1 ULTRA- W DEBAND PULSE GENERATI NG CI RCU T AND METHOD THERECF Fi el d of the
I nvention [0001] The present invention generally relates pul se generating
systens. In particular, the invention relates to a circuit for generating
Utra-WdeBand (UMB) pul ses. Backgrounld of the Invention [0002]
Utra-WdeBand (UAB) communi cati ons has gain w despread interest in the
recent years. UWB signals may be defined as any signals with a fractional
bandw dt h of greater than 20% of the centre frequency or a signal with
bandw dt h UbTRASWIBEBANDRIVLSE SHEINHR ATONOB CIRMEUWT AeNES MIETHOD
comuni cations systens utilize the transm ssion of data in short pul ses
whi ch are spread out over a wi de sWAHERPE&dirum The wide bandwi dth nature
of UWB communi cation ensures high channel capacity and high resistance to
noi se and interference. [0004] Furthernore, UWB comuni cation systens can
share frequencies that are wused by other applications because the

transm ssion duration is extrenefigldgidhe Inypefiont he transni ssi on power is

very low. This results in extrenely |ow probability of causin
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Background of the Invention

[0002] Ultra-WideBand (UWB) communications has gain widespread interest in the
recent years. UWB signals may be defined as any signals with a fractional
bandwidth of greater than 20% of the centre frequency or a signal with bandwidth

of greater or equal to 5S00MHz.

[0003] UWB wireless communications systems utilize the transmission of data in
short pulses which are spread out over a wide swath spectrum. The wide
bandwidth nature of UWB communication ensures high channel capacity and high

resistance to noise and interference.

[0004] Furthermore, UWB communication systems can share frequencies that are
used by other applications because the transmission duration is extremely short and
the transmission power is very low. This results in extremely low probability of

causing interference with other signals.

[0005] UWB pulse generators for generating of UWB signals are a key component
to the UWB communication systems. However, present methods and systems

tend to be expensive and overtly complicated.



2 [0006] At present there exists sonme nethods of pul se generation that uses
i nput waveformtriggers that needs to be carefully shaped so as to drive
the UWB generator to operate in a stable and unstable regi on. However, for
such net hods the input waveform needs to be very narrow and that woul d

i nvol ve high costs inplenenting it di g%tal ly. [0007] There are al so other
UVB generators that disadvantageously requires high trigger voltages in
the order of 4odosy Atkpteseamt ithete @ristsrsangi tethbde ofipalsaneheratidly hak dessninghit a

di ode. Wile effective, this nethod di sadvantageously unsuitable for |ow
power appl i catWayalm| oigees thethaeedsdesbbicarefidlyhguped moodsytp dhive ube WWB
expensi ve high speed digital ci rcuiés and Anal O(ﬁDi gital Converters. They
are used to g&RBTAPEN opcgte Bumelablaand uasieblepeions Havmven der sypk guethods the | y

unsuitable for._low power appligcations. [0009] Lt.can thus be seen that
there exists én%uge‘(yg‘feggmé n%%‘?’pfoetbgn‘é?w 0‘{;9“&9845 tan?llreqlﬁtoav OUF%HH‘@EWeMi ?‘fb&U\/\B
pul ses that c : | east alleviate the di sadvantages of the
exi sting pri O?fﬁg%%ﬁﬁh%%&%ta%#. the Invention [0010] The present invention
seeks an U tra-Wdeband pul se generating circuit. [0011 ] Accordingly, in
one aspect, the present enbodi nent provides, a circuit for generating an
Ul t r a- W deBandoqoz)\Bheyruirs alsoartiieri $WR) gerratomithatadispivhsegaiuslyi equirgsdtigh on; a
hi gh gai n-bandw dth product transistor coupled to the initial pulse

shapi ng porti é#ggch ‘D@agf‘ém@r theyppley gfopr TswaskWigtot inslupe rangii Hmaavildnglch

product  tran Irésakgcr)wn of a diode. While effective, this method disadvantageously unsuitable

for low power applications.

