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for wireless conmunication, unlike other wreless
conmuni cati on technol ogy, uses short pulses (also
known as wavel ets in sonme publications) as information
bearing signals and is virtually carrierless. In other
words, the information to be transmtted resides in
t he oulses and is not nDduIated and riding on any

ath : ' ‘ dEO8® | S energy i S
eff|C|ent and has very IOM/average si gnal power
spectral density, since the short pulses are
interspersed wwth long 'quiet' intervals when
t FEEDI OF THE INBENTEORO! 0gy is not only applied to
witTelress communi cation systens. As stated in "UAB
Report and Order news rel ease", 14 February 2002, it
has 20 potential in imging, ground penetrating radar,
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systens.In an exanple of UWB data transm ssion, data
I's characterised by the positions or intervals between

UVB pul ses Si.e. pul se position nodul ation). The
p n the received pul ses are used to
reconstruct the data. In another

UuwB téchnology for wireless communication, unlike other wireless
communication technology, uses short pulses (also kﬁown 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
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
potential in imaging, ground penetrating radar, wall imaging, through-wall
imaging, medical systems, surveillance, vehicular radar and measurement

systems.



nmet hod, the UWB pul ses are such that they are shaped
to represent data. In yet another nethod, different
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_vvas thé cause

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

generation step is crucial to %he operation of any U\B
systens. The nost basic UMB pulse is a rmnocycl e Fi g

la and 1b respectively show a nonocycl e pulse w
1nAmexsaepiei M datrtrarsmisgigny Qﬁ@h‘ﬁ qr\@f@%éf'W‘é&MémPOS'tlons
domai n. Ot her types of UWB pul ses include step

sorgntergals Gebweemb VBl prdses (el pulsel pasitiorsimgaalatioandl he periods
wi ndowed si nusoi ds. As the pul ses are very short

bvetaeendhe secaived pukes B usgd tte redanstitise trRNdata. In another
br oadband. UWB can therefore interfere with, and be

| petHdEenss UWB é@smmam tér@rh eH8B%eprdet data. In
FReE haped Wrepra

Itation In vernl authorities

%%ggﬂhé,{orhggwy%O%sg@@ﬁtbgggP?gf%s%ég "3 05kf Jp Roresent
SO *Smeﬁqr?wqﬁévoﬁ%u Hbeihyiea ganération step is

operation of UMB technol o e year Iater on 13
Merticial trothe, omlmaéaawvgﬁeem&ma Part 15 and

subpart-F, wherein details on what constitute ‘
unlicensed Utra Wde Band Transm ssion Systens is
descri bed. The FCC does not specify any requirenment on

Urife Ridst ®agRNENAE PQ%eﬁQ‘é HBABEycI® Yig e HREED rb§Fedtingl  show a

al | onedbandwi dth tor different” UAB Systens via vario

ﬁlngﬁogzcgéf)ub%lm L8f-f oé&otngi‘%/wﬁ'ﬂggﬁé ts%c@%le&%?&g?ﬁquency

tec rec Ion an ency f

domain. Other types of UWB pulses include step signals, Gaussian pulses,

polycyclical signals and windowed sinusoids.

As the pulses are very short bursts of signals, an UWB system is inherently
broadband. UWB can fherefore 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)
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 allowed



the UWB device, in accordance with the procedures
specified in the docunent. The FCC defines a U\B
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has a fractional bandwi dth equal to or greater than
0.20 or has a WB bandw dth equal to or greater than
500 MHz regardl ess of the fracti onal bandw dth. The

bp?lgwghg f 1C t g.{,\é[f@ eleﬁ%r?or I a% @'—I’J ngqﬁ%ﬁgil-'ﬁP refers to

bandvvl dth for UV\B used in Indoor Systens, Fig 1d shows

t e bighewt signaf sirenghis detected in any dweﬁmaam @?any frequency from
Systens, Fig le shows the bandwi dth for UWB used in

G N BI ddviregg iim gceord ahbe mdthl the Ipragedige Sppeeified ifrtlie dbcument.
shows the bandw dth for UAB used in Through-Vall -

| M@ FOC sTrheSW VRV B Itaameeni®ysae awadibtd/Mhish gatadnyCedint in time,
generally be characterised by its peak anplitude, tine

dec’Ya ﬁQE‘t?dr?d“ba@B%d%H B&%amnoﬂ‘@egﬂﬁ tﬁgH@tZG)Br has a UWB

representing a basic e intinme domaln as
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domai n, the peak anplitude relates to average signal
p&ﬁé‘ldw'(i’the time decay constant relates to the center
frequency of the pulse and the pulsewidth relates to
signal frequency spread. The equation representing a
basi c

The graphs in Fig 1c to 1f show a pictorial summary of different FCC approved

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

Imaging’ and Surveillance Systems.

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

)= 422, 1)

T

where A is the peak amplitude and t 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



UWB nonocycle in frequency domain as shown in Fig 1b
is W Y(w= Awt 2 pee~ 2 where A is the peak

wa@ppsiosuede and t is tinme decay constant. WO 02PG/S88)04/000006

10

15

20

25

"System and Met hod for Generating Utra Wdeband
Pul ses” McCorkle, John, discloges one nmethod of UWB
signal generation. In that nethod, a sem -square wave

clock signal is firstly split jnto two sStreans. e .
swidih felp St@e%\gm@lcfrqqsl%cxeﬁpr%%d-gﬂ‘%%ﬁlfaépé‘, rewrﬁ*?reé‘?]mea basic

other streamfed to just one buffer. The two series of
b UM B msoncayske m frdgusandyatprbeinasceshawrein ig B iseans (WO
02/ 31986 page 28 paragraph 1, Fig 6). The streans are
then fed into either an exclusive ORxate or AND gate
to produce a conbined s)f(mcjl:emtzr%v\ﬁi ch has twce
the frequency of the original clock output. This

C et Ads $hé Péﬁk eimlitadabnd s i$ e dexdyi cdrstardt  anot her
two series of buffers which causes yet another two

resul tant square wave streans having a phase del ay
between them The | eading stream of pulses-is then fed

i nt sdnyxerting differ i al ' : "

8 Gy 3588 Kbl AT Bpokfir b Widkpang Puses

inverting djifferential LO inpyt he same .

mlaGarkiee John, dincipges F?Bﬁtm%ﬁhoaiqugﬁ'%\% gRneralioy g that

is also fed into the same nultiplier. The result is a

smethad od sepmeqyareware clackrsigna ibfitsty ispht iBfo twie streams. One

non-i nverted | eadi ng pul ses, the inverted | aggi ng
stream is then fed to a series of buffers, while the other stream fed to just one
buffer. The two series of buffers cause a phase lag between the two streams
(WO 02/31986 page 28 paragraph 1, Fig 6). The streams are then fed into
either 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
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-inve'rting 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
signal is also fed into the same muiltiplier. 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
and Fig 5b).



pul ses and the data signal. The resultant stream
consi sts of UWAB wavel ets of
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and ground-negati vepositive- ground pul ses represent O
(WO 02/31986, page 25 line 24-25, Fig 5a and Fig
5b).Fig 2a and 2b of the present specification shows
an illustration of McCorkle' s nethod. Two streans of
square waves are fed into a LO having an inverting and
non-inverting i nput to produce A+ 2la, 21b, which is a

t rBigr2aoand abmirtbe peesant soscificationyshavs an distrationzf McCorkle's
22b, which is a train of subnanosecond negative

purrneﬂmd.Kwd strelaing\of dquatdhwaespest feddntdra D kaviatlan inverting
the tinme width of the A+ pulse. DB 23, 23b is a

di érﬁ@h@ﬁiumaértrﬂl@rrapmlt@ prddusedA+ 218PRUb avkidh s Birdih @pal s
A+ and A- in nultiplier 25 to produce a differential,

b' osBREN gbg ggﬂ?@é%ﬁd ADCQZ%A'ZEE\QS\WNCNQ% 4R oF

can als to generate pul ses o
r_sh However [ at ed
eifr HeRBE R AR puEey, A -e%rbﬁeﬁypeﬁf Wi feseaip pgpy excl e
vol.t age and re herefore difficult to match to
ant 'raﬁ?vwﬁﬁhop Hed 23S FediEpEai@! gatsosiang and is
need to be passed through a W deband anplifier before
t hewdglated witheaignals £+ arthéwin rultiplien28ro prodicpia differential,

illustrates a nethod of UWB signal generation as

debiphabe dnoduldiePatarwicydle, AG, 2)42&41)2Md%km“9rmathod can also be
Adaptive Utra Wdeband Transmtter" Larrick. An

| MBS R gansratd OB butsed dfasthar shepes: shaping filter

32, the output of
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

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
which is used to directly gate the output of an oscillator 33 by a switching mixer
34. This is done to alternetely 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



which is used to directly gate the output of an
oscillator 33 by a switching mxer 34. This is done to
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the input of a band pass filter 35. The resulting .

