximately equal to the current into resistor R. This

means.:
dv, V,-V,
d R
VC = Vn Vl
7. (t)= -rc 24
dt

20

As can be seen, the output voltage is the derivative of the input voltage.



15 analyses this circuit internms of its _|oop gain.
Performng direct analysis, it is assuned that the
current output fromcapacitor C of the differentiating

VP 20064067160 rcuit of Fig 28 is approxi mately equ@lsd2004/000006

10

15

20

the current into resistor R This neans: CdvVc = V. -
Vo dt R VC=Vi, -V, dV,. (g V. (t) _-RCdt 20
As can be seen, the output voltage is the derivative

I oV . /000006 .
oM PeRBHn TRt PRl Andgs el pEpdSnaE¥8sRse i

total frequency response is A Vi b 1+ Yb 5 1t is
often the case with op anp circuits that the |oop gain
is sufficiently large (ab>>1) to approximate: A = A
1 WM=b In the case of ghk cilcuilt of Fig 28: 1 1

Ve

it is often the case with op amp circuits that the loop gain is sufficiently large

(ab>>1) to approximate:

AEAH“I'—‘-Z

In the case of the circuit of Fig 28:

tiyA)

- 1
where s AERC.

As shown in the above frequency domain analysis, it approximates a
differentiating circuit, which is its purpose. However, a differentiating op amp

does not fulfil the purpose of Applicants’ invention, as will be explained in the

detailed description.

Figure 5 shows a method of UWB Signal Generation described in WO 99/53616
“Monopulse Generator,” Stevens, Roderick, Leonard and Wailace. in this

method, a high freduency oscillator generates continuous sinusoid signal, A,
which is fed into a window pulse generator 52 and a delay biock 53. The delay

block output, signal B, is a delayed version of signal A. The window pulse



-1+ f 10 b b(f) .f where f 12, VRC. As shown in the
above frequency domain analysis, it approxinmates a
differentiating circuit, which is its purpose.

However, a differentiating op anp 15 does not fulfil

t he purpose of Applicants' invention, as wll be
explained in the detailed description. Figure 5 shows

a net hod of UWB Signal Cenerati®dn described in WD

99/ 53616, " Monopul se Generator," Stevens, Roderi ck,
Leo@&PEaAq Pr vﬁvqeg@w'mgwmeuwl% GranHiedutures dbwitch 54 on-and-off to
fre uenc, *I at or enerat es continuous sinusoid

si ghars S alsé/:vﬁ BPPreRrig %@Q"Pﬁ'i#‘a"rw rasoitantsional, @ s etrofowed
52 ay bl ock 53 The del ay: bl ock out put,

Si g%a S@ddp%i ey°fcf’é‘|eaﬂPé’8 V&SR I @Pefoximaielil a mondtyelenThiansthod

I t d d I :
i OF IR R P aPate i aier i LOsionaabing et e
T I t ant I, D |
wi nBRE RO PRSI, oo per 00 whi ch is

approxi mately a nonocycle. This nethod of UWB signal
generation has a problemof LO signal being | eaked to

R e PR e o e
" Cobh8h8on aPUﬁ.%eW;@élgggﬁ St B debnd Sent nay

1 nf oconm Devel opnent STtye gveloprgent Authority,

FebSingayord 098 F 0 . od, a _
shortgpﬁclxse Weg?{hﬁr%%@qag 'chhg o ‘we h’b#ﬂ'ﬁ WS&P des phart PU'Se

-baswidtrof & fed irite lz rd:lrmﬁ@ar@?rcu?t(\ﬁ,‘é ?@H?Sﬁq%gwde ?% !ghlch causes -

oscillatory response within se W
r esﬁp'wmlatm‘y aésmnae lwltnﬁh tRé pulse wmdow This response is also a kind of

UWB s:gnal 63. This method of UWB sngnal genera’non is also not amenable to |
sthcon IC design as a Tunnel diode is, like SRD a very speclahsed component.
_' Quoting from Electncal Engmeenng Traimng Series by Integrated Pubhshlng -
(see the web-site: www . tpub. com/content/neets/book?/ZGa htm) “In a Tunnel
-dlode the semiconductor matenals used in forming a junctlon are doped to the
extent of 1000 nmpurrty atoms for 10 mrlhon semiconductor atoms.” However a
normal diode is hghtly doped wrth one impurity per 10 mmuon sem:oonductor

atoms Hence, a tunne! diode i is a very specnallsed component wmch is

expenslve and not avallable ln most foundrleb

The paper by Hyunseok, K. et al “Dmign of CMOS Scholtz’s monocycle pulse
generator.” and Im: 2003 IEEE Confc:rcncc on Ultra® Wide Band Systcms and

Technologics, New York: IBEE, 16 Novcmber 2003 pages 81 to 85 proposes a new

Amended Sheet
IPEA/AU



UAB signal 63. This nmethod of UMB signal generation is
al so not anenable to silicon |IC design as a Tunne
diode is, like SRD, a very specialised conmponent.
Quoting fromEl ectrical Engineering Training Series by
Integrated Publishing (see the web-site: ww.
t pub. Conf cont ent / neet s/ baok7126a. htn), "In a Tunne
di ode, the semi conductor materimd s used in formng a
junction are doped to the extent of 1000 inpurity
atons. - for 10 mllion sem conductor atons." -However, a
"nornmal diode is lightly doped with one inpurity per
1%& 1II|on sem conductor atoms. Hence, a tunne
{2 TROnpEYSje pitecing sintdated omTISMON0. ] Whibidheies CMOS technology.

égﬁlve and not available In nost foundries. The

% By mepassiegialse ks achieves ﬁ‘“@awogdidexﬁﬁnvemausman ulse which,
Schultz s mpnocycl e pulse generator."” and In: §

| EEEVEDL Hf WPEH% achiryeUpr p suidrart souaret GBysit edts h&ﬁbilbohc tangent input.
%Fmo%g New Yor k: | EEE, 16 Novermber 2003 pages -
81 91& %’BS%%“&P‘HEW BERFEHEILbY Shemwt diffREAaNpotians in passive
Aotn%ns nonocycl e pul se and sinulated on TSMC 0.1
m crc er CMOS technol ogy. Scholtz's ‘nonocycl e pul se
_is achieved from second derivative of a Gaussi an pul se
which, ~in turn, is roughly achi eved on a quadrant

SQEp er bol i angent input. Then
choﬁﬁm? E%glg%:e%/c eélg @ 'é‘é %‘itl KP@H bpg/a Geessied approximation.

di A egagiaws Ngpassi v ' components. EP
1370038 d?gc g’gwggd;?”é’?%a LiChE ﬁB’ﬁ‘%%awéoﬁumm of linear

| hasmansﬁtﬁ‘eabéﬂ 18RRI BXLRLY | e (Vi

‘provided with the wave s&éﬁ%mmﬁgggﬁ Fﬂ %“%%%@€§§ﬁﬁﬁ°bmnla,
ofcohbsperding Wivnsi t i ons between | evels. Each wave
txansition is fornmed into a sliding.set to obtain a

None of the above-described methods is singutarty aménable being

implemented in an IC design while being risk-free from LO srgnal leakage and

pmwdmg a sufficient power swing for antenna transmussron

Amended Sheet
TPEA/AU



correspondi ng wavel et. None of the above-described
met hods is singularly anenable being inplenented in
an | C design while being risk-free from LO signa
We2age1ieind providing a sufficient power sw RQI/SEH004/000006
antenna transm ssion. Anended Sheet | PEA/ AU WO
2005/ 067160 PCT/ SG2004/ 000006 32 SUMVARY OF THE
I NVENTION 5 This invention describes a new nethod of
using transistors to generate and/or shape UWB pul ses
of pul se-wi dth of <100-pi cosecond. The proposed net hod
of. UWB signal generation is fundanentally different
fromthe prior art and has inherent advantages which
overcone many limtations in the prior art. io The
_ prtﬁﬂﬁmﬁéﬂﬂﬂm generate a | arge signal
output swing to generate |arge output power. The
net hod al so does not have the problemof LO signa
| eaking into the UWB signal. The nethod additionally
Spr oNnigiewentiaon descrives sengve methad ofrusing tansistops tovgefwesate and/or
significant control over the generated UAB pul se
(i .shapehBVBusesofipulsesdidth plik $80-picdséconul The psbpased method of
and pul se repetition 15 can be controlled).
Fury\Wwer sigmal gehbeatioetis iuhdasnamtalbdifferent fiemethaipeior artiapdhas
types of UWB signals such as nonocycl es, polycycles or
bi phiserensadiantages Misich doEicemedhahfiimitatidrinitRe phiafart.
small circuit size and can be designed into and
i mpl emented in an IC. 20 According to the invention in
a first aspect, a nethod for generating UW\B

10 The proposed method is able to generate a large signal output swing to
generate large output power. The method also does not have thé broblem of LO
signal leaking into the UWB signal. The method additionally provides a high
pulse repetition rate and provides significant control over the generated UWB
pulse (i.e. the pulse amplitude, pulse width, pulse shape and pulsé repetitioh

15 canbe contrdlled). Furthermore, the method is useable to genefate van'oué
types of UWB signals such-as monocycies,:polycycles or biphase signals. The
device of this invention has small circuit size and cén be‘de.signed into and

implemented in an IC.