[0008] Other possible methods involve the use of expensive high speed digital
circuits and Analog-Digital Converters. They are used to generate large bandwidth

UWB pulses that are also similarly unsuitable for low power applications.

[0009] It can thus be seen that there exists a need for a simple and low cost method
for generating UWB pulses that can overcome or at least alleviate the disadvantages

of the existing prior art.

Summary of the Invention

[0010] The present invention seeks an Ultra-Wideband pulse generating circuit.

[0011] Accordingly, in one aspect, the present embodiment provides, a circuit for
generating an Ultra-WideBand (UWB) pulse comprising: an initial pulse shaping
portion; a high gain-bandwidth product transistor coupled to the initial pulse
shaping portion; a DC power supply for biasing the high gain-bandwidth product
transistor;

a first differentiator, a second differentiator and



afirst differentiator, a second differentiator and 3 a third
differentiator; wherein an input voltage waveform conprising at | east one
rising edge is input to the initial pulse shaping portion, causing the high
gai n- bandw dth product transistor to oduce a fast falling edge
corresponding to the at |east one risihg edge; and differentiating the
fast falling edge by the first, second and third differentiators to
generate a UVB third sliifferpiid®] whaream an ligput asjitegd watdfernp cemerising rb dehistrenmndt
provides, a nethod for  generating an Utra-WdeBand (UWB) pul se conpri sing
the steps: pr &igingiadge as nyh togieninBishdumset shapingdpastion,r eavsingttbe ; high gsindi ng
an i nput voltage vef orm having at | east one rising edge; generafing a
second vol tagz’g%‘\({i\%fle‘iﬁ‘ldH%{\}f Istor 1o praqueg adfast falling pdge| qopgsnoagiwery theat hi gh
gai n- bandw dt h tr i COlI.es dipg.to .th | east._one rising
Qdge: di 11 er eniRatiiG g B 3 M GRRAAEREIL PR By e BT RT

vol t age wavef gkifd didvtddgadks tb%%ﬁéra&ﬁa%ﬁh?ﬁ@s&egati ve pul se; differentiating
the third voltage waveformto produce a fourth voltage waveform having at

| east one enhanced negative pul se having a narrower pulse width then the
at | east one sharp negative pulse; and differentiating the fourth voltage
wavef orm t o p{@J@L én aarfoilfer haspect] t thge pwaerf embofiimenh gpravidegast meted ME

pul se. Brief Description of the Draw ngs {0013] A present enbodi ment of the
present i nvent2PeHatiig an Wiga WideRBand ([ WB) pulsd semprisiag) thenitens: pedadiagedigho t he

drawi ngs of which: [[0014] FIG 1 illustrates a.bl ock diagram of an exanple
of a system utglmlnlnfi“h Ké'-th LWCW?‘%%S%% REQVAdigg an input voltage Wavelom having at

least one rising edge; generating a second voltage waveform having at least one fast
falling edge by the high gain-bandwidth product transistor corresponding to the at
least one rising edge; differentiating the second voltage waveform to produce a third
voltage waveform having at least one sharp negative pulse; differentiating the third
voltage waveform to produce a fourth voltage waveform having at least one
enhanced negative pulse having a narrower pulse width then the at least one sharp
negative pulse; and differentiating the fourth voltage waveform to produce a fifth

voltage waveform having at least one UWB pulse.