signal 36 is then fed into an anplifier/attenuator 37

bef ore bei ng out put via an antenna 38. Larrick 's

net hodhas a propbl em of . signal | eaki from

ohiepgtPrRRIeEh O énglnélbll‘%\L ém%ﬁé’ ORRJ Iah corrupgethe UWB

illustrates a nethod of generating UWB signals

destputbed in Jeong Soo Lee, Cam Nguyen and Tom

Scul I'i on, "New Uni pol ar Subnanosecond Monocycl e Pul se

Gener at or and Transfornmer for Tine Domain Mcrovvave

Agllcatlon | EEE Trans on MT.T. Vol. 49, No.
iguredoliustraigs aimethoshef grnsrigiing UMMR W'@ﬁﬁﬁﬁ@bﬁﬁéw Jeong
“"A New Utra Wdeband, Utra Short Monocycl e Pul se

GSrmerla&e)rCa/mmgmdLamUTﬁam@Cmi@pﬂ, “NeseUnipatar Subnanosecond

Vol . 12, No. 6, June 2002, pg. 206. In this nethod, a

t MRy cll RIse Genetaioremdarraheforinee SeTiynelDodaid Microwave
(SRD) fo output a sharp signal edge. This signal edge

I%g%to & gm[g @ff?ﬁ’s Scﬁpmt o Sovud NNBTERE 201! B? fﬁ%e and

ection romthe short circuit a

ol e N AR B D9 st
T
epieyige engratoyt HedteeH %ﬁ‘&ﬁ@"%ﬁ%“#raa PHM-TT. Vol
transm ssion |ine 45, which converts the pulse into a
mdRo &g e Jurme 28020p@c3Q8.- dn this freethpd @ tiggerianal 4 1adrives a Step

(represented by a |oad resistance). This
recovery diode 42 (SRD) to output a sharp signal edge. This signal edge is

passed through a shorted stub transmission line 43. Due to signal reflection
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
signal goes through an isolator circuit 44, and then to another shorted stub
transmission line 45, which converts the pu[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

method. However, it is not amenable to silicon IC design.

To be amenable to silicon IC 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



nmet hod of UWB signal generation is capable of
generating sufficiently highpowered nonocycles and is
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However, it is not anmenable to silicon I C design. To

be anenable to silicon IC desigp, the conponents used

in a circuit have to conformto a foundry's conponent
brar eci al i sed, conponent no art_of

L B R hri) 16 SRAnSALR DoV PP FonRUR AT odg! [ partloular

fabricate SRDsfor it is costly to specifically devel op

a $BPhni que and nodel for a particul ar SRD.

Furthernmore, an SRD requires a large input signha

power to excite it to a correct state to produce the

required output. Typically, the input signal power is

at F @theét¥fIre 08n IIRD PE¢lRFes0d 1a#8e tHPUL WD pbeRtd BRElE it to a correct
| arge. An SRD therefore does not further amplify an

| Nt & 98 ii gbi@ﬁredt&ﬁpgﬁﬁsvp&an?% iiiyt %rﬂﬁ;ﬁﬁﬁvb’é? is at a

device resu n'a loss gna

A;lﬁpgilc:qi'{s h%; agf P gé ﬂ Xt ! aﬁnﬁ%R&fSﬁ%gigre does not

step recovery di odes_ and SRD m)dul es to substantia
t hiusthgbRRTPIITY 78 iNRY SigNBklf fRRlIRIS V&/@fbﬁﬁiﬁaéér?epa%%ve device

the i nput signal power is 2W (33 dBn), and the out put
porgsulting in.2068% O8eignBhpowend wcFexarapleist‘iﬁB@-neﬁqrmegice can be
network, the input power is 1W (30 dBm and the output

i sefdrdcied\froaT HEBADplicatisnadtero 200618l SHatnhenip Gererafiomasing step

SRD i nput signal has to be large, and the out put

si galeRAdiBaks BAY SROMEHUIBS VR  sUbbdhtidhe tHis RBintSiFBan 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

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
frequency domain analysis of the circuit results in the equation:

v, _ R _ JwRC

=~ =LY
AWC+R 1+ jwRC

The approximation used in the equation is valid if:

~ jwRC
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nmonocyclical pul se can be generated by differentiating
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circuit shown in Fig 26, which is a sinple passive RC
differentiator. The frequency domain anal ysis of the
circuit results in the equation: VO R JWRC jwRC v / |
c +R i +jwRC The appr oxi rrat}ﬂé[g used in the equation is
valid if:jwRC -" 1 Hence 6 tS|gnaI IS much

| ess than 1, regardless of the values of R and C

TiMemcel the @utlpot sigPabislthect esBaman a, rey38Ieayidd e §aMB8/0f R and
fromsuch an RC Circuit. In addition, the shape of the

o Wﬁu@Lﬂ %endt%)oggﬁﬁe td H%\Léqfsnl)écfg lgﬂgﬁlg{fnaltfnﬁn 'sﬂBHtag RC circuit.

step vol'tage S|gna can he circurt

the s A0pliRE” pisdendricot tﬁ‘ét@iﬁ@ﬁﬁ%%'ﬁ paar 35 Ene FigiF domein, the

Let econds A ste nction is created havi
Rt VRGOS aNEl GArces FRAElBt by tng Girsus o¢ BitAfe AL fme {0, the

The input can be represented as r \ =t GO u(t) =- 0
=hyo switchrae wilhmavesfrgn the solid line position to the dashed line position.

Let t0 = 0 seconds. A step function is created having an infinitely small rise-

time at t = t0 = 0 seconds. The input can be represented asl

u(t)={1:>t20s'

0=1t<0s

Then att> 0,

9] aQ 9
VIR+/CR <+ 2.

Initially, 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:

-R=R%_ u(t)

dt
90 _ul)
dt R

V.

initial

As time passes, the capacitor charges up and

o=Cv



/| ¢cdt Clnitially, at t ~ 0s, a step voltage starts
to accunul ate charges at the |eft plate of capacitor,

wo bogs/oéTsci ng current i down to the resistor RPCT/SG2004/000006
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However, because charge accunul ati on takes tine,
Voutjnitial = u(t), since u(t) 4s instantaneous step:
Vinihal=iR R =u{t) dt dt RAs tine passes, the

capaci tor charges u nd Cywhere V_is vol tage across

{ HiherapLls YalRodoreds the calmsfer T h3> (b theTe s apore Crrent
passing through resistor, i.e. i =0 and_ VO, fiai =0
V.Papsing thraugll resisior.ii.gal =S andkVafing i ¥i rlhg initial gge dinal state of
that j dQ kt = u(t) _kt dt R Vo =u(t)e-- t Therefore,
agheaircbit suggestitlvah t he | ast equati on, regardl ess of

the input step rise tine, the output will have an
exponential decay. This |egds {0 g@@[x§hape synmetry

of the output pulse bechSgEG¥ tﬁeEsFOM/exponentia

decay at small anplitudes. ’

Vo=ult)e™
Therefore, as can be seen from the last equation, regardless 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.