20  According to the invention in a first aspect, a method for generating UWB

signals is proposed comprising the step of differentiating a clock signal once to

obtain a UWB pulse.



signals is proposed conprising the step of
differentiating a clock signal once to obtain a UVB
pul se. WD 2005/ 067160 PCT/ SG2004/ 000006 13
Weewseéme). t o the invention in a second aspectECESG2004/000006
systemis proposed conprising anplifying neans,
. negative feedback neans, a | owpass filtering neans, a
DC decoupling neans, and the anplifying neans

Pr QlecEidiy. @Whegﬁ&%ﬁigﬂrin bheceng %\?P%ctf 8 g.ygfén’i Eepljgﬁéﬁ‘%eﬁugé&nprising

filtering mean ~lowpass ered”out put” o
or R ey e B LR, e Wi RgEshe. a o
outisir S PERAPER, AberATubo biar i Btina YEpGhth &fthe system

of .an.inppyt sign to the system and _whereby a UVB _
w88 BB Ty Retp e B measiee e oW SHReerep puthutof the amplifer
transmtfi antenna i s produced. 10 According to the
| nveResaiveliedbast tathedpalimeans alithe @rmaliier dhedudecoupling
conprising the steps of using a substantially step
chdngansgenaying ary D& ¢ampanant juthe amplifiasoatputawhergin the output
first input to obtain a first pulse signal, mxing the
f i rfeam hel systerpiiy anlamwplified differeotial of aplibputtdignat ée tedsystem, and
i nput being a data signal, to produce a 15 second
pulwiersbyadlWarplisk haeing suffizient gowbe faranateHingub Setransmitting
signal to produce a third pulse signal wherein the :
t hiardennd ispredgpedl. i s a UMB pul se signal. BRIEF
DESCRI PTI ON OF THE DRAW NGS 20 The present invention
towi I I be understood nore fully fromthe detail ed

description given below and fromthe acconpanyi ng

dr andcdein@to R ihGesticAAhTE Hsped a method is proposed comprising

L%

the steps of using a substantially step changing signal as a first input,

differentiating the first input to obtain a first pulse signal, mixing the first pulse

signal with a second input, the second input being a dafa signal, to produce a
15 second pulse signal énd differentiating the second pulse signal to produce a

third pulse signal wherein the third pulse signal is a UWB pulse signal.

BRIEF DESCRIPTION OF THE DRAWINGS

20 The present invention will be understood more fully from the detailed description
given below and from the accompanying drawings of various embodiments of
-the invention, which, however, should not be taken to limit the invention to the

specific embodiments, but are for explanation and understanding only.



the invention, -which, however, should not be taken to
limt the invention to the specific enbodi nents, but
are for explanation and understanding only. WO

WU OETP60 PCT/ SG2004/ 000006 14 Figure |a PEBES2004/000006

1-ns pul se wi dth Gaussian nonocycle in the tinme domain
Figure | | b shows a 1-ns pul sa4wi dt h Gaussi an
nonocycle of Fig la in the frequency donmain 5 Figure

1righrega SREwRaNMIns BulselvabtH BBusaan evdchak N Bk hr‘ﬁe domain
I ndOor Systens according to the FCC. Figure Id shows

| the bandwi dth for UWB approved for use used in Qutdoor

10

15

20

25

Handhel d to Systens according to the FCC. Figure le

éﬁ%ré R6 SRBAAY ST aﬁugére ‘Mgﬁ} g{%ﬂgﬁgﬁ%éﬁc)yﬂl%eofﬁgqai it the

I magi ng

agfcordi ng to the FCC. 15 Figure If shows the bandw dth
f lreq%c Flﬂ}%d for use used in 'through-wall’

I magi ng and surveil |l ance systens according to the FCC.
Figure 2a illustrates the nethod of UBW pul se
generation accordi n% to WO 02/31986. 20 Figure 2b
f uFigHES 1£|shaws et kandywidth leeWdtiarRToVEEViPHRed® INdeReP vate %
of Fig 2a. ure 3 illustrates the nethod of UV\B
pu?@érdg&ﬁérﬂaﬁ Fgﬁ according to US patent 6026125. 25

Figure 1d shows the bandwidth for UWB approved for use used in Outdoor Handheld

Systems according to the FCC.

Figure 1e shows the bandwidth for UWB approved for use used in GPR, wall imaging

and medical imaging systems according to the FCC.

Figure 1f shows the bandwidth for UWB approved for use used in ‘through-wall’

imaging and surveillance systems according to the FCC.

Figure 2a illustrates the method of UBW pulse generation according to WO

02/31986.

Figure 2b further illustrates the method of UBW pulse generation of Fig 2a.

Figure 3 illustrates the method of UWB pulse generation according to US

patent 6026125.



WD 2005/ 067160 PCT/ SG2004/ 000006 .15 Figure 4
illustrates the nethod of UAB pul se generation
according-to Jeong Soo Lee, Nguyen and Scullion, and
Wheooseéhed according to Jeongwoo Han and Ngw@EmEG2004/000006
Figure 5 illustrates the method of UBW pul se

generation according to WO 99/,63616. Figure 6
illustrates the nethod of UBW pul se generation

0 e e S RO COM B R G5 oro

25 &e Y. 2003 L Jurianto Joe. Figure 7

T ISR LEE o bR oSty B B BB ockadbtifindyie Jeongwoo Han
invention. Figure 8 is a graph showi ng the transfer
furﬂﬁai"gﬂ”y&”'an embodi ment of the 15 invention. Figure

9 is a graph showing the transfer function of Figure 8
approxi mated by a first-order high-pass filter. 20
Figure 10 shows a circuit |ow pass filtering the
Snedd@urees flustiptesithe nEthed of UBW ipglse gemeratipni aczioeding ¢td WO
the circuit of Figure 10 represented in frequency

f urR9(336m6.bl ocks. 16 Figure 12 showsa current-vol t age
(series-series) feedback topol ogy. equivalent to the

bl ock di agram of Figure 11. Figure 13 is a further
illustration of the current-voltage (series-series) '

f eduipur6 illustratasl tbgynathodiof) LIBW pRise generation disclosed in Cellonics

Presentation in Ultra Wideband Seminar, Infocomm Development Authority,
10  Singapore, 25 February 2003, Dr. Jurianto Joe.

Figure 7 illustrates the effect of an embodiment of the invention.

Figure 8'is a graph showing the transfer function of an embodiment of the

15

20

invention.

Figure 9 is a graph showing the transfer function of Figure 8 approximated by a

first-order high-pass filter.
Figure 10 shows a circuit low pass filtering the negative feedback.

Figure 11 shows the equivalent of the circuit of Figure 10 represented in

frequency function blocks.



Figure 14 shows a hybrid-TT small signal circuit

Fi gure 15 shows the schematics of a sinple test

circuit of the enbodinent of to Figure 12. Figures

1. 6a-f are graphs showi ng the frequency donain

response of -the circuit of Figure 12. 15 Figures

17a-f are graphs showi ng the time démain response of

the circuit of Figure 12. Figure 18 shows an

enbodi m%n‘ﬂ“"&f"2tﬂ*i'éW$@m@ﬂW@ltagﬁeﬁeﬁ%ﬁ-&ﬁasD femabiack topology equivalent
- equi val-ené‘§ to that of Figure 12. 20 Figure 19a-e

i || ust it B Hlogk digremredfigusei iy function of an

enbodi ment of the UWB generator. Amended Sheet

| PEA/ AU WO 2005/ 067160 PCT/ SG2004/ 000006 17 Figure

20- 23 show. rious.inpul se_nmodul ati on t-echni ques o
using- a 'guéﬁ%gdﬁ ?rgﬂfheﬁf”uﬂ'i%“%/@ e aurrantomitage ($eties-series) feedback
i nve ti-g)n. Fi BFé_e 24a-d show vector representations of

si gnal. Bﬁ@% 'QF(?nlz-accordi ng to 5 an enbodi ment of

the invention. Figure 25 is a sinple representation of

how a UWB signal/data is transmtted, received and

gﬁ?gtr:ﬂ F;ﬁ%{{s'%usea %%I%J_Iwussna;l?gig%l%irgllmﬁpl e. passi ve RC.