Brief Description of the Drawings
[0013] A present embodiment of the present invention will now be more fully

described, with reference to the drawings of which:

[0014] FIG. 1 illustrates a block diagram of an example of a system utilizing a

UWRB Pulse generator;

[0015] FIG. 2 illustrates a circuit diagram of a UWB pulse generator in accordance

with the present embodiment;




[0015] FIG 2 illustrates a circuit diagramof a UAB pul se generator in
accordance wth the present enbodinent; 4 [0016] FIG 3Aillustrates an
i nput voltage waveforminto the UAB pul se generator of FIG 2; [0017] FIG
3B illustrates an output voltage waveformat a collector of a high gain-
bandw dt h product transistor of the U\/\B‘pul se generator of FIG 2; [0018]
FIG 3Cillustrates an output voltage waveformafter a first

di fferenti ati qootien FIGhe3 AMBugttdisse af einpitatvoltagyl wWalv&formd; int® 0thg] UWKS. pdk
illustrates an output voltage waveformafter a second differentiation in
the UWB pul se ggneretoavbFI@f2;FI G 2; [0020] FIG 3E illustrates an out put
vol tage waveform of the UWB pul se generator of FIG 2; [0021] FIG 4A
illustrates a tine domain output waveform of the output voltage of FIG

the output vaPTEEEr st talel B3t SRR iRt o ey ok SUERGER 0023)
A B pul se 0gagk i pightt Pholi Bl 8F R WIPAHIIERLr S 936 bbed. 10 the

foll ow ng description S are prov he preferred and
the alternate enbodinent. It shall be apparent to one skilled in the art,
however that the invention may be practiced wthout such details. Sone of
t he detail s nmg9o1B8ptFIGhaCdistmatebad oatput esigigh wawefosmradier 4 firsd diftueRiating in

i nvention.
the UWB pulse generator of FIG. 2;

[0019] FIG. 3D illustrates an output voltage waveform after a second

differentiation in the UWB pulse generator of FIG. 2;

[0020] FIG. 3E illustrates an output voltage waveform of the UWB pulse generator
of FIG. 2;

[0021] FIG. 4A illustrates a time domain output waveform of the output voltage of
FIG. 3E; and

[0022] FIG. 4B illustrates a frequency domain output waveform of the output
voltage of FIG. 3E.

Detailed description of the Drawings

[0023] A UWB pulse generator with a preferred embodiment is described. In the
following description, details are provided to describe the preferred and the
alternate embodiment. It shall be apparent to one skilled in the art, however that
the invention may be practiced without such details. Some of the details may not

be described at length so as not to obscure the invention.



5 [0024] The present enbodi nent proposes a sinple and | ow costs circuit for
a UWB pul se generator utilizing a high speed switch. The hi gh speed switch
in the present enbodinent is a high gain-bandw dth product transistor. An
exanple of such a transistor is a H gh Performance |sol ated Coll ector
Silicon Bipolar Transistor HBFP-0405 By Hew ett Packard having a high
transition frequency (fT) of 25 GHz. [0025] Referring to FIG 1, an

exanpl e of an@pA| Mhatjredent! ShibdihdBRt BPG}:\()S&G aSsimpREAN | & tdosR Scifcnft M a30
where a UVWB transmitter conprises a Pul se P05|t|on Modul ator (PPM 12 and

a UWB puI se g&n¥Batulse msrammﬂlzmgsaehngh spitedfsmatch. Bhe Higlaspeed switak P 12 to
the UWB pul se generator 50. The UWB pul smgenerator 50 then converts the
data i nt o UWBDpiseRiegmbaglinpenttis adigh gaindangwigtheproductviansistes vAn exemple af ng a

g i %S%”E?iihab‘ééc%‘f’ﬂ Saesidg b xﬁhénbfw@ﬁau%%%t%ela@t@ﬁ” G S s the
T PPM
wel 1 known- 1 n 1egre 0 FEEBGBDP B iUk sl I PR ETRIAS 8D | e

UWB pul se gengrateijin accordance with the pr esent enbodi nent is shown in
FIG 2. Referring to FIG 2, the circuit of the UAB pul se generator 50
conpri ses a high gain- bandvm dt h product transistor 60. For the generating
of UWB pul ses, an input voltage waveform51 is wused as input to the UNB
pul se gener at §0025D Refkingnd MBFHu| $earyexeanpi¢ of af@pplitation zsimgt UYB,apay bewr n- ON
characteristics of the high gain-bandwi dth product transistor 60 to
generate an expmewgioptionsstyserl PP mgeeiy B drmasmittsr qomwprises &iPalse Position

Modulator (PPM) 12 and a UWB pulse generator 50. Data is sent out frame by
frame in the PPM 12 to the UWB pulse generator 50. The UWB pulse generator

50 then converts the data into UWB pulses to be transmitted.