An example of an active differentiating circuit, as opposed to the above-
mentioned passive RC circuit, is one which uses an Operational Amplifier (op
amp) having a negative feedback circuit as illustrated in Fig 28. “Design with
Operational Amplifiers and Analog Integrated Circuits” by Sergio Franco
analyses this circuit in terms of its loop gain. Performing 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:
We Vb,
dt R
VC = Vn - Vz
v (1)=-rc 2%
i

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



An exanple of an active differentiating circuit, as

opposed to the abovenentioned passive RC circuit, is
wonmswobliieh uses an Operational Anplifier (op ap@d/SG2004/000006

having a negative feedback circuit as illustrated in

Fig 28. "Design with Operationgl Anplifiers and Anal og

Integrated Circuits" by Sergio Franco anal yses this

circuit. in ternms of its ]o in. Performng direct .
e siecforming GouiverfeRdpASk affete,hedhial Sietiigior Ftponse is
capacitor C of the differentiating op anp circuit of

Fig 28 is approximately equal to the current into

resistor R This nmeans: ,d\rCV n- V C odt RV

=Vn - V dV.it) V - RCdt AsVcan belseen, the output
voltage is the derivati V&= The Lglput- vol t age. Now,
perform ng negative feedback anaiy lad, the total

frequency response is A.- | V1 bl +y/ab It is

often the case with op anp circuits that the | oop gain

5 ':?t_ré Witbhqh&hk¥ Wit &8 ahfPcifcults tRatRBNSX) BBIGs suffde/dy large

(ab>>1) to approximate:

A = Aideal =

Q4| —

In the case of the circuit of Fig 28:

1 1 [ f
= =1 A
0 b b()f) *’(fo]

=1
where /o AﬁRC.

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

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

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



b In the case of the circuit of Fig 28: b = b(jfr
i +J{f - 1/ where f C As shown in the above frequency
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circuit, which is its purpose. However, a
differentiating op anp does noty;ful fil the purpose of
Applicants' invention, as w Il be explained in the

S arr e AE s W IS LTS AR @W"‘é@n -and-offto

Generator," Stevens, Roderick, Leonard and, VWl | ace

t tRassRigRI ahappwpriale MRS oERE restant signat 4 ds @ windowed
conti nuous sinusoid signal, A which is fed into a

Wi sidiosoig puise ofeores peted Bhicinis appdeximately @ ropscydieT his method
del ay bl ock output, signal B, is a delayed version of

si gMalvBRsighaegehardtivh idsseprbtsmatoli Psigtat bsing leaked to the
wi ndowi ng pul se, C, which turns a switch 54 on-and-of f

toOlp@Pts C%I”gllbﬂh hé nggggr@pép ate nonents. The resultant

wed” si nusoi d pul se of one period
mhlch IS approxinately a nonocycle. This nethod of UWB
signal generation has a problemof LO signal bei ng

CBSeh ot i of ARG SHSe B etBhag in Cetonics
delgrqésie%(teaﬂic;nnat L?I(terlal-\(l)vri]cijggand Seminar”, Infocomm Development Authority,
Singapore, 25 February 2003, Dr. Jurianto Joe. in this method, a short pulse
width 61 is fed into a nonlinear circuit based on a tunnel diode 62, which causes
an oscillatory response within the pulse window. This response is also a kind of
UWB signal 63. This method of UWB signal generation is also not amenable to
silicon IC design as a Tunnel diode is, like SRD, a very specialised component.
Quoting from Electrical Engineering Training Series by Integrated Publishing
(see the web-site: www . tpub.com/content/neets/book7/26a.htm), “In a Tunnel
diode, the semiconductor materials used in forming a junction are doped to the
extent of 1000 impurity atoms for 10 million semiconductor atoms.” However, a
normal diode is lightly doped with one impurity per 10 million semiconductor

atoms. Hence, a tunnel diode is a very specialised component which is

expensive and not available in most foundries.

None of the above-described methods is singularly amenable being
implemented in an IC design while being risk-free from LO signal leakage and

providing a sufficient power swing for antenna transmission.



Presentation at U tra-Wdeband Sem nar", | nfocomm
Devel opnment Aut hority, Singapore, 25 February 2003,

w®eeosdems@nt o Joe. In this nmethod, a short pul BeT/8GHDH000006
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61 is fed into a nonlinear circuit based on a tunnel
di ode 62, which causes an oscillatory response within
the pul se wi ndow. This responsézis al so a kind of UNB
signal 63. This nmethod of UWB signal generation is
al so not anenable to silicon I C design as a Tunnel
diode is, like SRD, a very specialised conponent.
Quoting fromElectrical Engineering Training Series by
I nt egrated Publishing (see the web- site: VW .
t@m\nquﬂtmﬁg INCERTIORK7/ 26a. ht M), "In a Tunnel
difode, tne sem conauctor naterials used in formng a
junction are doped to the extent of 1000 inpurity
atorrs for 10 million sem conductor atons." However,

t
LB e ol ﬁﬂ;ﬁ?hﬁgﬁneré?g%ﬁéfa*@and/m
a er IsI S of.auIRERM f- 0Ch ' Second The proposed method of
ehORBYSErY “RIGREESH
above descri bed nethods is S|n uIarI amenabl e bei ng
i ipVEnsianaleneratien i fueéa@ﬁnwmdeff%enh@om the- mpé@rﬁ‘@raﬁrhas
LO signal | eakage and providing a sufficient power
s\inmerehbadarttages whichnevarsgme mauyMimitatiaws inHAe prior art.
I NVENTI ON Thi s invention describes a new nethod of

using transistors to generate and/or shape UWB pul ses
of pul se-w dth of <100-pi cosecond. The proposed net hod

?i%%@bggf@métg??riﬁbl@%'g"enfekﬁig%@@élbﬁa%utb@f &Ring to
generate large output power. The method also does not have the problem 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 pulse repetition
can be controlled). Furthermore, the method is useable to generate various
types of UWB signals such as monocycles, polycycles or biphase signals. The

device of this invention has small circuit size and can be designed into and

implemented in an IC.

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.



i nherent advant ages which overcone many limtations in
the prior art. The proposed nethod is able to generate

w@200a0gAa6EI gnal out put swing to generate | ar gepOISED4/000006
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power. The nethod al so does not have the problemof LO
signal |eaking into the UAB sighal. The nethod
additionally provides a high pul se repetition rate and

provides significant control over the generated UB -
paecardia B tha jovailion rasproniESPest S sSich: r Pigapged comprising
shape_and pul se repetition can be controll ed%. .

Fa@MMibring means, aegative tpadbagk sagans, @dog’e?\%?sa lteripgrmeaas, a DC
types of UMB signals such as nonocycl es, polycycles or
bidehagpling meahs, afththelemptitying means providimgi amoutpsit of the system
small circuit size and can be designed into and

| figd eonthiet led-pasafitdritg rheans dhedowgaskeilters btiput of theaamplifier
first aspect, a method for generating UAB signals is

PrORESAH ehPfBIazk 18 the bt RibaMs dfithé enfifieRtithBD@ decoupling

cl ock™signal once to obtain a UAB pul se. According to

AN, By HESORISRAPRGhe AnatRl TR, BHERAR%He output

conprising a ans, negativ ack neans,

a_lowpass filterin ans.,. a decoupl i.n ns, an
(TR SYyyeyS Ak Bt Aitfefe ek OF i R ot 0 L Bsfem, and
fed to the |owpass filtering neans, the |ow pass .

f iwheseleyyaddMBRipulse havingsifficientpower fesgadtchingjtoratipasmitting
to the input nmeans of the anplifier, the DC decoupling -
mestennaeisgrodycedy DC conponent in the anplifier

out put, wherein the output fromthe systemis an

anplified differential of an input signal to the

system and

According to the invention in a third aspect, a method is proposed comprising
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 data signal, to produce a

second pulse signal and 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

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.



whereby a UWB pul se having sufficient power for

matching to a transmtting antenna i s produced.
wa@emendiltng to the invention in a third aspect, Par/settnecn000s

is proposed conprising the steps of using a

substantially step changing sijgnal as a first input,

differentiating the first input to obtain a first

-pul se signal, mxing the fir ' Wit h .
Bobfe i ¢ 1o BusRg e Bdrii i aaRle B e gfhe ggmaim
produce a second pul se signal and differentiating the
second pul se signal to produce a third pul se signa
wherein the third pulse signal is a UAB pul se signal.
HRigkiFe DBCRIWAST & SN OpuUIBEEvVIDRAGENSSIameORe@sis of Fig 1a in the
invention will be understood nore fully fromthe

d@é@jém dbaagini ption given bel ow and fromthe

acconmpanyi ng drawi ngs of various enbodi nents of the
s invention, which, however, should not be taken to

limt the invention to the specific enbodi nents, but

%&}Jgg gl cis_ lgv%gﬁ% bgﬂdvagghf&gg\ﬁf éé@?&ié&%ﬁ’&éﬁ/ igﬁb%&:{r%g@l@ms

urse w Ssi'dn nonocyc

time domain Eigure 1b shows a 1-ns pul se width
@%gﬁ%@%ﬁgﬁl e of Fig la in the frequency domain
Figure 1c shows the bandwi dth for UAB approved for use

in I ndoor Systens according to the FCC. Figure 1d

shows the bandw dth for W\Bﬁproved for use used in
chigwer! d-shinivecthg bepdwidhsfonWgs aprigvedfor Hee pegd in Outdoor Handheld

10  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.