Figure 15 shows the schema'ﬁcs of a simple test circuit of the embodiment of

‘10 Figure 12,

Flgqres 16a-f are graphs showing the frequency domain nesponse_df the circuit
of Figure 12, '

15 Figur:'es 17a-f are graphs showing the time'domain response 6f the circult of

Figure 12.

Fighre 18 shows an emquiment_of the UWB signal generator circuit équWal'ent

to that of Figure 12,

20
Figure 19a-¢ jllustrates the differentiating funcﬁ'on of an embodiment of the
UWB generator:
Amended Sheet

IPEA/AU



Figure 27 nodels the generation of an input step

vol tage signal for input-into the passive RC
"differentiator of Figure 26. 15 Figure 28 illustrates
VEQ@ 2006/067d60f f er enti ating circuit using an Oper atgTNEbo4/000006
Amplifier having a negative feedback circuit.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 20

Fig 7 illustrates the basic funicti on of an enbodi nment

of _the enerator of the present invention. A
pokiqyre 588 sBowvariels yapdle mqsié'jatm teehniguesusing an
enbodi ment of the UWB signal generator 72 and is

c ognhodisgent of BTQaUWﬁIG@S}%ﬂa@f obthesiaverionConver sel y, a
negative pulse 74 is converted into a nonocycle 75

which is the inverse of the nonocycle pulse 73. The

f undament al operation of WO 2005/ 067160

PCFidi2 (et 660 GectbB répreseniBticrisgfaligrast ensteMatiohs dcgording to
ultra broadband differentiation and anplification of

51 npotensbagiiraést. of Ahe invention.i N t he UVWB si gnal gener at or
takes in a train of broadband. sub. nanosecond

pul ses, differentiates.and.anplifies themto output a
train of UMB signals. An output nonopul se has a

s| Fediire)2s i9 @x@s@rhpte' raprédemtdiion dfihdW 4 DWB %l‘%tabﬁaf.arlg tansmitted,

pul se. The follow ng equation describ

di fré@ef,\%r(yté dé{gctganctlon of the CIrCUIt inthe time
domai n. = Kx{(t) to Wuere, x(t) is the input

si gnal to the bl ock; and y(t) is the desired. output
si gnal . ' '

10 Figure 26 illustrates a simple passive RC differentiator.

Figure 27 models the generation of an input step voltage signal for input into

the passive RC differentiator of Figure 26.

15 Figure 28 illustrates active differentiating circuit-using an Operational Amplifier

having a negative feedback circuit.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

20  Fig 7 illustrates the basic function of an embodiment of the UWB generator of
the present invention. A positive pulse.71 (Gaussian-like) is fed into an
émbodiment of the UWB signal generator 72 and is converted into a monocycle
pulse 73. Conversely, a negative pulse 74 is converted into a monocycle 75

which is the inverse of the monocycle pulse 73. The fundamental operation of



The circuit effects frequency selective anplification

and suppression which is 15.different from hi gher

har noni ¢ generation using conponent nonlinearity.
Whersheme, there is no limtation to circuit mpIESELIAD006
at high duty cycles. To synthesise the above function,
the equation is Fourier-transfoygred into the

frequency domain and the transfer function as shown

beI [ (

ﬁg \ﬁle%Qﬁ eg%ne%t%?%\ﬁLrﬁtr%_l?%%dbalﬁpdlﬁgrev\ggw&% ¥ amplification
200 CT, / The fre
cqudt T dshells 4 R tﬁgc. B el B Fa i G RER Iy 2 P &
functi H(fL, as ill rat '
“syn ngpgfé% IS? H@Hogt?fsqnﬁi gﬁfg t%g%@nd amph? ies them to output

d t dorml e transfe

BT T ol RS D5 5 g tme it
Strictly speaking, a circuit of the transfer function
# H( thand ﬁwtth%@%WI%l sed. However, one can use a
first-order high-pass filter to approximate it. Fig 9
shows an illustration of the approxi nated transfer
function. 1o The present enbodi nent of UWB si gnal
genéhefaiowirngs equatiant deseribes $te diffdemntiating funxties of td eircuit in the
with transm ssion zero at DC, ultra-broad transition
bantimerdbmgiassband at frequencies near the transit
frequencies of the transistors used in the circuit,

i.e. the transistors work w thin Hl;(@ r saturation
limt. Having a )=k ==

10 Where,
x(r) is the input signal to the block; and

y(t) is the desired output signal.

The circuit effects frequency selective ampilification and suppression which is
15 different from higher harmonic generation using component nonlinearity.

Therefore, there is no limitation to circuit operation at high duty cycles.

To synthesise the above function, the equation is Fourier-transformed into the

frequency domain and the transfer function as shown below is derived. |
Y(w)= jKi“%e"”dt = iKwX (w)

20 _ H(w)= /—};% = iKw



transm ssion zero at DC and an ultra-broad transition
band enables the UAB 15 signal generator to generate
very short pulses (to the order of subnanosecond)
Wh0g0mer t i ng out any steady-state DC conporrEmiSG2004/000006
the input signal. The filter used is an active one as
anplification is required for tibe overall filter
response to achieve sufficient signal power output. 20

TherHai f%hft%%? dbhldifkq &ét@?\%ﬂdv@‘th@@ﬁ% éu%uh' fn%da {?%néfgﬁfunctlon

overal requency response the active V|ce

chditEhias Dty RagtRet S wﬂﬁemc& thn A8 gput signal Gan be
frequency. As illustrated in Fig 9, 'A is the

- tr afifférehtiatetlamthe fiBe dohmis. THetrandfeniunenieh J)ng)[e Is! gt
the transfer WO 2005/ 067160 PCT/ SG2004/ 000

pacitor of the analog filter whi I e 'C
%bﬁ)E@%P}d@ deterioration of transistor
perforrrance at h| gh frequenci es. The above-nenti oned
5frequency domain function is inplemented with a 5
negative feedback path on- a normal anplifying circuit

as Sfiethhspeaking aiarcuifieé theotramsfer &ingtien |H(f btanrnot be synthesised. |
anplifier 13 passes (at 15) through a low pass filter

16 H@REVdrSoReeah LY 'amrﬁte&dgﬁﬁ@hliastscﬂtepfb 4 imate ¥ Fig 9

the amplifier 13. ovver ‘requency

CO%W%‘En fﬂtxsﬁ'é‘t?or{ &Rﬁé gbﬂﬁxﬂjnat]eﬁ thhs %H f[]h&?cLed before

remal ni ng I'sing t
frequenC|es IS recelved by the i 0 anpllfler 13. Wen
the output signal 15 is negatively 17 fed back to the
ol e bl ock. of

ot e Enb AR S s i el e

di frﬁ.Srr\ %gtsls ?} l’n\glth yrg%mlssmn zero at DC, ultra-broad transition band and
passband at frequencies near the transit frequencies of the transistors used in
the circuit, i.e. the transietors wo.rk within their saturation limit. Having a
transmission zero at DC and an ultré—broad transition band enables the UWB

15  signal generator to generate very short pulses (to the order of subnahosecond)

while shorting out eny steady-state DC component in the input signal.

The filter used is an active one as amplification is required for the overall filter
response to achieve sufficient signal power output.

20
The high pass filter transition band is limited by the overall frequency response
of the active device (or devices) that implements it. Hence, it is essential to
choose an active device with very high transit frequency. As illustrated in Fig 9

‘A’ is the transition _band, ‘B’ shows the intentional tapering of the transfer



As descri bed above, the transistor anplifier 13 has a
band limted transfer 15 function. The circuit bl ock

can only differentiate signals up to a frequency bel ow
WO 2Q0586716lhe transi stors' transit frequenci es.PUSG2ol00006
transistors are chosen having suitable output signal
power, anplification and operajj on frequency. Fig 10

can al so be represented in frequency dependent

LRSS o LD 1 5y
TR W Pl oL L5 1

wf w wf 5 Under the conditions AOQ) r>-

The aboye-mentioned frequency domain function is implemented with a |
5 negative feedback path on a normal amplifying circuit as shown in Fig 10. The
output-éignal 14 of an amplifier 13 passes (at 15) through a low pass filter 16
vand is negatively fed back 17 to the input 11 of the ampilifier 13. in this way, the
lower frequency component of the input signal 11- is eliminated before the
remaining signal 12 comprising the higher frequericies is receivéd by the
10  amplifier 13. When the output signal 15 is negatively 17 fed back to the input 11

the transfer function of the whole block of components is effectively altered,

forming the diﬁerentiéting function.