[0026] A UWB receiver comprising a PPM demodulator 13 and a UWB pulse
detector 14 is then used to receive transmitted UWB pulses and then demodulate
the UWB signal to retrieve the data. The actual implementation of the PPM

modulator and demodulator is well known in the art.

[0027] The present embodiment of a circuit for the UWB pulse generator in
accordance with the present embodiment is shown in FIG. 2. Referring to FIG. 2,
the circuit of the UWB pulse generator 50 comprises a high gain-bandWidth product
transistor 60. For the generating of UWB pulses, an input voltage waveform 51 is
used as input to the UWB pulse generator 50. The UWB pulse generator 50
utilizes the rapid turn-ON characteristics of the high gain-bandwidth product
transistor 60 to generate an extremely fast falling edge signal for the initial

generation of the UWB pulse.

[0028] The circuit further comprises a first capacitor (C1) 53 and a first resistor
(R1) 54 coupled in series. The first capacitor (C1) 53 is further coupled to the



generation of the UMB pul se. [0028] The circuit further conprises a first
capacitor (C) 53 and a first resistor (Rl) 54 coupled in series. The
first capacitor (C) 53 is further coupled to the 6 input voltage waveform
51. The first resistor (RI) 54 is further coupled to a base 61 of the high
gai n- bandw dt h product transistor 60. ﬁb029] A second resistor (R2) 55 is
al so coupled to the base 61 of the high gain- bandw dth product transistor

60. The secondnpi voBARIwAVBERrmOH. | Thé first wedidter (ROl igdurthie? duple@ e abasavhi ch
is further coupled to a collector 62 of the high gain-bandwi dth product

transi st or 60.61i¢halhighlgaifbantheiltls prodest ttamsiatol 66s a voltage clanp to limt
the voltage of the collector 62. Athird resistor (R3) 56 couples the base
61 of the high gain-bandw dth product transistor 60 to ground The first

and the tni ro 0B & o0 %%s?%%rrﬁfjé?é?fﬁ@is%wgﬁo s BREbTool 8 bty
por't fon.  The iuahddaly RS B3RP A0PIRL Ty lliEsth fs%tiun%uer@% 4Gy gqel ,

i nput of the input Vvo €S a

square wave. fgeh@iddesy vﬂﬁclﬂs@urtﬁév ccﬁlgle%%@é&le%r 89 of '&R:UE%P{ g&ﬁaﬂﬂﬁdm?&ﬁyef orm
51 in accordance with the present enbodi nent i s shown 3 The circuit

of the UWB pulpsalugetaisistor 68.0 Thurdidiers7ahsn se@ePto && s afvoaagZaCclampwrlmﬁuppl y
40 for the biasing of the high gain-bandw dth product transistor 60. An

i nduct or (LI ) t15€8vciltagsefihe§ou¢cmvréé A thitchresistirdR3) 56 RAYyplsDthesbaseGplofdha o t he
col l ector t he hi gh gtgl n- bandw dt h product transistor 60, The i_nduct or
(L1) 58 serv grnbandyd U dragsisigr épégﬁ?m@. grhel fisb sapagiéort (Grld ddh t he

DC pover SUppltﬂ/e ﬁrst resistor (R1) 54, the second resistor (R2) 55 and the third resistor (R3) 56
together form an initial pulse shaping portion. The initial pulse shaping portion of
the circuit receive the input of the input voltage waveform 51, which comprises a
substantially square wave. Referring to FIG. 3A, an example of an input voltage

waveform 51 in accordance with the present embodiment is shown.