15 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.
20

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.

25



Figure l1e shows the bandw dth for UWB approved for use
used in GPR, wall inmaging and nedi cal inmagi ng systens

wa@ewsndiing to the FCC. Figure 1f shows the bane@a/sGno4/000006
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for UWB approved for use used in 'through-wall inmaging
and surveillance systens accorging to the FCC. Figure
2a illustrates the nethod of UBW pul se generation

according, t 2/ 31986 [ e 2b further .

" Figufe 2tuisTalk ther mathioss or gl 618 dstiseatian aseasting tg Jeong
2a. Figure 3 illustrates the method of UWB pul se

gerd bee. dMowarband Sgutiienang themetisub ascardingderteagwoo Han
illustrates the nethod of UWB pul se generation

acuwt gmegprt.o Jeong Soo Lee, Nguyen and Scullion, and

t he met hod according to Jeongwoo Han and Nguyen.

Figure 5 illustrates the nethod of UBW pul se

generation according to WO 99/53616. Figure 6

| Ipj § tﬁaé'[% f-BENP GHTes | i

diFls! P{%gc}ﬁ]&n f%l'iiﬁ%?dyr%sent aPlh%% n U%t?c?dag%o&gwgntg wo
Se | nf oconm Devel opnent Aut hority, Singapore, 25
February 2003, Dr. Jurianto Joe. Figure 7 illustrates

the effect of an enbodi ment of the invention. Figure 8
is a graph showi ng the transfer function of an

di f the i tjon.
ermgukengqﬁus?rates ﬁuel rrﬁ\éﬁwnod 8P UBW pulse generation disclosed in Cellonics
Presentation in Ultra Wideband Seminar, Infocomm Development Authority,

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

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 9 is a graph showi ng the transfer function of
Figure 8 approxi mated by a first-order high-pass

wo 2dos@s7160~i gure 10 shows a circuit | ow pass fiPCERGTNG4/000006
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the negative feedback. Figure 11 shows the equival ent
of the circuit of Figure 10 repggesented in frequency
function bl ocks. Figure 12 shows a current-voltage

T35 o) PR ONabR sEA4) B Bk gy cuhten

illTustration of the current-voltage (series-series)
fé@@’b%@l@okébféﬂréﬁyof)Flglﬂf‘@EFe 12. Figure 14 shows a
hybrid-p small signal circuit Figure 15 shows the
schematics of a sinple test circuit of the enbodi nent
of Figure 12. Figures l1l6a-f are graphs show ng the

t iffguew NBiinarfaghonitiesteatidrhef thieraunient-obltage (seriek2series) feedback
Figures 17a-f are graphs showing the tine domain

r%BSI 90@?@{&8 1@ rcuit of Figure 12. Figure 18 shows
d| ment of the UMB signal generator circuit

eqw vaI ent to that of Figure 12. Figure 19a-e
illustrates the differentiating function of an

d t ,of t 20- 23 sh
%SUIU% %P"égea ﬁ%%g?%ﬁ'?@gﬁ%ﬁa eusi ng anS v

Figure 15 shows the schematics of a simple test circuit of the embodiment of

Figure 12.

Figures 16a-f are graphs showing the time domain response of the circuit of

Figure 12.

Figures 17a-f are graphs showing the time domain response of the circuit of

Figure 12.

Figure 18 shows an embodiment of the UWB signal generator circuit equivalent

to that of Figure 12.

Figure 19a-e illustrates the differentiating function of an embodiment of the

UWB generator.



enbodi ment of the UWB generator of the invention.
Fi gure 24a-d show vector representations of signal

w@onspelib@t i ons according to an enbodi ment of PEESG2004/000006
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invention. Figure 25 is a sinple representation of how
a UMB signal/data is transmtted, received and
detected. Figure 26 illustrateY a si npl e passive RC
differentiator. Figure 27 nodels the generation of an

i Figures20=23vsiavayaricusimpulse madutationi technigbes pising are
RC differentiator of Figure 26. Figure 28 illustrates
aetrbodirdetf sfrthe tU\WB geheratot of thelisivegtian Oper at i onal
Amplifier having a negative feedback circuit. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENT Fig 7
illustrates the basic function of an enbodi nent of the

b TQROAHEHIhoR] vacts: BfeHatdhedt it nBfiabiFagcording t
the UMB signal generator 72 and is converted into a
nﬁﬁ6%W%V§mgﬂfggﬁﬁﬁnvﬁﬂﬁvbrsely, a negative pulse 74 is
converted into a nonocycle 75 which is the inverse of

t he nonocycl e pul se 73. The fundanental operation

ofthe UWB signal generator 72 is ultra broadband

dFigunec2fi isaa sionplemepresphiatioo of how atJW B mignalidgtesstransmitted,

circuit in the UAB signhal generator takes in a train

oteduiaaidad detitghednanosecond pul ses, differentiates and
anplifies themto output a train of UAB signals. An
out put nonopul se has a slightly longer tinme-w dth

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.

Figure 28 illustrates active differentiating circuit using an Operational Amplifier

having a negative feedback circuit.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

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
embodiment 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



than that of the input pulse. The follow ng equation
describes the differentiating function of the circuit

WO moshe71to0 me domain. i!)-K at Wiere, x(t) is tPer/samo¥/000006
signal to the block; and y(t) is the desired out put
signal. The circuit effects freguency sel ective
anplification and suppression which is different from

hi gher. r.onj ¢ _gener atj on ,usin Qnponent .. .. e
nofie T FEPA Gerderatis 2 RLyE A RBtantiagin aga ameiiication
circuit gperation at high duty.cy?l es. To synthesi se

t hef inpulaignalscAi cieuitimthe HYLB sigiial generator takes in a train of
Fourier-transformed into the frequency donmain and the

t r resdband subtianeosasost pulsesedifferentiaties rnd @mplifigsthem to output
-e 'dt =i KwX(w) dt H{w) = =i Kw \H(f) =2pKfThe frequency
dogaiain 6fURN B sigrefiawen bbtpiut niorpuisechas afstighthglomger time-width
transfer function \H(f] , as illustrated in Fig 7, can

beysnthaest :ednplif§ils@n | nput signal can be
5di}ferentiated Pn }tﬁﬂe time domain. The transfer

function \H{/\ is shown graphically in Fig 8.

The following equation describes the differentiating function of the circuit in the

time domain.

y(t)=K%EQ

10  Where,

x(¢) is the input signal to the block; and

y(t) is the desired output signal.