As described above, the transistor amplifier 13 has a band limited transfer
15 . function. The circuit block can only differentiate signals up to a frequency below
that of thé transistors’ transit frequencies. Suitable transistors are chosen

having suitable output signal power, amplification and operation frequency.

Fig 10 can also be represented in frequency dependent function blocks as

20 shown in Fig 11, where

Als)= Aos
1+—
wl
B
F(s)=—20
1+
w



|-<-< S -<-< A0,80 w W -wf the transfer function of
the feedback | oop of Fig 11 can be approxi mated as
Hs) = Q1 s --- (1) wf 10 The circuit shown in Fig
W@ 2005067460si mi | ar to the differentiating circudr/Se0®00006
the op anp of Fig 28 described in the Background
section above. However, it shouhd be noted that the
core conponent of the present invention is not an op
anp, but rather, in a prefei,r )ed enE iment is a BJT
transistor. This di fferHa(n):e y mar ked
consi dering that the op amp X&) ah+df circuit
conmponent 15 that operates in MHz region. The present
i nvention, on the contrary, gen rat@s subnanosecond
pul ses of a power sufficient fdsl t*rra‘ F transmtter
and operates by g(ftally diff nt/ Set of

par aneters. Furtherm)re the ne |qnt tion of
the present invention |&4df ZL % £ at of
the op anp differentiating C|r Uit ¥7Vn t
differentiator, the WO 2005/067160 PCT/ SGZOO4/ 000006
22 input si gnal voltage is converted into its own

sdi fidmdaerdbé aonditions rent signal. As the input, current
into the op anp negative terminal is negligible, and
the current signal passesqtgireugh the resistor R,
~which converts the current si gsnal into an out put

vol tage signal of opposita-polaridy g Therefore, the
differentiating op anp 5 has ®p operat| ng principle
which is different fromtr@’t Q’ﬁ the present invention,

the transfer function of the feedback loop of Fig 11 can be approximated as

1
His)= s - (1
(s) Lﬂowf) (1)

10 The circuit showﬁ in Fig 10 looks similar to the differentiating circuit using the op
amp of Fig 28 described in the Background section above. However, it should
.be noted that the core cdrnponent of the present invention is not an op amp, but
rather, in a preferred embodiment is a BJT transistor. This difference is
especially marked considering that the op amp is an analog circuit component
15 that operates in MHz region. The present invention, on the contrary, generates

subnanosecond puises of a power sufficient for the RF transmitter and operates

by a totally different set of parameters.

Furthermore, the component orientation of the present invention is different

20  from that of the op amp differentiating circuit. In the op amp . differentiator, the



"

being nore simlar instead to a passive RC
differentiation network. Additionally, the op anp
differentiation circuit is used to differentiate slow
Wh0yB67860gnal s, and it is not nmeant for use ascmsczommooooﬁ
subnanosecond pulse formng io0o network. A

current-vol tage (series-series);feedback topol ogy as
shown in Fig 12 shows an exanple of a realisation of

t h%&lt%ﬁ?ﬁaﬂ&@@ﬂﬁﬁ% ‘E)Bngérgedlﬂ'rto REBWA ﬁ?genr at\éjg_i= ”?'\7\‘} signal. As the

So0uSe SRR it e Sl o bR e tfﬁ}{é'gbét’f‘?%%(a(@)%@ﬁb‘"em
( 3)% LQ%%&' tht ‘*S?ft" %2?&%% g‘t"lﬂ‘in‘i‘g J?E‘%It\égséwem Slgnal into an

he c
outtpul}rvoltage sngna ofI oppos o}arffy.sl'herefore, the differentiating op amp
5 has an operating principle which is different from that of the present invention,

being more similar instead to a passive RC differentiation network.

| Additionally, the op amp differentiation circuit is used to differentiate slow

analog signals, and it is not meant for use as a subnanosecond pulse forming

10 network.

A current-voltage (series-series) feedback topology as shown in Fig 12 shows

an example of a realisation of the block diagram of Fig 11, where

Gls)= =L o (2)
- E 1+—
wt
15 Re)=2e=F (3
IX l+i
Ys

It can be shown that




"

RO - -1 1 -<-< S -<-< RO W w "~ WTf the
frequency domai n transfer function of the
current-voltage (series-series) feedback topol ogy of -

VP 200806746 be approxi mated as 10 H(s) RL |'s -PCT/$G004/000006

WRo Equation (5) is equival ent expression of
equation (1). O her feedback tapol ogies, for exanple,
vol t age-vol tage, voltage-current and 15
current-current can be designed using simlar blocks
and the sane concept. A circuit of the above feedback

t O[ZubeaNItiA Cngz)b@hd l S TRRNBISEK irang%%%ggﬁg@e&%esﬁ rcui t

(10 . WD 2005/067160 PCT/ S&2004

enbodi nent of a circuit inplenenti

g th
~current-vol tage (series-series)_f qq_d@%g t opol ogy of

5

10

15

Fig 12 is shown in kFig 13. The | aYjoutwof &ig 13 is a
conmon-eni tter %ﬂ?:ﬁ%'ra i i P i

transi stor 131 whi ch™inplepnts| dn_ ahp J’Efzi erl and an
em tter feedback network whi’ch pavi des|the B,ndgative
f eedback 132. The feedback network corprises ‘a’fir st
order low pass filter 133. The dashed boxes hi ghli ght
the functional blocks and the conponents within the
bl efiger Ho¥bddigorfnner in which the feedback is

subtracted. In the figure, the I ow pass filter 133
corresponds to the | ow pa%;so,Ro oy

s _
1 <<— << G,R,
Wr

W, ~w,

the frequency domain transfer function of the current-voltage (series-series)

feedback topology of Fig 12 can be approximated as

.H(S)z—( R; }s (5)‘

AWrfo
Equation (5) is equivalent expression of equation (1).

Other feedback topologies, for example, voltage-voltage, voltage-current and

current-current can be designed using similar biocks and the same concept.

A circuit of the above feedback topology can be implemented in an Integrated

Circuit (IC).



filter 16 of Fig 10. Simlarly, the BJT configuration

131 corresponds to the io anplifier 13 in Fig 10 and

t he negative feedback 132 corresponds to the negative

W@2WHAeN6U oop 17 in Fig 10. Fig 14 shows a hymrmi/si2064/000006
smal | signal circuit equivalent to the above-nentioned

bi pol ar junction transistor 13k The feedback network
is connected at the i5 emtter side. Rout is a

pa}éﬁ%hﬂodﬁﬁé\'ﬁ‘%ﬁ%‘ &F&uﬂflmy@néﬂl etﬁé%rréﬁtsv&f e(series-series)
an

out put i npedance. Vi he i nput vol tage p

£ 288badioblitol LRPE 14 N etBun M0 A0 T el Br Fig 13 o
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funC|on of the rcuit at [ rat.i
T(l\r,@ptlem%tgran(%mylcﬁer aryéirﬁrhg diq tvtg ?( “?mcﬁ preyides the
Rf + (ﬁ@ n_WD 2005/ 067160 PCT/ SG2004/ 000006 25
| nRe ereéﬁe chg138 T JeedhacknaRvorkcomprinesa firsharder low pass
emtter side, a current mrror configuration is used,
sofiltes 138, Jhedashed haxestighiigbtithelfynatignebhlociss apdtheind
to provide |arge inpedance at AC/RF conditions. 5
G eempargNisvitRin the-bipesf stiow thifraannersin whikthwhe feedback is
gnmRoulRFCf = -jwK 1+gnRf +R

subtracted in the figure, the low pass filter 133 corresponds to the low pass
- filter 16 of Fig 10. Similarly, the BJT configuration 131 corresponds to the

amplifier 13 in Fig 10 and the negative feedback 132 corresponds to the

negative feedback loop 17 in Fig 10.

Fig 14 shows a hybrid-r small signal circuit equivalent to the above-mentioned
bipolar junction transistor 131. The feedback network is connected at the
emitter side. Rou't is a parallel connectidn of the collector resistor and- output
impedance. Vi, is the input voltage pulse signal to the transistor Ry. Ve and g

are transistor parameters that are bias dependent.