[0030] The circuit of the UWB pulse generator 50 further also comprises of a DC
power supply 40 for the biasing of the high gain-bandwidth product transistor 60.
An inductor (L1) 58 in series with a fourth resistor (R4) 59 is coupled to the
collector 62 of the high gain-bandwidth product transistor 60. The inductor (L.1) 58
serves to act as a RF choke to prevent signal leakage through the DC power supply
40.

[0031] The input voltage waveform 51 is first shaped by the initial pulse shaping
portion. The rising edge of the input waveform is thus enhanced by the initial pulse
shaping portion to have a faster rising edge. The rising edge of the input voltage
waveform 51 causes the high gain-bandwidth product transistor 60 to switch ON
rapidly. As the high gain-bandwidth product transistor 60 switches ON rapidly,
voltage at the collector 62 drops off rapidly. Referring to FIG. 3B, this creates a



[00311 The input voltage waveform51 is first shaped by the initial pulse
shaping portion. The rising edge of the input waveformis thus enhanced by
the initial pulse shaping portion to have a faster rising edge. The rising
edge of the input voltage waveform 51 causes the high gain-bandw dth
product transistor 60 to switch ON rapidly. As the high gain-bandwi dth
product transistor 60 switches ON rapidly, voltage at the collector 62

drops of f rapifshtYalliReéderat the coRedtdi@2 dRespoRlimg @6 8RR dBe 6f fRShphiadditafy edge
d |

at the collector 62 corresponding to rising edge of the input voltage
waveform 51. Me8fmMBie circuit of the UWB pul se generator 50 further also
conprises of three differentiators in series. Afirst differentiator is
coupled to the collector 62 of the high gain-bandw dth product transistor

60. The first differentiator is rther coupled to the second
i tferent at ol00%7hd hedisHe Oiths er"g%tnu cﬁen?rgtoeégﬁ%@rtaiﬂ Goanprisgs plthree

Capaci tor (CoXiEoRTAA Sires bt ERPLE cBRRe 367 BB 825 she 1 e
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third capacit @oufledlo fid sevhdgifffentiaRut THROscCOMD Ufbrériatdr 1€ cOulRUto ¢ Of
t he second capacitor (C2) 71, and the output end coupled to ground via a

si xt h resi st othivdidiffetemtintoicr d di f ferenti ator conprises a fourth capacitor
(C4) 75 having a input end coupled to the output end of the third capacitor
(C3) 73, and a output end coupled to ground via a load resistor (RL) 78.

([jf)? ? g]r e-rll_[] ie aI ?ﬁp&gf“”ﬂﬂe ngrste %%?ergﬁtiat[ct}ecgn%largs%g taogecggd tcgggcitlcj)p ?&59 9?Sh2$v1r}1r;geaen
input end coupled to the collector 62 of the high gain-bandwidth product transistor
60 and a output end coupled to ground via a fifth resistor (R5) 72. The second
differentiator comprises a third capacitor (C3) 73 having an input end coupled to
the output end of the second capacitor (C2) 71, and the output end coupled to
ground via a sixth resistor 74. The third differentiator comprises a fourth capacitor

(C4) 75 having a input end coupled to the output end of the third capacitor (C3) 73,

and a output end coupled to ground via a load resistor (RL) 78.

[0034] The fast falling edge at the collector 62 thus undergoes three differentiations.
Referring to FIG. 3C, the voltage waveform after a first differentiation is shown.

The output at vcl from the first differentiator is a sharp negative pulse.

[0035] This sharp negative pulse is input into the second differentiator producing
an enhanced negative pulse having a smaller pulse width. Referring to FIG. 3D, the
voltage waveform after a second differentiation at vc2 producing the enhanced

negative pulse is shown.