The circuit effects frequency selective amplification 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)= jK Ex(%t)e’iw’ dt = ikwX (w)
20 H(w)= %‘% = iKw

|5 (f) = 27Kf



Strictly speaking, a circuit of the transfer function
\H{/J cannot be synt hesi sed. However, one can use a

wo poospeTas@er hi gh-pass filter to approxi mate i PCT/FEGCHOL000006
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shows an illustration of the approxi mated transfer
function. The present enbodi megy of UWB si gnal
generator has an active first order high-pass filter

'Itrn? fy ansm s og n%%{t%i@h&%@ﬁ%ba;ig?&? a t%a{vir?%s'?tt}a%gfer function
fre uenci es of the transistors used in the circuit,
i .|& t){heS!liuathte;i iorisigvio crnier siinihesised, than @ndnpuohsignal can be
l[imt. Having a transm ssion zero at DC and an

o anlia h R T 88ual) THRIFETEr bBuet Sk Epnepr

of subnanosecond) while shorting out any steady-state
D@Graphipaiheint Figra.t he i nput signal. The filter used is
an active one as anplification is required for the
overall filter response to achieve sufficient signal
power output. The high pass filter transition band is

a T oS, et ot b A LRETERTATCTioah g aynthesised.

it is essential to choose an active device with very
hi lgbwevernshe cahagieea figst-obder highgiasatfiter tamappwx@mateiit. Fig 9
is the transition band, 'B" shows the intentional

t WWé“Qn ﬁﬁJserﬁoﬁ bﬁﬂfé Sﬁér%&ﬁﬁét‘éa tFéhs?erCtﬁH@ﬁ(bﬁ or of the
analog filter while C shows the gradual deterioration

of tranS|stor perfornance at high frequencies. The
above- ment i oned frequency donain function is

ml:qe g%rg?g\ AR meggggﬂm S|qqa Sgﬁér@ agrqﬁaesogn 3chive ?}ast order
high-pass filter with transmission 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 transistors work within their saturation limit. Having a
transmission zero at DC and an ultra-broad transition band enables the UWB
signal generator to generate very short pulses (to the order of subnanosecond)

while shorting out any 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.

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



out put signal 14 of an anplifier 13 passes (at 15)
through a low pass filter 16 and is negatively fed

whatmk/od7ded o t he input 11 of the anplifier 13. PaT/862094/000006
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way, the |lower frequency conponent of the input signa
11 is elimnated before the regaining signal 12
conprising the higher frequencies is received by the

nplifier 13. Wien the out al is n atlvely
Thetion Byacaraatagol Msanal 93%@\35@%&% %@g.gﬂa dggl
t he whol e bl ock of conponents is effectively altered,
f detetintationeofdrarisiatenperdeimandeatdrighb frequenciescr i bed
above, the transistor anplifier 13 has a band limted

transfer function. The circuit bl ock can only
differentiate signals up to a frequency bel ow that of

tge tab@OéJrﬁérﬂf&edtﬁé’dU%r{cyfdoﬁ?ﬁ’éiﬁ Wﬁhtﬁﬁm ISt Pﬂi?hénted with a
transi stors are chosen havi ng suitabl e output si-gnal

PRYGEt af'éggb%éélg éeﬂsheé}% 93% ﬁmg»'h %E'ﬁé‘ﬁﬁ%%e“?ﬁhg" £} 10. The
fBUt‘@th‘EWBL% gaﬁfaﬁp a},er (1§ §% klgﬁﬂﬁ{o%gh( lg(vgyaps fllter 16
Fér?c)j is( r?c)egatively fed back 17 to the input 11 of the amplifier 13. In this way, the
lower frequency component of the input signal 11' is eliminated before the
remaining signal 12 comprising the higher frequencies is received by the
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 differentiating function.

As described above, the transistor amplifier 13 has a band limited transfer
function. The circuit block can only differentiate signals up to a frequency below
that of the 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

shown in Fig 11, where

Als)= 2o
1+
Wt
F(s)=—L2
1+



s) " I +Aobo +s\- 1 + 1 1\ +s2 i wi f ) twf Under the
conditions Acbo |l 1 -wf " w ~ wf the transfer

wo ovsoéTaon of the feedback [ oop of Fig 11 can bBCT/SG2004/000006
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approxi mated as bo>wf The circuit shown in Fig 10

| ooks simlar to the differentlﬁtlng circuit using the
op anp of Fig 28 described in the Background section
above. However, it should b oted tg t the core
conponent of t he prese g an op anp,
but rather, in a preferred aﬁﬁbdﬂméﬁﬁlﬂS)a BJT
transistor. This difference is especially marked
considering that the op anp is gn agéjog circuit
conmponent that operates in Miz4jégi-6nA| The present

i nvention, on the éﬁntrary, geﬁiraﬂ&s subnanosecond
pul ses of a pomer Fficient T E thF RF aps tter
and operates 1+,%ﬂ0+sfl_+__J ( T

Wf w Wf

t

Under the conditions

4,8, =1

S
1<<—=< 4,5,
Wy

w

¢~ Wy

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

The circuit shown 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 component 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
that operates in MHz region. The present invention, on the contrary, generates
subnanosecond pulses 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

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



by a totally different set of paraneters. Furthernore,
t he conponent orientation of the present invention is

waoledosmeant from that of the op anp differenti aCTgG2004/000006

10

15

circuit. In the op anp differentiator, theinput signal
voltage is converted into its gwn differentiated
current signal. As the input, current into the op anp

negat,ive termnal is negljgjble, angd.the._ curyent .

s itk signal dellageis cpvarind PLRISPYR dierhtigiec chventsianal. As the
the current signal into an output voltage signal of

opPRh £arrept iatq the orpanegativettpemiia isdregligikiei anrd the current
anp has an operating principle which is different from

t rgnalfpashes fhrosghthe nesestor Bn whitshi eanventseheiqurfemt signal into an
instead to a passive RC differentiation network.

Adslitpiitorialge sigie of ppaBitsl pblagitye Mhepéfotd) thkdifférentisting op amp
used to differentiate slow analog signals, and it is

n Q{as”ﬁﬁ"‘abetfa‘?ih?%ﬁ]cﬁﬁe .@vtﬁéfp%%ﬁér%ﬁ?)ﬂ%rrpma‘f of ?@e gLéaE%Qt invention,

network. A cufrent-voltage (series-series)
t . i n Fi I f
- g BB R etBrdeth dradvaRt MerRRoR iRowdre.
(2) r " I+ -L (,)=.=_21L_ . -(3)
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

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

G)=1x =G ()
E 1+ -
Wt
R()=2 =S o (3)
X 1+ —_
Wy
It can be shown that
Vour - G(S)RL




1X1 +J L It can be shown that Vom= - GIs)Rl VIN |
+&(s)R{s)Substituting (2) and (3) in the bl ock
wo e@s®éaso function (4) gives s - G\ | + - \ RLpO/6G2pED00006

=v/OUT\V . i+(?2 + |J_+J_|[+i i w w \'\ ww

Under the conditions QRO >- 174 -<<-Wf < AR 0 w ~

wf the frequency domain transfer function of the
current-vol tage (series-series) feedback topol ogy of

Fig 12 can be approximated as H(s)=- {- \ - (5)

oA RabitBL e SBondGe Elo R achpruon () Gives " -
vol t age- vol t age, vol tage-current and
—G{HWLJRL
VOUT _ s
H(s)= =

m 1+G0R0+si+L vt L
w, W, ww,

5 Under the conditions
GoR, 1
<< << G,R,
Wy

W, ~w,

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

feedback topology of Fig 12 can be approximated as

10 H(s)z—( R} }s --- (5)

W R,
Equation (5) is equivalent expression of equation (1).

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

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

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

Circuit (IC).



current-current can be designed using simlar blocks
and the sane concept. A circuit of the above feedback

wo oehaegyo can be i nplemented in an I ntegrated BT/8G2004/000006
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(1C).An enbodinent of a circuit inplenenting the
current-voltage (series-series) feedback topol ogy of
Fig 12 is shown in Fig 13. The Iayout of Fig 13 is a

common-em tter_ confi tion,of bipolar ction . .
R RETEEPeRar SATCHPITA PRIRHRS 15 BBt Hde, Rrign-series)
em tter feedback network which prqgvides the negatiye
ffeedbaeiktopeiogymfdig é@d@&@@%ﬂ\kgw 3¢ bhp ey of Hg ﬂét's a
order low pass filter 133. The dashed boxes hi ghli ght

tdmminonegrittea cobfigurationnd bipndarjunpliotetrassigior i3 whigh
bl ocks show the manner in which the feedback is

sitfiémenhtcan hmplifier Ahgahemittee fdaaibapretivotd whichIFovides the
corresponds to the low pass filter 16 of Fig 10.