Solving Kirchoff's current and voltage laws at certain nodes and loops, one can

obtain the following transfer function of the circuit at small signal operation:

rin)=Lenl) Bl 1+ wR,C,)

Vulw)

R,
l+g,.R, +R + jwR,C,

L



n a differentiating transfer function can be derived.
i 0o The above discussed circuit has been sinulated in
Cadence using | BM Bi CMOS6HP process conponents. Fig

WO2085{007460t he schematics of a circuit for thePCT/SG2004/000006

enmbodinment. In this figure, T, is the anplifying
transi stor that provides the s2gnal gain and
delineates the input 15 'and output of the circuit. T2

Pr MsketRSorusHRS 86 vaﬁaemaaégiaa)r%ymee&hn@? did laat{ugl%nhrepirror

feedback resistanCe at AC operation. T3 conpletes 1

CUES & Yurdidi i€useqnéd Q%F@b{?@me\"é EBnstant énﬁ?’i_pﬂfcf'-?’%”% a?ﬁ)g and to

constant voltage for lasing curre

fe QR ﬁ"q‘ékl )aci t ' [ T2, if biased
prgper y,aFg%g'e adgécéé}AgﬁzErcg{]l&@Hn%egi on, and provides
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a large Rf value for the feedback resistor 140 of 20
Fig 14. C2 is a DC decoupling capacitor. The i nput
pulse goes into the base of WD 2005/ 067160
PCP§®004/ 000006 26 transistor T1. The out put
nmonopul se results fromthe collector voltage sw ng of
transistor Ti. Thislte cRycuit#v%ls simul ated for a
range of capacitor ‘Cémultigs To/"MYustrate the '
frequency and tine A@i n résponse of the enbodi nent.
Figures 16a-f showW ¥T tre domai n response of the
simulations. s Figure 16a ghows an input pul se signal
of 0.1 V peak, biased at 2| 2V %BCE s fed into the
circuit of Figure ﬂw?]gi_g L1/ showg, khe tine
domai n response of the Ci fuitRfoera range of

di fferent capacitor val ues e oﬁt@ nonopul se
shape and tine duration can be vari€d with different
val ues of capacitance. It '

a differentiating transfer function can be derived.

The above discussed circuit has been simulated in Cadence using I1BM

BiCMOS6HP process components.

Fig 15 shows the schematics of a circuit for the embodiment. In this figure, T4 is
the amplifying transistor that provides the signal gain and delineates the input
and output of the circuit. T2 provides a constant DC biasing current and a large
feedback resistance at AC operation. Tz completes the current mirror
configuration with T2. Roias Sets a constant voltage for the biasing current. C; is
the feedback capacitor 141 of Fig 14. T, if biased properly, operates at
saturation region, and provides a large Rf value for the feedback resistor 140 of

Fig 14. C; is a DC decoupling capécitor. The input pulse goes into the base of



o can be seen that a very high duty, synmetri cal

profile nmonopul se with mninmal ringing can be

produced. The capacitance values are 0.1 pF, 0.2 pF,

Y POpPe7I®0 pF  and 2 pF corresponding to fi gurrEI/stB0da/000006
c, d, e, and f. Figures 17a-f show the frequency

domai n response of the test cireuit. Fig 17a 15 shows

t he i nput sweep sinusoidal voltage value at 0.1V for

fr qAHEREras. fﬁ@%u ut RoroPulse restits Fb%@%oﬁgaoﬁ voﬁté@w%wmg of

the frequency donal n response of the test circuit

a g@gggt&f 1.cgng%§tgﬁrcgﬁg¢é§§.m§m%& ?C@hgg%? cxaéa&ﬁ C; values to
COH'L@@%%& U%nf?’)é?Hé%r EsUT f’gmc'grs Egg%eo%gtﬂ% rﬂb(ﬁm%ﬁp Figures

I d di d
g A R T T e

passband of the high pass filter, differentiating only

Sa certain range of input signal frequenci es whi | e

anpllfylng the other frequencies, Henc
cafagiredfashavspringubbulse signal ok @@a% p@ssd iah 2.2 which was

the differentiator circuit over a large range of

f r dgdiénteiths cirquit of Kgureckh biglres d 6pHfshaiwsde imerdomain response

referring to Fig WO 2005/ 067160 PCT/ SG2004/ 000006 27

9 o thdeirewinior arasge bediflerant cppaditoroalfese fhe wotpud mbnopulse

out put signal anplification of the UAB signal

gershapeand fihe daratiopsias bvdarkdwitiadiffenent viahwssadfeapacitance. It
show that the circuit illustrated in Fig 13 is capable

100f clinf Bees@an thait an@rghighrdudd yRthétripEl prafilabnopulse with minimal
subJ ected to the known frequency performance of the 5

' 84n b8 bradlibedN®hé caBad f
48'“@{?1 An é)rl;bodlenent ofgs? hghglbﬂé‘eurégnatr?g)t% Og Pﬁgétﬁ pF, 1pF

Dechite2 pEseanehaRgsliaaas Mo, queIahd el 0 D Tho
C s been shown
Figures 17a-f show the frequency domain response of the test circuit. Fig 17a
15 shows the input sweep sinusoidal voltage value at 0.1 V for frequencies from 0
- Hz to 12 GHz. Figures 17b-f éhows the frequency domain response of the test
circuit for a’range of capacitor values. The capacitance values are 0.1pF, 0.2.
pF, 0.6 pF, 1pF and 2 pF corresponding to figures 17 b, ¢, d, e, and f. As can
be seen, the simulated results correspond with the results from the
20 -mathematical derivation discussed above: increasing the capacitance shrinks
the passband of the high pass ﬁltér, differentiating only a certain range of input
signal frequencies while amplifying the other frequencies. Hence, low
capacitance is preferable as it ensures operation of the differentiator circuit over

a large range of frequencies. This corresponds to the discussion referring to Fig



that a 100-pi cosecond pul se output is feasible. 10 Fig
19a-e shows a few exanples of the use of the circuit

of Fig 18. The circuit of Fig 18 can be substituted

WO RSHETINB si gnal generator block in figure POEscE004®0006
can be seen in the figures, generation of
information-transmtting UWB signals is a matter of
cascadi ng the proposed circuit with other conponents

and j IS ' q k.signal. Fig

Toa® T e Pomphamisp Bt BBkraticRhuftrtily Bl rign

by b G t enbodi t., Fig 19h illustrates,

¢ heTaPHicHtch g DRvaRERRELER ety s GRaeipnd simultons
cirguit. of the enbodinent. Fig 19c_illustrates the o
G FErRRY OB R e ytraled BEF @ icanebieas ditferentiating a
pul ses), haying positive and negative anplitudes by a

cir s'iﬂa)f’be‘ﬁg f'}Pg’t Signgb gHRieRted teithe kogwn fregyeney perferireance of the
differentiation of a series of Gaussian or

Gaulanslor i1RE apditae §mesanstpriiof RéeedCT4331 N40.dts1.by a
circuit of the enbodinent. Fig 19e illustrates the
differentiation of a nonocycle and a reverse nonocycl e

by a circuit of the enbodi ment. The above

i || Astershodiment of thedliflrantatimgecioit oNB20NE eRjhhBGenerator as
PCT/ SG2004/ 000006 28 exhaustive and have further

var slowoirsFigs! 8noad Bedrefdbhiemedtif aoBIEMBS IEesnd f Had®een shown
art upon reading this disclosure to produce other UAB

si gtiait af 10IPicoseddhdHUistSostbais\Fasdiges | mpul se form ng

i npl ementati on schenes (Inpulse 5 Fornmers) that

1generate UMB signals using the present enbodi nent of

UAB signal generator. A clock signal and a data

\?\,iiq IPRY 164-8 sHBGA Ffew Mﬁgﬁ 8f Huse m%%@ﬁgﬁﬂ‘g{g’ 18, Jhe circuit of

i ch’ outputs signalst transmssi o
UV\BFig 18 can be substituted for the UWB signal generator block in figure 19a-e. As

can be seen in the figures, generation of information-transmitting UWB signals

is a matter of cascading the proposed circuit with other components and feeding

15 in the right kind of clock signal.