[0036] This enhanced negative pulse having a smaller pulse width is then input into

the third differentiator producing an UWB pulse. Referring to FIG. 3E, the voltage



Referring to FIG 3C, the voltage waveformafter a first differentiation is
shown. The output at vcl fromthe first differentiator is a sharp negative
pul se. [0035] This sharp negative pulse is input into the second
differentiator producing an enhanced negative pul se having a smaller pul se
width. Referring to FIG 3D, the voltdge waveformafter a second
differentiation at vc2 produci ng the enhanced negative pulse is shown.

[0036] This erfiasfps dRgalthye® dﬁ}ﬂr&ﬁiaﬂ@ﬂiaﬂgcﬁpéﬁﬁéihﬁ}\lgmw pisdti shdwhhen

input into the third differentiator producing an pul se. Referring to
FIG 3E, the Vihetldys pulvepetiocadiabtipat at thhicuchudichll @f eind foakthosapaditor G4)
produci ng the UAMB pulse is showmnm. The UWB pul se produced is output at the
out put end of 78he fourth capacitor (C4) 75. [0037] Referring to FIG 4A a
time domai n waveform of the UWB pul se produced by the UAB pul se generator
50 of the present enbodinent is showm. Referring to FIG 4B, a frequency

domai n wavef or, e . r.oduced.i s shown, . [0 The present UNB
Ul e gener at &0bah KeliGung B 3R, BiBlRitu BefdGHlo ke PR P 0% PG

pul ses. Furtheu it ews $5 Lol #A@‘]

generator 50. ?E?sgis gcﬁ?%@%ﬁ By§?ﬁ%ﬁﬁﬁgﬁggggﬁg%gﬁﬁaﬁgf pfo u%?%gto
transistor 6FIGeIBG: fdyuentydihan vaveforPWT MOV D pillsé rod8E i Skbwid.0039] I n
addition, the UMWB pul se generated is dependent nore on the characteristics
of the high gain-bandw dth product transistor 60 and not on the wdth of

the input waveform This advantageously allows a w der variety of
di fferent i npl03ghdedressnt HW8 nudsedgenerator 50 advantageously lowers the costs of

generating UWB pulses. Furthermore, less power is also consumed by the UWB
pulse generator 50. This is achieved by the high gain-bandwidth product transistor

60 being ON only when an input waveform is received.

[0039] In addition, the UWB pulse generated is dependent more on the
characteristics of the high gain-bandwidth product transistor 60 and not on the
width of the input waveform. This advantageously allows a wider variety of

different input waveforms to be used.

[0040] The example of the present embodiment may further have the following

values for the components:

C1=33 pF R1=3.3 Ohm R2=1300 Ohm
R3=270 Ohm R4=1000 Ohm L1=33 pH

C2=3.6 pF R5=500hm C3=1.8 pF R6=50 Ohm
C4=1 pF RL=50 Ohm

[0041] The present embodiment may further be described by way of a
corresponding method. The method in accordance with the present embodiment
then uses a high gain-bandwidth product transistor 60 for generating a second
voltage waveform having a fast falling edge corresponding to an input of a first

voltage waveform having a rising edge.