I [
BRI, B PRIt (RN GREAAIES A hderow e

1 r 0 vie f

Fﬁéer"@% B f ﬁ?ﬁﬁé@tﬁeéﬁaﬁﬁ B ploERe ha R,

equi val ent t ove oned bi pol

{QIRRPRS M%inﬂw oPks aamkhadrata i wtih i teedbapk i
the emtter side. Rout is a parallel connection of the
caubteanted. ethedfigureathe lowt pass fillgsddarmasresppnds $o the:low pass
i nput voltage pul se signal to the transistor Rp.

Milesrnid offFigri®. Similailytthe BAr eordigeratiarh31 aosebparsds to the
dependent. Sol ving Kirchoffs current and vol tage | aws
ahmpafidrad Ninneigerd and the ABgativdRedBAck 132 corresponds to the

negative feedback loop 17 in Fig 10.

Fig 14 shows a hybrid-= 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 connection 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:

T(w)= V out (W) g, Rl + JwR,C, )

Vulw)

R,
1+g,R, +E—+JWRfo

n



obtain the follow ng transfer function of the circuit
at small signal operation: | +g nRf - +jwRf C, | nstead

wobkoosmémiegn a | arge val ue Rf resistor at the em peES8G2004/000006
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side, a current mrror configuration is used, so as to
provi de a constant supply currgnt at DC, and to
provi de | arge i npedance at AC conditions. Gven +S

f o+ - fwf G - 1 out, T(w) =- jwf Cf = - |j R.

¢ Ingeahot using siages vabem ety A tamehihenecs guireanmiror

be derived. The above discussed circuit has been

sicanfiguration is deetbraocasit PYVidena BPUHBRbSIPRY cueest at DC, and to

conmponents. Fig 15 shows the schematics of a circuit

f provithe |argb dmpedance BHACHRE cbnditioas. Ti is the

anplifying transistor that provides the signal gain

and delineates the input and output of the circuit. T2

provi des a constant DC biasing current and a | arge

f eggback resistance at AC operation. T3 conpletes the

current mrror configuration with T2. Rbias sets a

constant voltage for the biasing current. Cf is
1+ngf+Ef—>> JwR,C,

4

waCf =1
R R.C
T(W)E—_] gm out fé =—_]WK
1+g R, +—L
gm f R

n

a differentiating transfer function can be derived.

The above discussed circuit has been simulated in Cadence using IBM

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 inp_ut
and output of the circuit. T2 provides a constant DC biasing current and a large
feedback resistance at AC operation. T3 completes the current mirror
configuration with T2. Ryias Sets a constant voltage for the biasing current. Cs is
the feedback capacitor 141 of Fig 14. T,, if biased properly, operates at
saturation region, and provides a large Rs value for the feedback resistor 140 of

Fig 14. C2 is a DC decoupling capacitor. The input puise goes into the base of



t he feedback capacitor 141 of Fig 14. T2, if biased
properly, operates at saturation region, and provides

w@200angaeRf val ue for the feedback resistor 140CD8GE0gG000006
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14. C2 is a DC decoupling capacitor. The input pul se
goes into the base oftransistopg Ti . The out put
nmonopul se results fromthe collector voltage sw ng of

0B, T b by Al 150, PRTUIBHGY Rbod g of

frequency_and tinme domai n response_of the enbodl
FHGOPELOT Ba ThiSIRSHCHL RS TEURES o [BRSeTGARAREO! Cr values to
simul ations. Figure 16a shows an input pul se signal of
0.iluétratathe equentyaandtime derain reapons:iof theoemhediment. Figures
circuit of Figure 15. Figures 16b-f shows the tine

dorgaineHows frntmeaforhsia responsd of thie simutatipasof
di fferent capacitor val ues. The output nonopul se shape

and tinme duration can be varied with different val ues
of capacitance. It can be seen that a very high duty,

l. I
TR Y8 SRR BT A Bt ve
F di t
0 G B Sl f Pl 9. FRERRS 15ﬂé$?ﬁ°&’&35ﬁ3&}"%§9maﬁ“
response of the test circuit. Fig 17a shows the input
svafdhe sirauit farcmrangst ef-djierant Qapa@ltqy valugs:. d he output monopulse
frequencies fromO Hz to 12 GHz. Figures 17b-f shows

t hehdpecandetimyg dioatom cae seorasiedokith déferest vatues of capagitance. It
a range of capacitor values. The capacitance val ues

ar@rfbd BEen that #¥erythigh I@IEty, bpﬁrﬂélﬁcal profilkombaspalsdiwith minimal
to figures 17 b, c, d, . As can be seen, the

Si iRgidd &4n rb‘:esr}i'bﬁﬁcé@rﬂ?es@é’ﬁﬁ’cl%kg valles'seW. 1 5F 6. 9mpr 86 pF, 1pF

and 2 pF corresponding to figures 16 b, ¢, d, e, and f.

Figures 17a-f show the frequency domain response of the test circuit. Fig 17a
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 resuits from the
mathematical derivation discussed above: increasing the capacitance shrinks
the passband of the high pass filter, 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



mat hemat i cal derivation di scussed above: increasing
t he capaci tance shrinks the passband of the high pass

wo pdosmee716@i fferentiating only a certain range pET/BQmO¥000006
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signal frequencies while anplifying the other
frequenci es. Hence, |ow capacitgnce is preferable as
it ensures operation of the differentiator circuit

over | ar ge range, of frequencies. This correspaonds to

¢ nd og; e FOMRSATHSH BPMERD QRFTAIE TEAUERGY B oUHH ianal

bet ween operation frequency and out put signal _ )
anpmplificationsf the WS sigerldefiesptogetie analysisand simulations

anal ysis and simul ations therefore show that the

ci thevefore Ehowtthat the dincuFiilpsiratédsindaigdld is capable of differentiating a
differentiating a broadband i nput signal, subjected to

t herdgabund fif e egisal, sjésterastite Rhowh grdquansy pefforrhdice of the
and t he tirremgonst ant cJ)f Rf and Cf 133,éq14o,y 41. An

enpaddisiert 3(?farffdﬁfhectir}‘m%1 ebR&EhELE REaRé 'CHUid3, Alsot hgq WVB
signal generator as shown in Fig 18 has been
fabricated in a BBCMOS IC, and it has been shown that

a 100- pi cosecond pul se output is feasible. Fig 19a-e

shows few exanpl es. .of the use of e clrcuit of Fi
18?‘”'95&“3‘5?15‘3@9 eaiiﬁ&“i 'ag'ﬁﬁ OHSUQQEQW PW%&'Q QPHG%W as
UVB signal generator block in figure 19a-e. As can be
seshown in fig 18 as dsendebdeated dmaddiCMOS IC, and it has been shown
information-transmtting UAB signals is a matter of

cathadi TaD-picespcambpede Cutputiis feadibleot her conponent s
and feeding in the right kind of clock signal. Fig 19a
illustrates the differentiation of a clock signal by a
circuit of the enbodinent. Fig 19b illustrates the

di i PI GAE! MW flw RxaAHIdLO theUsEEH thB¥%irduit of Fig 18. The circuit of
Fig 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

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 19c¢ illustrates the differentiation of Gaussian (or
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 monocycle and a reverse rﬁonocycle

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



circuit of the enbodinent. Fig 19c illustrates the
differentiation of Gaussian (or Gaussian-1li ke pul ses)

whansngriposi ti ve and negative anplitudes by a BCT/SGR004/000006
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of the enbodinment. Fig 19d illustrates the
differentiation of a series of jJgaussi an or
Gaussi an-1i ke pul ses having different anplitudes by a

circuit, of t 19e il lustrates the . .

