1 ULTRA- W DEBAND PULSE GENERATI NG Cl RCUI T AND METHOD THEREOF Field of the
‘Invention [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. Background of the Invention [0002]
Utra-WdeBand (UAB) communi cations has; gain w despread interest in the
recent years. UWB signals may be defined as any signals wth a fracti onal
bandw dt h of greater than 20% of the centre frequency or a signal with
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whi ch are spread out over a w de smh@ﬁ?rum The wi de bandw dth nature
of UWB communi cation ensures high apacity 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 extrerrqji d%?ﬁ{etlnggi the transm ssion power is
very low. This results in extremely Tow pro %ility of causing
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of UWB signals are a Key conponent "tot UVB cati ystens.
However, presgaticuted tiedmvamibrsicidtan®d a ¢ieset o ghifrLinp ANEh WeideBshPUEWH)Y

conpl i cat ed.
pulses.

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 500MHz.

[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 sone nethods of pul se generation that
uses input waveformtriggers that needs to be carefully shaped so as to
drive the UWB generator to operate in a stable and unstable region.
However, for such nethods the input waveform needs to be very narrow and
that would involve high costs inplenenjing it digitally. [0007] There are
al so other WB generators t hat di sadvant ageously requires high trigger
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pul ses that are also simlarly unsuita ow power appli ons

[0009] It caniipuyswhefsaenetdiado bberegy Sidr®ive add B8 woRld %v%wéphfgh%ﬂsté ow
cost nethod for generating UWB pul ses that can overcone or at [east

al | evi at e t heimiplementing indestallpf the existing prior art. Summary of the
I nvention [0010] The present invention seeks an U tra-Wdeband pul se

generating circuit. [0011] Accordingly, in one aspect, the present
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breakdown 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




a first 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 produce a fast falling edge
corresponding to the at |east one risifig edge; and differentiating the
fast falling edge by the first, second and third differentiators to

generate a UWB pul.s 0012] I.n another aspect, the present enbodi nent
provi des, a m?ttﬁ’d'ﬁ d‘f?g?ljenﬁéﬂ‘]er"%hef% agnpytt Yoltagy Seamaionm aomprising s deasb e i si ng

t he st ; {di ' [ n= dw, dt duct. t Lstor;.. i di
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gai n- bandw dt h product transistor correspondi ng one rising
edge; diff er eldasedrieniping wlgspaaniifforohtiatge (eaye BORP ddde HyOHb FRst2sdcBhd thd

vol t age waveform having at | east one sharp negative pulse; di fferentiati ng
the third volthishdiffeantitorntot genpratechlU® Biptilseir t h vol t age wavef or m havi ng 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

waveformto p a fifth voltage waveform having at_ ] east one UWB
pul se. Bri ef E@ggfﬁlbt‘?‘&tlh%f asngel & WPFISRY %%Fm%rﬁ@é’fﬁi@sseﬁb&ﬁ&%?@ntforof t he
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of a system ubhihlbahdeidh phdiBcPHhRS:t8 PREAERE an input voltage waveform 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

UWB 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 dth product transistor of the UAB, pul se generator of FIG 2; [0018]
FIG 3Cillustrates an output voltage waveformafter a first
differentiatiagn in ul se generator of FIG 2; [0019] FIG 3D

{}he WB p .
i|lustrates akPW8l Bt6- ) tillgeiraies, en oinpita okiagea vwelor indo fther UN(B apulem i n

the UMB pul se ? r}eratﬁi;éI f,, FIG 2; [0020] FIG 3E illustrates an output
vol t age vavef & tf’)r? . pul se generator of FIG 2; [0021] FIG 4A

illustrates a tine domain output waveform of the output voltage of FIG
3E; and [0022] FIG 4B illustrates a frequency donmai n out put waveform of

the output veloiap®IG! 3B i ' bR 'fm?l@ 10023]
A UWB pul se ggjnergt or with sg% Ers g?gpﬁiggegﬁgiﬁnvgﬁkh% angglsl%:ér?(?rb(g. ng%ﬂe

fol | ow ng desbandwidtinprodedtaiahsis®@r ef eyWipuliOdhesedriIFIGhe 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
the details may not__be described at |l ength so as not to obscure the

i nventi on. [0018] FIG. 3C illustrates an output voltage waveform after a first differentiation in

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 gai n-bandw dt h product

transi stor. An exanple of such a transistor is a Hi gh Perfornmance |sol ated
Col l ector Silicon Bipolar Transistor ﬂP— 0405 by Hewl ett Packard having a
high transition frequency (fT) of 25 . [0025] Referring to FIG 1, an