[ 0040] The exanple of the present enbodi nent may further have the foll ow ng
val ues for the conponents: Cl1=33 pF R1=3.3 OChm R2=1300 Chm R3=270 Chm
R4=1000 Ohm L1=33 H C2=3.6 pF R5=50 Ohm C3=1.8 pF R6=50 Chm C4=1 pF RL=50
Ohm [ 0041] The present enbodi nent may further be described by way of a
correspondi ng net hod. The method in accrdance with the present enbodi nent
then uses a high gai n-bandw dth product transistor 60 for generating a
second voltage waveform having a fast falling edge corresponding to an
input of a first voltage waveform having a rising edge. 9 [0042] The
met hod may fuedag] Theviaéthed kg RltaE ingoloé tHehshapink f th® Fitd gBItNRVAR G
causing the at |least one rising edge to have a faster rising edge before
input to the chisylg thaiahldnanaiei ki edgodaditvd a fassirgtsmg @ige befodABpuiThe tixecond
vol t age waveformthen undergoes a first differentiation producing a third
vol t age wavef E‘E%WPW%d%P@%%%ﬁQ@%UI se. [0044] The third vol tage
wavef orm t hen undergoes a second differentiation producing a fourth
vol t age wavef orm havi ng an enhanced negati ve pul se. The enhanced negative
pul se has a n p i t t LT t form
[ 0045] The fogﬂ“ﬁy\@;et g%%%%glygFmt %fﬁlgﬁnglgégg}g{er%&%h?rﬁ%i {;1’1?%%1” |(§ﬁi on
b oduci ng a fipkdducig!altaae vimise vk Blothliating 8SRAB BSatAcpulse!l - deri vati ve

ussi an

[0044] The third voltage waveform then undergoes a second differentiation
producing a fourth voltage waveform having an enhanced negative pulse. The

enhanced negative pulse has a narrower pulse width than that of the third voltage

waveform.

[0045] The fourth voltage waveform then undergoes a third differentiation
producing a fifth voltage waveform which resembles a first-derivative Gaussian

monopulse which in effect is a UWB pulse.

[0046] It will be appreciated that various modifications and improvements can be
made by a person skilled in the art without departing from the scope of the present

invention.



nonopul se which in effect is a UMB pulse. [0046] It w il be appreciated
that various nodifications and i nprovenents can be nade by a person
skilled in the art without departing fromthe scope of the present
invention. 10 Clains 1. Acircuit for generating an Utra-WdeBand (UWB)
pul se conprising: an initial pulse shdBing portion; a high gain-bandwidth
product transistor coupled to the initial pulse shaping portion; a DC
power suixsf or bi asing the high gain-bandwi dth product transistor; a
first differentiator, a second differentiator and a third differentiator;
wherein an input voltage waveform conprising at | east one rising edge is
input to_ the initial pulse shaping portion, causing the high

gai n- bandwi dt A\ girtfer ganerstisg an gfrltra- deBand (P&VR) pudsetcomyirisingy edge
correspondi ng to.% eu?t heast one rising edge; and differentiating the
fast falling @H&@lgﬁ’sﬁé fRIR&EPOTOBcond and third differentiators to

o1 Al pul so oReb A iy BN BRRECPIEE o B ol BT Hikoll
resi st or portion;
a DC power supply for biasing the high gain-bandwidth product transistor;
a first differentiator,
a second differentiator and
a third differentiator;
wherein an input voltage waveform comprising at least one rising edge is input to
the initial pulse shaping portion, causing the high gain-bandwidth product transistor
to produce a fast falling edge corresponding to the at least one rising edge; and

differentiating the fast falling edge by the first, second and third differentiators to

generate a UWB pulse.

2. The circuit according to claim 1, wherein the initial pulse shaping portion
comprises:
a first capacitor;
a first resistor;
a second resistor; and
a third resistor;
wherein the first capacitor is coupled to the first resistor, the first capacitor is
further coupled to the input voltage waveform, the first resistor is further coupled
to a base of the high gain-bandwidth product transistor;
the second resistor is coupled to the base of the high gain-bandwidth product
transistor, the second resistor further coupled to a diode which is further coupled to

a collector of the high gain-bandwidth product transistor, and



a second resistor; and a third resistor; wherein the first capacitor is
coupled to the first resistor, the first capacitor is further coupled to
the input voltage waveform the first resistor is further coupled to a
base of the high gain-bandw dth product transistor; the second resistor is
coupl ed to the base of the high gain-bdhdwi dth product transistor, the
second resistor further coupled to a diode which is further coupled to a
col lector of themiabsisat sblgﬁmm ghd3 d}ftHQHf}g“g JalRAPRIIM@RR prétiifdt ddndifisr (41 rd
resi stor couples the base of the high gain-bandw dth prghuct transistor to
ground. 3. Theraindcuit according to claim2, further conprising: an