G PTBLSHPS 2hA VB roahAE Mriayiond s oW, kAT Fo hE siied in the
by a circuit, of the enbodiment. The above

i |ar@gppatre@qhgg.thFd@clq%eéo Rredugshethes LW B\aignal dorage
further variations as would be known to one skilled in

the art upon reading this disclosure to produce other

UAB signal forms. Figs 20- 23 show various inpul se

f oFigh 29-26Ehenevdridusimmddefemitd mpleaenfatiorescherhési{impulse
generate UWB signals using the present enbodi nent of

Wi $h&rapthad geeeaite UwWR ﬁbﬁélls L%lriﬁ‘fﬂe srededt é’f%badﬁhékﬁ%f UWB
are used as inputs to the”lnpul se Former, which

UL AL G HBR) p hk SEATEZ AR SRR usHR U\qguts to the

enerator I Tec |C|enc
h ul d, be n t ed that a

t he I e For

ol e 5736 A eHiRR R B 4 @nﬁwsmﬁﬂfeu e uwa
wavef orm codi ng; pul se position nodulation of th
no$ieaglgenaratos dﬂr@pﬂy affeelsithe gbirienaadidher mpsb® F@rmer It should
bi phase nodul ati on of the nonocycle is a form of

anbé poted thahaefplitud e odidutgtiontifltee srenacysiegaad formgof amplitude
nodul ati on of nonocycle is a sinple conbinati on of

or whoegfonal codiviy; puldep pasitionaveftatiorcotihegnonesydid i@ form of

opti mal usage of channel bandwi dth. Fig 20 illustrates
hoyttRogisHat wilverstn B8dingebipREYE Mliatbri-MBH_UhSRScY is a form of
antipodal waveform coding; while 4-ary signalling modulation of monocycle is a

simple combination of orthogonal and antipodal waveform coding, resulting in

optimal usage of channel bandwidth.

~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 resultant output ‘B’ is a train of
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 resultant amplitude modulated



transm ssion by generating an anplitude nodul at ed
nmonocycle train. A differential clock signal 'A 205

w0 2006@6716mt 0 a UWB signal generator 201 of therP@I/e6EN#/000006

10

15

20

enbodi nent to be differentiated. The resultant out put
'"Bis atrain of Gaussian pulsgg with positive and
negati ve anplitudes 206 due to the gradi ents of the

cl ock,si l,~205. Signa is.then,

GBI 208 arong ﬁ&&t&aﬂs 40938 i lgﬁ%anothef

sol el y- ggsmlve signal ' C 207 s transform ng

nélffareotating Q&Busmrtal ssgﬁfatvrei%@gt@oerm badigpent ar@ 9@?mphtude
is then nodul ated with data signal 'D 208 at

mooedudated WNE maegyclertdain e 204€0is tpiaducarbfor tiamemission.

nodul at edwaveform E ' 209 is produced. The output E

209 is fed into another differentiating UAB signal

generator 204 of the enbodi nent and an anplitude

#bqt pr8vit¥8 RRHN Sk f (geeating r%; a B%sbﬁn@ﬁ&é{iﬂ@ﬂafﬂ1 10. A

sm'ssion. Fig 21 provides an exanple of generating

Slagﬁr@%ﬁfii J@%grﬁ%fl\t 5‘???30 M’é L?Wé ﬁgf @r& ra oorct*f the present
the r sen ?Hbiﬁ mat tZ#l Tlhe nfgél 0 él mlxer212to
f &nbadiment gilf ¢ Ehe ouitRyt B &6 Istpsn; it @q@ Beaii

become Si naI "C217. 'C 217 is then nodulated with _
daheaswagﬁaﬂo becomessignalaCnd il ‘6t 8il 7 2 thenamgdulaéed with data signal
resultant waveformE 219 is produced. (Note that 'D

21B’ A&’ apasrhd)d wataarid 3nagdtthe eesutiant iwadeformu’d’ 246 is produced.
signal "D 208 of Fig 20). E 219 is fed into another

UWMRose el DUZIEhas poshive tdhel rmg%wetarﬁpihodeér&nﬂukaﬂs@fawo’ 208 of

anot her round of differentiation and bi phase UWB
Mg ens! & b §idielihtb hRotheP 9 BS%ignal generator of the present

embodiment 214 for another round of differentiation and a biphase UWB

monocycle train 2110 is produced.

In the example of Fig 22, the generation of a pulse position modulated
monocycle 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-

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

In the 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’



In the exanple of Fig 22, the generation of a pulse
posi ti on nodul at ed nonocycle train 226 i s illustrated.

waemsoekesi gnal ' A 223 and data signal 'B Zzncnsezuﬁwdooom
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into a pulse position nodul ator 221. The out put,
pul se- posi tionnodul ated pul ses 3,C 225, is fed into a
UVB si gnal generator of the present enbodi nent 222 to

PR R e A ol R hppeg s

requires not further exposition. In the examle of

23232 Ireogionb pipbasaitinge delaygd PUFRArainng %%%uEatSében ed into a
nonocycle train 239 is illustrated. Cock signal 'A
23thead\W/ Bl aignat ggnedatorf tRepresent eebddiment2paits generate 4-ary -
position nodul ator 231. Pul se position nodul at ed

PUUSES m chéd sidrens pedul ated- with a second data
signal D 237 at anot her nodul ator 232 to output a
bi phase, tine delayed pulse train '"E 238. E is then
fed into a the UAB signal generator of the present

33.t t . igal ;
s."Eﬂﬂbé‘P%a% oS O e mRll il BROBE S Bepgrpror of this
[nto the UNB e[at r of t hi s enbodi rent .

b SRBOOTRN TGN 4 5 S10CH o SQu BN Slsnggf@%%r%th signal, a
SI gnhal, a pulse, a Gaussian-like or Gaussi an pul se,
mopulsgchiGaussian-le onGeosyiendiulseala maneryglisal palse, a polycychcal
signal and so on. Vector representations of the
abasinusaidal giggdhl @indrsa ormonst el | ati ons are shown in
figures 24a-d respectively. Figure 24a corresponds to

a pul se anplitude nodul ati on (PAM schene for wreless
conmuni cation. Figure 24c corresponds

Vector representations of the above-mentioned signal constellations 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 modulation scheme. Figure 24b corresponds to
BiPhase Signal Keying (BPSK) modulation scheme. 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

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

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



to an orthogonal signalling nodul ati on schene. Figure
24b corresponds to Bi Phase Signal Keying (BPSK)

worpashetis®on schene. Figure 24d corresponds to BCT/SG2004/000006
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Quadr ature Phase Signal Keying (QPSK) nodul ation

schene. These are wireless comguni cation signal

nodul ati on schenes representing the bi nary Ts and

OSi erns,. of different pul.se

oPL VR M a Siapo ot of BREEGRe Rl rzgede uws
di stinguish the "Ts and ' O swhen it receives suc
sogharadorsifar drf&eramﬂr@ge&shﬁaskéignaétwlpech@f%rengQFiU|a§lon with data
differentiated once with the UAB generator of the
ps@srahtAlmrbamrai}ara circuibimpiemeatipg bssecomterdat differentiation
"Gaussi an |ike" spike and may not exactly be a
Gaudtiodmay beausedindidatie Homevat, idifer@ntigtingi thd tigek siynal twice
nonocycl e 1s obtai ned. Al ter nati ve enbodi nent sof the

| BURD &Eﬂ%ﬁn theutvs ol glt;?{tvadét%%%éﬂe'd’ﬁ Ult, as the

arrange nerators erentiating a c

= B0k o0 5 b PR by, g s s

differentiation function nmay be used instead. However,
dreﬁ‘%\rgﬁfqréﬁ d-ng the clock signal twce before

nodul ating the UWB signal output with data is nore
difficult, as the resultant nonocycle has very a high
frequency spectral content, and is thus easily

diFstribetradre, fnanhintegrated dircuinthens egr trheks beaxng the power line,
there are tracks bearing the power line, ground |ine,

t hat i Mhe gﬁggtﬁd“é)léﬁiﬂ)én@tr’ﬂﬁhy bfAitpoHaht SiaAkl kngsethat should not
be interfered with by the high power, monocycle pulse. The extent of leakage of
a UWB signal generated in one line to another line depends on the signal 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.



be interfered with by the high power, nonocycle pul se.
The extent of | eakage of a UAB signal generated in one

wo 2ove/osTe@not her |ine depends on the signal porer/S&@md4/000006
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frequency, as well as the dinmensions and positions of

the lines. As a WB nmonocycle hgs is broadband, has

hi gh power and high frequency, 1t is very easily

| eaked to other lines . in C causin |nterf ce to

t hbughermre, Hirisecand st ag?ﬁi}éqrﬁnfeﬁor B éd%%%r"‘ dgd advantage of
suffer distortion. In addition, differentiating the

c| produsingraveryiatge dietpot §lgnalj(!€a-’cfp¢@6& depengend) g hence

output with data results in a nonocycle having very a

hi glducguenaycpaes bt higheopowst compaests tonpassiek differemtiators. The
the other tracks. Therefore, it is preferable to