- exanpl e of an application using UAB, nay be a comrunications system 30
where a UWB t I¢9234hiTihe epresamtemibodiment PudmeePas sinipde and/How atstr cigddRMor 12 and
a UMB pulse g atqQr 50. Data,js sent out frame b franme in the PPM 12 to
the UWB pul se é?‘&ieoge@mto‘"ﬂl‘fglzm pigh speedesveifcht othe bigh spred spdishdn the t he
data into UWB_pulses to.be transmtted. [ 0026 UWB receiver conprisjing a
PPM denodul at Bfe%i% SREPdimeRigs ﬁ[}f]glbgalﬂ'g)?’é& k%’ﬁiugt rARsistefs e nt?i‘ap‘é’i,eef’be
transmtted pul : hen the i,gnal &0 rety.ieve the
data. The ac%}gzlh :énpﬁﬁgsr%egtﬁ?a ignwgo%cen%%ﬂ%o ol Ha d%ﬁﬁ%’ulééffog "is
wel | known i nTiheisaét HBFPOXOL I ‘Ol i t he
UVB pul se generator in accor db%g@%ﬁflﬁd& %ﬁ%@ggﬁg&eﬁ%ﬁfﬁeﬁﬁﬁciﬁ@m in
FIG 2. Referof2§GHe.FIG 2, the circuit of the UWB pul se generator 50
conpri ses a high gain-bandw dth product transistor 60. For the generating
of UWB pul ses, an input voltage waveform51 is wused as input to the UNB

pul se generator 50 jr'ghe UAB_pul se generator 50 wutilizes the rapid turn-ON
charact eri st i 923 Refewring ignF &éi h- B BT pr saplkieationrusingi YWGY, 8@y be a

generate an eé&rﬁr%ungilcé{tign%ssgfstg%l 56 %ereedgﬁ\ﬁhqpa?llsmitgr Jorr]n%rfsgsl ,:Ellelillse 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 (C1l) 53 and a first resistor (R) 54 coupled in series. The
first capacitor (C) 53 is further coupled to the 6 input voltage waveform
51. The first resistor (Rl) 54 is further coupled to a base 61 of the high
gai n- bandw dt h product transistor 60. [8029] A second resistor (R2) 55 is
al so coupled to the base 61 of the high gain- bandw dth product transistor
60. The second resistor (R2) 55 is in further coupled to a diode 57 which
is further codpiuédoliageavavefdrecilor The fiodt redigton(RiD Maiis futthercbouipliet to prbastuct
transi stor 60. The di.ode 57 then serves to act as a voltage clanp to limt
the vol t age oflwfhedigh gaindiandwidthpradueidransisios68r (R3) 56 coupl es the base
61 of the high gain-bandw dth product transistor 60 to ground. The first
capacitor () 53, the first resistor (R) 54, the second resistor (R2) 55
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square wave. Referring to FIG 3A, an exanple nput vol tage “waveform

51 i n accor darcediodé 57 tihéctpisefaghér @ubRdi tB%ollla&oﬁththe[E@%D%iin&ﬁlvﬁﬂmcUi t
of the UWB pul se generator 50 further also conprises of a power supply
40 for the bi amdugt wansister 60.gRhgaliade Srition dérmesptooattias atvoltags damop tG&limit An
i nductor (L1) 58 in series with a fourth resistor (R4) 59 is COUﬁ| ed to the

col l ector 62 8t Yolaeqpighe geliastas fhavik shird yesistendR3) 5&%‘?‘@%?11361@?3 Fhef theduct or
(L1) 8 ser v gidhnaitaft o 55l BO R S’ 908k caa0RA QapYP e
the 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 (L1) 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




[ 0031] The input voltage waveform 51 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 rapjdly. As the high gai n-bandw dth
product transistor 60 switches ONrapidly, voltage at the collector 62
drops off rapidly. Referring to FIG 3B, this creates a 7 fast falling
edge at the cdisl blligedge atthe ceB@oordi2ngriesponting ng rdthgedsd of e ihpRublyg t age
waveform 51. [0032] The circuit of the UWAB pul se generator 50 further also
conpri ses of taveferm@ils f erentiators in series. Afirst differentiator is
coupled to the collector 62 of the high gain-bandw dth product transistor
60. The first differentiator is further coupled to the second
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hi gh gai n- bandw dt h product transistor ut end coupled to
ground via a hightdaid-B&idwWi@th pfddnct! &ansiir B ONthe @irdi§ STRRIKALP s GRARL S€S a
third capacitor (C3) 73 having an input end coupled to the output end of
the second capawpledoio th€Xpcord, diffxdntiditer. o Thp ecaidddi¢fotipliedr o coplaupdiiel a a
sixth resistor 74, The third differentiator conprises a fourth capacitor
(C4) 75 havi nthird differgatiaday coupl ed 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

differentiati f0033] The first differentiator comprises a second capacitor (C2) 71 having an

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 voltage waveformafter a second
differentiation at vc2 produci ng the enhanced negative pulse is shown.