i nductor coupled to the DC power supply, the inductor further coupled to a
fourth resistor which is coupled to the collector of the high

gai n- bandw dt h_product transistor, wherein the inductor serves to act as a
RF choke 3t o prid§sHeubacsauding leglaige, futhstgempisieg: DC power supply. 4. The

i it di t | ai in the first, dif tiat
i {1 or ent 1 at cdnaRerooRbEY ;e TG abvieh bl ces indfl b dmsdgaine. s
Th . it = . ) T .
i T or ent at oo SRk M Toipled WA ELTIARE TIRLRT Lol BEAMA RRet
pul se havi ng arangiktoewer pulse w dth than the sharp negative pulse. 6. The

circuit according to claiml1, wherein the third differentiator
di f f er ent i at esviehsn the inductor serves to act as a RF choke to prevent signal leakage through

the DC power supply.

4, The circuit according to claim 1, wherein the first differentiator differentiates the

fast falling edge to produce a sharp negative pulse.

5. The circuit according to claim 4, wherein the second differentiator differentiates the
sharp negative pulse to produce an enhanced negative pulse having a narrower pulse

width than the sharp negative pulse.

6. The circuit according to claim 1, wherein the third differentiator differentiates the

enhanced negative pulse to produce a UWB pulse.

7. The circuit according to claim 1, wherein each of the first, second and third
differentiator comprises a capacitor having an input end and an output end, and a

resistor coupling the output end of the capacitor to ground.

8. A method for generating an Ultra-WideBand (UWB) pulse comprising the steps:
a) providing a high gain-bandwidth product transistor;

b) providing an input voltage waveform having at least one rising edge;



enhanced negative pulse to produce a UAB pulse. 7. The circuit according to
claim1l1, wherein each of the first, second and third differentiator
conprises a capacitor having an input end and an output end, and a

resi stor coupling the output end of the _capacitor to ground. 8. A method
for generating an U tra-WdeBand (UWB) 1Bul se conprising the steps: a)
provi di ng a hi gh gai n-bandw dth product transistor; b) providing an input
vol t age wavef @) m ha¢hérgtigy a seeamt vaMage wasdfogn Bages atlehsConegRstefhllihg bdgesbysecond
vol tage waveform having at |east one fast falling edge by the high

gai n- bandwi dt h pr odbehighzamsbandwidth pradespioandisty couespordiag té dwsat leastong i si ng
edge; d) differentiating the second voltage waveformto produce a third

vol t age wavef or m H¥HEAEE%At | east one sharp negative pul se;

e)

differentiati t he,.third voltage vef.ormto produce a,fourth. voltage O
wavef or m havi :@ at didergptiaing thﬁ%ﬁﬁ(\é\'@dv‘ﬂ ﬁt‘ivﬁllvtfﬁﬁm g‘é pradichg? ﬁﬁéﬁ%@?
pul se width then t ' se; and differentiating
the fourth vol tageh,\%av\%oﬁgﬁ%§@§%g%8§%%Q}éﬁ??'?%%%\%gpt%ge wavef or m havi ng at
| east one WBepul seliff@entiififis "MBE Noigkd acEIRLE 1 WaveF@nt @l goducel Irfoligh aps i si ng
step bl) before step c): bl) shaping the at | east one rising edge of the
i nput wavef or m pr odvavefogmahdvixst &rleast i gic reghatbgé negative pulse having a narrower

pulse width then the at least one sharp negative pulse; and

f) differentiating the fourth voltage waveform to produce a fifth voltage

waveform having at least one UWB pulse.

9. The method according to claim 8, further comprising step b1) before step c):
bl)  shaping the at least one rising edge of the input waveform producing a faster

rising edge.