Fig 19a illustrates the differentiation of a clock signal by- a circuit of the
embodiment. Fig 19b illustrates the differentiation of a saw-tooth signal by a
circuit of the embodiment. Fig 19¢ illustrates the differentiation of Gaussian.(or
20  Gaussian-like pulses) having positive and negative amplitudes by a circuit of the
embodiment. Fig 19d illustrates the differentiation of a series of Gaussian or
Gaussian-like pulses having different amplitudes by a circuit of the embodiment.
Fig 19e illustrates the differentiation of a monbcycle and a reverse rﬁonocycle

by a circuit of the embodiment. The above illustrations in Fig 19a-e are non-



signal generator directly affects the efficiency of

the Inmpul se Fornmer. It should be noted that anplitude
nodul ati on of the nonocycle is a formof anplitude io
WRIWH8¢74¢0codi ng; pul se position nodul ati on of PaIG2004/000006
nonocycle is a formof orthogonal waveform coding;

bi phase modul ation of the nonocgcle is a form of

anti podal waveform coding; while 4-ary signalling

Mo dephals e Sid RBORY PGS vhﬁatﬁans%s'%@g R {qo{)}i,é;%knllend in the

ort hogonal and anti podal waveform coding, resu

) ol B i BRPRSL T O onel VTR i

pul ses for transmission by generating an anplitude
nodul at ed nonocycle train. A differential clock

Si A is.fed. into UWB signal geperator 201

ot " 20573 8Bew VEripERimante fmiio indlpRies ek s
resul tant, oufput' B i trajn of 20 Gaussian pul ses

{ crotes ) Pokbenatedd e snglaisma hesprasenicaisbedmensof UWE
gradients of the clock signal 205. Signal B is then

f edS'9PRI GeRemter Ay derk sipnalang a deta signajare ugedasdnputs to the
beconme sol el y-positive signal 'C 207, thus

t r afRAUst egnerhwhisbrutputs signaistesa transmissiint antennackhe UWB
207. Signal 'C 207 is then nodulated with data signal

' D sigod generatondicactly /affiects the&tficiemay dfttee tmpulseafdrmer. It should
anpl i tude nodul ated WD 200/ 067160 PCT/ SG2004/ 000006

29 bmnefedrthat &nplt08e modquiatitnceithe Fithoytieus a'f6rm P Arripfitude
fed into another differentiating UAB signal generator

1@04watefohm codingrpuise positidn aodui@idr sftfe rMBBYyRlead 2 W¥kn of
nonocycle train 'F 2010 is produced for transm ssion. :

"5 Foghcljonal wistesm %Bdﬁ‘??‘!iﬁih%séfmcﬂﬁﬂﬁr&t dftHe IndHAY)BRSs a form of
nmonocycl e train 2110. y

antipodal waveform coding; while 4-ary signalling modulation of monocycie is a
simple combination of orthogonal and antipodal waveform coding, resulting in
optimal usage of channel bandwidth. |

15

, Fig 20 illustrates how a data signal may be converted to UWB pulses for

transmission by generating an amplitude modulated monocycle train. A
differential clock signal ‘A’ 205 is fed into a UWB signal generator 201 of the
present embodiment to be differentiated. The resuitant output ‘B' is a train of

20  Gaussian pulses with positive and negative amplitudes 206 due to the gradients
of the clock signal 205. Signal B is then fed into a differential mixer 202 to be
squared to become solely-positive signal ‘C’ 207, thus transforming the negative

pulses into positive ones 207. Signal ‘C’ 207 is then modulated with data signal

‘D’ 208 at modulator/mixer 203, and the resuitant amplitude modulated



differential clock signal "A" 215 is fed into a UAB

si gnal- generator of the present enbodi nent 211. The
output 'B" 216 is then fed into a differential m xer

WO 2003/86718§e squared to becone signal 'C 217. POT/SG2004/000006
is then nodul ated with data signal 'D 218 at a

nodul ator 213, and the resultany waveform'E 219 is
produced. 10 (Note that 'D 218 has positive and
negak/biPmagp | ' 28 j i |

20). 'E Zlgt?%@‘ggdiu%%ﬂo Tgfra?ot tggﬁa%é%ilssﬁgllﬁgean@} a ror

of d;ffé?etﬁra%ﬁ @Wfﬁﬁﬂ%iﬁghagééé%f tl‘%%ggéirl{ee%r?fjg %ﬁ\ amplitude

diftferentialion a nonocyc

21 ' he I f Fig 22, the .
genfat8d S BTHlonoddl rbier P Brdduts g famgdision.

train 226 is illustrated. A clock signal 'A 223 and

data signal-'B 224 are fed into a pul se position

nogprg{or 221. The output, pul se-position- nodul ated

pul &€ PEovidassan pxample ¢fgepesat Birgase mpnesyele drain2110. A
the present enbodi nent 222 to generate 'D, UWB

moRHteeMiA clogk signad 'Ared18de éedbintga| W& Boxignal generator of the present
position-nodulation is well known in the art and

r e@Rosiment 21 uriheeeutpit Bs216 isrthenifed irfie aaiffenghtialahixer 212 to
Fi%@23, the generation of a 4-ary signalling nodul at ed
nowecacaed toahecardd sigsal (O B$T r'&t 247 isdhenknsdulaied with data signal
234 and data signal 'B" 235 are fed into a pul se

-posDt2@natreochaldadaior 263, .ankduithe eesuliaint wanefddd vk a2 fis produced.
pul ses 'C WD 2005/ 067160 PCT/ SG2004/ 000006 30 23P6

10ar ¢Nbfesthat@i 218tres pusitvedarieraiive Andlsidiia infke2SgnAtD’ 208 of
anot her nodul ator 232 to output a biphase, tine _

delriy 20). ! 21 ik fad fhto & VB sid i
theFagU\/\B) g?gnall gﬁ]gtgtﬁé‘?&%fg%\lxg Séd#rgaslteg%tﬁglgﬁnﬁéltﬁéeﬁtr&f%

t O cHEIRAMEARL H1410f andWerTBRRE ¥EbieAntBlGN ahd a%ighase UWB

monocycle train 2110 is produced.

15 In the example of Fig 22, the generation of a bulse position modulated
mopocycle train 226 is illustrated. A clock signal ‘A’ 223 and data signal 'B’ 224
are fed into a pulse position modulator 221. The output, pulse-position- |
modulated pulses ‘C’' 225, is fed into a UWB signal generator of the present
embodiment 222 to generate ‘D', UWB monocycles 226. The methods of pulse-

20  position-modulation is well known in the art and requires not further exposition.

Inthe example of Fig 23, the 'generation of a 4-ary signalling modulated
monocycle train 239 is illustrated. Clock signal ‘A’ 234 and data signal ‘B’ 235

are fed into a pulse position modulator 231. Pulse position modulated pulses ‘C’



5 Further to the exanples given, the input signal into

the UWB generator of this enbodi nent may be a cl ock
ignal, a square wave signal, a sawtooth signal, a

“&J’FOQ%OG%POGaus& an-1i ke or Gaussian pul se, a PCT/SG2004/000006

nonocycl i cal pulse, a polycyclical, a sinusoidal

signal and so on. 10 Vector repsloesent ations of the

above-nmentioned signal constellations are shown in

fi %G%eaﬂé‘n FhdRrRes Witned yeco'ﬂd%ﬁt@ séfhal 90237‘3&%1‘)@%rtrﬁ0dulator
a puI se an‘p itude nodul ation (PAM ‘schene for

ort ogona B%rf:gjgﬁfgﬁggé otﬁneg '?‘Z Sﬁ Eé_gﬁ F@@n‘}f’g g’%{,‘%d into a

ﬁgg‘h?w g#g‘ %ﬁ%ﬁtgeﬁ %Q"gﬁﬁggggﬁﬁ%&?ﬁ% generate 4-ary -
Ph Si SK dul at

eniheS WeRedRRLSoGIE 2985L COnmin ot fon i gnal

nmodul ati on schenes representing the binary 'I's and

S0's in ternms of different pulse shapes provided by
the_present invention so that the receiver is able

di sEWTHRALite e gxamples given, the wpyhsignalintodheUWB g,qngﬁatgoof this
signals. In the above exanples, a clock signal is

di f embediment swpybr 8 olickisignas, apmIargayavegignal of sawdooth signal, a
present enbodi nent to obtain a pulse. The pulse is a

" Gapulsé aan Gauksiandijse loe Gaugsian\puiss, aoxaoodyelital pulse, a polycyclical,
Gaussi an pulse. On 25 differentiating a second tine, a
nonaGjraiseidiat sighaleantesb ol t er nati ve enbodi nents WO

2005/ 067160 PCT/ S&2004/ 000006 31 of the invention may

e a succession of two consecutively arranged UVB

V_éctor represenfations of the above-mentioned s.ignal consteliations are shown
in figures 24a-d respectively. Figure 24a corresponds to a pulse amplitude
modulation (PAM) scheme for wireless communication. Figure 24c corresponds
to an orthogonal signalling moduiation scheme. Figure 24b corresponds fo

15 BiPhase Signal Keying (BPSK) modulation schemé. Figure 24d corresponds to
a _Quadrature Phase Signal Keying (QPSK) modulation scheme. These are
wireless communication signal modulation schemes representing the binary *1's
and ‘0's in terms of different pulse shapes provided by the present invention so

that the receiver is able to distinguish the ‘1's and ‘0's when it receives such

20  signals.