Pr RfYe 9o%w&u#edwf@@u Qh@%@h@i 16 & ahfhnAistthes pasduled without
the Circuit where the signal is fed directly to an

ol Ogeﬂﬁ‘@eciﬂfréé@@ig%@ereﬁ fiectherefore, preferably the

Signal {'l%t ed once and modul ated with
data before subjecting the resultant signal to another
step of differentiation.Furthernore, the second stage
differentiator provides an added adv nta
pr GtgP ﬁgows\?evwsane@ reRrgRANtatiqEHan he M@e%sna'/ data is
dependent) and hence produci ng nnnocycles at hi gher
potransmittazhreceived padsietectel f (doansignao?s! isTused targrnerate the
power required to feed the signal to an antenna is

t hggitatle mpalbesifohmadutdiimgraztd 2621 The atlstkt signalland the data signal
anplifier. Fig 25 shows a very sinple representation

SoeheBut M S8 e Rier (s 161 Srkines shawy 92029,
generating UWB signals according to the methods as described. The UWB
signals are then transmitted to receiving antennas. 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 detector 256
(Correlation methods are well known in the art, for example, matched filtering,
partially 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
generated, as disclosed in Fig 20-23. The chip sequence is usually
communicated between the specific transmitter and receiver in a prior period
before the real data is transmitted, during the period known generally as the

‘preamble’.



suitabl e i npul ses for nodul ati ng data 252. The cl ock
signal and the data signal are both fed into an

wo ppsleaedror mer (e.g. the schenes shown in Fi gp@DS@B)N4/000006
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generating UAB signals according to the nethods as
descri bed. The UB signals aresthen transmtted to

recei vi ng ant ennas. the signals may undergo fading
a distortion, and a e. noi se
- MBngie bSfbRS B 45 f%@*&%ﬂﬁﬁ&?ﬁ SgisEnae Brsiatipiempate

l'ifier (LNA) 255 and a, cross-correl ation detector

253nesniss and die arssoesrelationgdetecton gies; : Maxdmyr output
for exanple, matched filtering, partially matched
f ishowingtheesighal doreclatiars $he @nvelogei detector wilt sampleathe correlator
takes in 2 signals - the received signal x(t)
arltpdt st uitabruigkerl8 f8bthe ddatd emd degid@bewbidnpdints(in)graphs
fromthe tenpl ate generator 257. The tenpl ate signa
V(Ma b3 JARBPEEE 6L Q b@lﬁngg%n@hh@reﬁ%&@ﬁu@ﬁtl%c‘éhstructs the
the transmtted signa enerated, "as disclosed in

Fi 0-23. The chip sequence is usually communi cat ed

between the specific transmtter and receiver in a

prior period before the real data is transmtted,
during t he period known generally as the

"preanbl e' . Where portions of the received UMAB signals
artdeness tb@Pf%ﬂsawr&latcé@ﬁff@ttéoé%Eiﬁ‘h’@lﬂp@@%tﬁ&tqfr?é‘d Decision
cross-correl ation detector gives a maxi mum out put
shmodulg 25&isthgwita oveand ltabeoaceivad vienthel W8 tranemission. If there
w Il sanple the correlator output at suitable

| nsenversr dud td Sey diferesuibettdichethattramsintitted diatd and tthe received
graphs 24a- 24d the received signal bel ongs and

tNest8bY JeeBargURBaLINK (REPDPES! MAIshoWi is able to detect the errors to a

certain extent.

It should be noted that the embodiments and the examples given so far of the
IC 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
possible schemes using the UWB signal generator to produce different varieties

of UWB pulses (e.g. other than just monocycles).



data. Hence, the cross-correlator output to the
Envel ope Detector and Decision nodule 258 is the data

wore@snet1e0 be recei ved via the UMAB transm ssi onPCT/§G2004/000006
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there is an error due to any difference between the
transmtted data and the receiyed data, a decoding

nodul e (after 258, not shown) is able to detect the
ebiz@ggéo a certain extent. It should be noted that

t di ments and the exanples given so far of the

I C inplement-able UAB generating circuit, the test

circuit, the transfer function produci ng a nonopul se

and the schematics of different arrangenents and the .
i Aput methpdifortgeneraiinga WWB sianal qameriesing the ptap of differentiating
exhaustive. A man skilled in the art on reading this
diassidakssigeavaride toeotitaimpthe WWE sigdal. possi bi ity of
alternative circuit equivalent to those described in

this disclosure, and the many ot her possible schenes

using the UAB signal generator to produce different

\%Lg%%ﬁ@géﬁ%@%é%@%ﬂ{?{%hﬁ@ﬁ prisi it giﬁ%ttgp of differentiating
S!trgeﬂ@\/v@%' rail%x't E%s %ﬁcghe ag' fﬁﬁpﬁoéyc%kaﬂgrt % gg‘y%%lical uwB
according to claim1l further conprising the step of

disigné@-enti ati ng the UWB signal at |east once to
generate a nonocyclical or a polycyclical UMW signal.

3. A method according to claim 1 further comprising the step4 of modulating a

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

4. A method according to claim 3 further 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 pulse is amplitude-modulated.

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

modulated.

7. A system comprising:
an amplifier having an input and an output;

negative feedback means;



3. A nmethod according to claim11 further conprising
the step of nodulating a data signal with the UAB

wGeL@sab71t@ obtain a nodul ated UWB signal . 4. Ap@estmd4/000006
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according to claim3 further conprising the step of
di fferentiating the nodul ated \MB signal at |east once
to generate a nonocyclical or a polycyclical UAB

signal. 5. The nmethod of claim 3 wherein the nodul at ed
pul se AOWRASStTl@ENGdNEARR ed. 6. The nethod of claim 3
wherei n the nodul ated pul se is

pul se- pd3Cdesaonpling mests 7. A system conprising: an
anplifier having an input and an output; negative

f eedbathe amaliiemplovitimgan dutputefitme systansto theDGw-pass filtering
decoupl i ng neans the anplifier providing an output of

the symicuisitd jrBBubOY 1BRSSaskiflifefsd Satpueans to produce

a lowpass filtered output; the negative feedback
means edi NG £ }
a1 155 PpaERfeabdFy W IaRe g ek e R Mg HeelgtFoutout o
the anplifier:. the DC decqupl i ans renovin _—
conponti SMies BRSaAED e Bbackiolhe 1naPeRRS D e amplifer
output of the systemis an anplified differential of .
an i npthe BiGydegouplingHaesans rameviaadPC 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 system as claimed in claim 7 wherein the amplifier means comprises of a

biased transistor.

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

signal.

10. A system as claimed in claims 7 or 8 wherein the input signal is a saw tooth

signal.

11. A system as claimed in claims 7 or 8 wherein the input signal is a pulse

signal.



whereby a UWB pul se is produced for transm ssion. 8. A
systemas clained in claim7 wherein the anplifier

wore@secTaenpri ses of a biased transistor. 9. A BYES@IMO&800006
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claimed in clainms 7 or 8 wherein the input signal is a
clock signal. 10. A systemasglained in clains 7 or 8
wherein the input signal is a saw tooth signal. 11. A
systemas clainmed in clains 7 or 8 wherein the input
signal is a pulse signal.12. A systemas clained in
claims 7 or 8 wherein the systemis inplenented in

|1 dysyatem @3 cleimed in glaims Jyﬂt?emhageleme ﬁwemﬂscmlwented in
7 to 12 wherein the system conprises current-voltage
tarpbitegrated Circhitsystem as clained in clains 7 to 12
wherein the system conpri ses vol tage-vol t age topol ogy.
15. A systemas clainmed in clains 7 to 12 wherein the
system conpri ses vol tage-current topology. 16. A
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conprises current-current topol ogy.
current-voltage topology.

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

voltage-voltage topology.

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

voltage-current topology.

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

current-current topology.