In the above examples, a clock signal is differentiated once with the UWB
generator of the present embodiment to obtain a pulse. The pulse is a
"Gaussian like" spike and may not exactly be a Gaussian pulse. On

25  differentiating a second time, a monocycle is obtained. Alternative embodiments _



generators for differentiating a clock signal tw ce
before nodul ation with data signal. Alternatively, a
circuit inplenmenting a second order differentiation

WQMesPgm60may be used i nstead. However, differrmiSGo64n00006
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25

the clock signal twice 5 before nodul ati ng the UAB
signal output with data is norg difficult, as the
resul tant nonocycle has very a high frequency spectral

CoBf @RLinvéHidn! rﬁ%)tr BUS s&%éjséiﬁn o ﬁﬁ&&é%cug\z’élg Iég{ai'ﬁgég uwB

In an Integrated circult, there are trac

' j ' : , d. many .
b1 BEferaldit tor direieRifithg » ok Y fuls Bfora CadRth witn data
rheebet ARErA Pk i PhelaBRIRE p SRapRg Erisraltereftaton
TR a5 U nsteath Liobtryes, digaTEnURINc NG Sl ToRdwice

of the lines. As a UMB nonocycle has is broadband,
haBetarg mesiatingdha W&ﬁlsm%@s@ewth datads narg difficult, as the
easily |l eaked to other lines in an | C causing

i nfesultankmenoeyrle has wery mbighdrafiuepayispecral costent,tand is thus
| oose power and suffer distortion. In addition,

di ehsihedisiostedng the cl ock signal tw ce before

nodul ating the UWB signal output with data results in

a nmonocycl e having very a high frequency spectral '
content increasing | eakage to the other tracks.

Th&uethermorel, in ars integratscaditcit! thels AFLEScKENEIrTd the power line,
nmonocycles 20 only at the |ast stage of the circuit

wheksuridithes igetilad ﬂ)léné,%dﬂnbﬁ?‘o'tbértilﬂpéﬂaﬁt”éi@w Finef ﬂ{ﬂt should not
transm ssion. Therefore, preferably the clock signa

| S pdiihfefferst With 8¢ tﬁ?f‘?ﬁ‘f‘@}’%‘?a nt%fég% E{H?@ TH?E}%&%& bPleGkage of

subj ecting the reées 0 er s

di ff gnankigakl éb’hergéd\fpoagq)lﬁé 08 Zh6ePlird %%Qr%g & &%Osﬁgnal power

and frequency, as well as the dimensions and positions of the lines. As a UWB
monocycle has is broadband, has high power and high frequency, it is very |
easily leaked to other lines in an IC causing interference to those lines and
causing itself to loose power and suffer distortion. in addition, differentiating the
clock signal twice before modulating the UWB signal output with data results in
a monocycle haVing very a high frequency spectral content increasing leakage
to the other tracks. Therefore, it is preferable to produce powerful monocycles

only at the last stage of the circuit where the signal is fed directly to an antenna

for transmission.

Therefore, preferably the clock signal is differentiated once and modulated with

data before subjecting the resultant signal to another step of differentiation.



32 Furthernore, the second stage differentiator

provi des an added advantage of producing a very |arge.
out put signal (IC process dependent) and hence

WA Y584 7HY nonocycl es at hi gher power conpar ed®AI;G2004/000006
passive differentiators. The |large power required to .
feed the signal to an antenna i3 thus produced w t hout

5 the need for a additional anplifier. Fig 25 shows a

Ve puditofe, 1RE1SBEGHY Sfa Riffllefifitoroiie 4 gaéeodaa\fantage of

is transmtted, recerv

2T RE iy REOE GO P AR %ﬁ?ﬁ”%ﬁﬁﬁﬁﬁweme

: heS%bHé'ﬁa?ﬁm@ﬁ@?gf@eéaowﬁ PSR it entaors. he
sigpal s accordlng o,the nethog? as described. The _
Si g@éﬂ’esp%‘?’%r AL ‘?&Oaf?seﬂltf‘f’édﬂ"la % ananng '%ml@m{aguc%w'thom

the signals may undergo fadlng and distortion, and
accthsuieeddonaiadditional WQPF ¥nsm ssi on 254, the signal

is fed into a Low Noise Anplifier (LNA) 255 and a
cross-correl ation detector 256 15 (Correl ati on net hods
are well known in the art, for exanple, matched

fi | Figradhghowspavenasimplereapcesantatidnt @r how =t/YYB sifinal/ data is
cross correlation detector 256 takes in 2 signals -

t hetrapsraitted drexietyed| and(dotectep) idloadsighal@ighis uéd 25 generate the
and a tenplate signal y(t) fromthe tenplate

geneditdbis inpulsesTor ncdatiiged £th @82l THé tlock SigHa ﬁhéttl‘?é’data signal
based on the chip sequence by which the transmtted

161 9B/ baaTed #lo @ﬂnﬁfp@I@Forafer% §Cfﬂ§%ﬂ1én‘ibsc%r%v?fpm2ﬁ? 20-23),

The chip sequence is usually commnicated between

Spegbhérating @WB‘ riilis Q%rﬂiﬁ & Y ml gﬂ'lcgdus%énaéﬁqgfgéggftﬂ% uws

bef dbre the real atalstra smtte

Knowandr"fe dhdr trafsthitRd toPEEAIRY Gntennas. As the signals may undergo

fading and distortion, and accumulate noise during transmission 254, the signal
is fed into a Low Noise Amplifier (LNA) 255 and a cross-correlation detéctor 256

15 | (Correlation methods are well known in the art, for example, matched filtering,
partiaily matched filtering etc). The cross correlation detector 256 takes in 2
signals — the received signal x(t) amplified through LNA 255, and a template
signal y(t) from the template generator 257. The template signal y(t) is
generated based on the chip sequence by which the transmitted signal was

20 generated, as disclosed in Fig 20-23. The chip sequence is usually
communicated between the specific transmitter and réceiver in a prior period
before the real data is transhitted, during the period known generally as the

‘preamble’.



WO 2005/ 067160 PCT/ S&004/ 000006 33 Were portions of
the received UMB signals and the correlation tenplate
synchroni se and the cross-correl ation detector gives a
WR005/6Ti@ut put  show ng the signal correl ati ®CI/SG2604/000006
envel ope detector. will sanple the correlator output

at suitable intervals for the data and deci de at which
points in graphs 5 24a-24d the received signal bel ongs

. an%ﬁ&%&ﬁ&“oﬁ&@%@%@é é’d UGB RJrarCasd | °°é%%€%” template

Hence cross-correlator output to t
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rror due.to.an |ff ence n.the. tran
dncouite Pio EPelftibtas egva&&sﬁact%wmsmpi%% Erelator
258, ,naqt sh . etect, the erro
2 SO 2 % S A B S 19 i grap
enmbodi ments and t he exanples given so far of the 15
5| C 44qpRéddhe regsived signal oglongs iang tberre@msubsweemlageconstructs the
circuit, the transfer function producing a nonopul se
andiatde schematics of different arrangenents and the
i nput signal to produce UWB data pul ses are not
exhaustive. A nman skilled in the art on reading this

dirscl osure will be taught the wi de possibility of

al tldemcH, ithveecrossoometaterplitpat terthe EmvelopsDeatestor ahe Decision
this disclosure, and the many other 20 possible

s c hmogsie &88Ng tihd1datdiBeantao dle reeaiweaivizy theQU\WEDEAMSMIssion. If there
different varieties of UAB pulses (e.g. other than
14 USik aRstsHdtect®)anyldifdrent¥ BEtweth the transmitted data and the received

data, a decoding module (after 258, not shown) is able to detect the errors to a

certain extent.

it should be noted that the embodimenfs and the examples given so far of the -

15 |C implement-able UWB generating circuit, the test circuit, the transfer function
producing-a monopulse and the schematics of different arrangements and the
input signal to produce UWB data pulses are not exhaustive. A man skilled in
the art on reading this disclosure will be taught the wide possibility of alternative
circuit equivalent to those described in this disclosure, and the many other

20 possible schemes using the UWB 'signal generator to produce different varieties

of UWB pulses (e.g. other than just monocycles).
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CLAIMS 1. A nmethod for generating a UAB si gnal
conprising the step of differentiating a clock si gnalLLOYDWlSE
once to obtain the UWB signal, wherein the step of
differentiating 5 the clock signal conprises feeding
the clock signal to an input of3{51n amplifier and
negatively feedi ng back an output of the anplifier,

thepagiisa | ow pass filter, to the anplifier input.
AWFTTU% according-to claim1 further conprising the

step of differentiating .10 the UAB signal at | east
once to generate a nonocyclical or a polycyclical UAB
siﬁ_gglr.Eia . dAf nmet hodtaccordi ng to claim11 further
compf t'REgSReating andWB aigray cemp#ia tﬁ'b%rﬂ%! ith
thq?@U\/\E signal to obtain a nodul at edpﬂ\/\%@si gna .O%'hg.rent'at'"g
A PR &ignat onde tayobire tid AR i Si.n

g obtaire ey ngﬁﬂ-%%&%{hg ﬁﬁgptf B{%erentiating

step of differentiating the nodul ate

| dbe clochraignal ¢opfitRea s lj.cal .or a
pol ycyclical UWB signal ?ﬁggq@g%ﬁ% éﬁ%’f‘ﬂéﬁ aprinRytaframamplifier

Waeteiay i t ' ' )l 1 tude-
roaut st ot oSk ARt B tesariRlis irouah a tow pass fter

sl ik gnal is pul se-position- nodul at ed.
A M BRRININBUEEY AU oD W se 35

2.

2.A method according-to claim 1 further comprising the step of differentiating

the UWB signal at least once to generate a monocyclical or a polycyclical UWB

- signal.

3. A method according to claim 1 further comprising the step of modulating a |

data signal with. the UWB signal to obtain a modﬁlated UWB signal

4. A method accor_di_ng to claim 3 fuﬁher comprising the step of differentiating
the modulated _UWB'signal at least once to generate a monocyclical or a

polycyclical UWB signal.

5. The method of claim 3 wherein the modulated UWB signal is amplitude-

modulated.

6. The method of claim 3 wherein the modulated UWB signal is pulse-position-

modulated.

A_ménded Sheet
IPEA/AU
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7. A nethod for generating a UMB signal in a system

conprising: an anplifier having an input and an LLOYDWISE

out put; negative feedback nmeans; 5 a | ow pass
filtering nmeans; and a DC decoupling neans - wherein
the nmet hod conprises: providing;@an output of the
systemto the |owpass filtering neans to produce a
| ow- pass filtered output; 10 feeding back, by the
negati ve feedback neans, the anplifier |ow pass

fi - he i f th lifier;
_a%.ltsihﬁééhgﬁg@r&gri?g@@n@p:% t 'gﬁgltiﬂ; sgﬁrlmezlogbrising:

conponents fromthe anplifier output; wherein the

out put 3t amP@ﬁ%Vé@‘éﬁg ia§ 1aputaanyd afioathudi f f erenti al of
an input signal to 15 the systeny and whereby a UWB
pul se iRegatiyadeedbdckr meaassmi ssion. 8. A nethod
according to claim7, wherein the anplifier means
conpr i sebvapass filethd meassshed. 20 9. A nethod as
claimed in clainms-7 or 8 wherein the input signal is a

clock  ®DEO@coUMNREHEEaRNeet | PEA/ AU LLOYD W SE

wherein the method comprises:

providi.ng an output of the system to the low-pass filtering méans to

produce a low-pass filtered output;
feeding back, by the negative feedback meahs, the amplifier Iow—péss
filtered output to the inpUt of the amplifier;

applying the DC decoupling means to remove DC components from the

amplifier output; wherein

the output of the system is an amplified differential of an input signal to

the system; and

whereby a UWB pulse is produced for transmission.

8. A method according to claim 7, wherein thé amplifier means comprises a

biased transistor.

9. A method as claimed in claims 7 or 8 wherein the input signal is a clock

signal.

Amended Sheet
TPEA/AU



36 10. A nethod as clainmed in clains 7 or 8 wherein

the input signal is a saw tooth signal. 11. A nethod _

as claimed in clainms 7 or 8 wherein the input signal LLOYDWISE
is a pulse 5 signal. 12. A nmethod as clained:in

clains 7 or 8 wherein the systenyis inplemented in an
Integrated Circuit. 10 13. A nethod as clained in

cl a0 Methodlds Waahel | onpri ses _ .
current-vol tage t opoP%%Eﬁ%%@%ﬁﬁ%" dRe npuit signal is a saw tooth
cl @igial.7 to 12 wherein the system conprises

vol t age-vol t age topol ogy. 15 15. A nethod as cl ai ned

inclains 7 to 12 wherein the system conpri ses
vol tage-current topology. 16. A nethod as clained in

cl al 7 to 12 wherein the system conprises 20 '
cu??gtm%‘bPPé&&gw byglaimsy 7 oh8syiserein GRMAPLESRAAl 2 pulse
ve

amplifjer having an input and an output; negati
S £ esigal

10

15

20

YP3ck means; a | owpass filtering neans; Amended
Sheet | PEA/ AU LLOYD W SE

12. A method as claimed in claims 7 or 8 wherein the syétem is implemented in

an Integrated Circuit.

13."A method as claimed in claims 7 to 12 wherein the system comprises

current-voltage topology.

14. A method as claimed in claims 7 to 12 wherein the system comprises

voltage-voltage topology.

15. A method as cla_imed in claims 7 to 12 wherein the system comprises

voltage-current topology.

16. A method as claimed in claims 7 t0 12 wherein the system comprises

current-current topology.

17.A éystem comprising:
an amplifier having an input and an output;
negative feedback means:

a low-pass filtering means;

Amended Sheet
IPEA/AU
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37 a DC decoupling nmeans the anplifier providing an

output of the systemto the lowpass filtering neans - LLOYD WISE

[ ; the negative
t roduce a | owpass filtered output;: _
fgegback means feeding back the | ow pass filtered
output of 5 the. anplifier is Ig(?gatlvely fedback to
the input nmeans of the anplifie t he DC decoupli ng

[ .components fromthe anplifier
ﬁsgﬁtfsm?@%ﬂ% gﬁ*ﬁﬁﬁt of the systemis an )
anpl i f'i_ﬁ%dlf rential- of an input signal to the

syst em "EnYMRAISIHIPEBINGANMBpUL| ofdhé Syptentiche lBW[pass filtering
transm ssion. 18. A systemas claimed in claim1

d
nMeRas dmproducer a imepasediNeréd 86tpRk: . a bi ase
}quggg: stor. 12@19 A systemas clainmed in clains 17 or

18 Mer@emawlverfp@ﬂbaﬁkghéhnb?feédlﬁég)%\%h tfid %]v@f)ﬁgs ?Kﬁrgp output of -

. 17 or erern

systemas clainmed in clains A SvStem as

si gnal the ampkfigr i2Be QlWéiy ﬁﬂfb‘k todfie inB e lifier;
cl gl med in C|§al s 17gor relI rF]> %ﬁijl‘ﬁm 'Ei@frfﬁﬁ anp

a pul Sethe%@@couéﬂ?d‘ﬁ'n%%n?hemovm components from the amplifier

output; wherein

the output of the system is an amplified differential of an input signal to

the system; and
whereby

a UWB pulse is produced fo=r transmission.

18. A system as claimed in claim 17 wherein the amplifier means comprises df

a biased transistor.

19. A system as claimed in claims 17 or 18 wherein the input signal is a clock

signal.

20. A system as claimed in claims 17 or 18 wherein the input signal is a saw

tooth signal.

21. A system as claimed in claims 17 or 18 wherein the input signal is a pulse

signal.

Amended Sheet
IPEA/AU -
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LLOYD WSE 38 22.. A systemas clained in clainms 17 or

18 wherein the systemis inplenented in an |Integrated LLOYD WISE
Circuit. 23. A systemas clained in clains 17 to 22

wherein the system conprises 5 current-voltage

topol ogy. 24. A systemas claimgd in clains 17 to 22

wherein the system conpri ses voltage-voltage

t AWI0GYsterOad Blainfed HEEIBIMES 732 é@ﬂ?}enré%%%Q%ﬁ{Wistir%plemented

22 wherein the system conprises

tq,pglnque ré4d ArS¥stemas clained in cI ainms 17 to 22
wherein the system conpri ses

current-current-topol ogy. 15 Amended Sheet | PEA/ AU.

23. A system as claimed in claims 17 to 22 wherein the system comprises

current-voltage topology.

24. A system as claimed in claims 17 to 22 wherein the system comprises

voltage-voltage topology.

25. A system as claimed in claims 17 to 22 wherein the system comprises

voltage-current topology.

26. A system as claimed in claims 17 to 22 wherein the system comprises

current-current-topology.

Amended Sheet
IPEA/AU.