[ 0036] Thi s enhanced negative pul se having a snaller pulse width is then

i nput into twWavelpm gfter 4 thirdediffeaantiatipn atiucd prgduwmgd B W pulsRd showmg t 0
FIG 3E, the ¥ I 8. waveformafter a third differentiation at vc3
produci ng t he ﬁﬁ/ﬁﬁ Ipéléseilgo‘g‘}?ﬁ%s. outpheat| s opiput eng pb thecloyrth capasitouCAt t he
out put end of ;£ he fourth capacitor (C4) 75. [0037] Referring to FIG 4A, a
time domai n wavef orm 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 waveform of the UWB pul se produced is shown. [0038] The present WB

pul se gener at @o3fOR &M BFEGUSA Ya liRWRIORal \BaveitinSorQfie %@é&ﬁkﬁd&é\@@
I e pul se

pul ses. Furthernore, |ess power 1s also consunmed by th

gener at or 50. bylthedJWB mudéd gonerhtdryst dfahd pgRegainibodanshitiisl sy val, ORBfefring to
transistor 60 being ON only when an i nput waveformis received. [0039] In
addi tion, theFlGnEBpaificquensyatoatain wasefden ofithe A WBrrdseqmodived icthamact eri sti cs
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

different i npfd&,,gj\ﬂﬁ?g Brregesnttﬁﬁ}%?pﬁll%ee dg'enerator 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=1.8pF 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 Chm 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 nethod. The nethod in accordance with the present enbodi nent
then uses a high gai n-bandw dth product?transi stor 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 further involve the shaping of the first voltage waveform

causi ng the af00Hehdheangthed siaygfuehereinyolvintheeshapingstfahe firs ivoliagedgevebefror e
input to the high gain-bandw dth product transistor 60. [0043] The second
vol t age wavef B?W%gkgﬁgﬁ af, et Qpsedsing edgede have p &stasising eslee befordmoihip thet hi r d

vol t age wavef ving a.sharp negative pbulse. [0044] The third voltage
Waveformthenmt’%g](%?rb%aérgiv‘gd@é’&ﬁﬁﬁ PEEPENE i ation producing a fourth

vol t age wavef orm havi ng an enhanced negati ve pul se. The enhanced negative
pul se has a narrower pulse width than that of the third voltage waveform

[0045] The fopouy TaEt 3@8ndaVEIERE MyaREBmY "BRH gﬁxl?&rﬁ)eg hi T gsfli GikRfeRidgat | on

producing a fifth voltage wavef orm which resenbles a first-derivative
Gaussi an producing a third voltage waveform having a sharp negative pulse.

[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 Claims 1. Acircuit for generating an Utra-WdeBand (U)VB)
pul se conprising: an initial pulse sh |ng portion; a high gain-bandw dth
product transi stor coupled to the init pul se shaping portion; a DC
power Efly for biasing the high gain- bandmndth product transistor; a
first di ~taP&ntiator, a second differentiator and a third dlfferentlator;
wherein an input voltage wavef orm conprising at |east one rising edge is
input to the initial pulse shaping portion, causing t he high

gai n- ban wi dt ct tra Si st st falling edge
cor respondl ng‘lz‘tcg ﬁ Oragten?r ﬁ@f%%ﬁ%&f’g@m © COMPFigNgnt i ati ng t he
fast falling Qggﬁzﬁéukggh%%gf%xﬁﬁﬁcond and third differentiators to

generate a Ircuit according to claim1, wherein the

Ir gls;[ Isftalor pul sea ﬂﬁgpgﬂﬁ—bﬁﬁd\ifidﬂ{‘ préQITRT SR fstor? cSupi®t & ARACGHIAI pulR HabRlb
portlon;

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:
- afirst 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
coupled to the base of the high gainfbfgdmﬁdth product transistor, the
second resistor further coupled to a diode which is further coupled to a

collector of t is I .dt ' : ird
resi stor coupl gget eﬁgggtgpgﬁa@géé\ﬁﬁi%@gﬁ@g%ﬁg@@@%ﬁg@%r&gﬁéﬁ%op to

ground. 3.grdlxl.circuit 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- bandvx)a' dt h produc nsistor, ,so that the. inductor is operable as a

t
RF choke t0 pre ﬁ‘ﬂxc‘é’{tﬂ?@rf lpgé%calﬁ'éﬁg FHOMPEEE power supply. 4. The
circuit accor digGinfg6 @6\{%{:’ 1oV gtnp&p@r gdgéﬁlé éﬁjéamdﬁf:t%f'tfhﬂé? rcougleg fpa o

differentiates the ftast I'ng edge to pr sharp negativ

The ci r cuifourntic eesistomevhich & adbupléd toviike @blledtdreof @0 highdgdih-dardwidid @roduct
differentiates the sharp negative pulse to produce an enhanced negative
pul se havitrgsistopzethatdhe indneter isgpgrable aemRF Iehokshigrpyeveny sighaldeakage throwgh The
circuit a(iﬁoggj rzﬁ\?to claim5, wherein the third differentiator

di ff er ent itAt 85 ROYET WA nced negative pul se to product a UB pul se.

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 5, wherein the third differentiator differentiates the

enhanced negative pulse to product 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;




7. The circuit according to claim1, wherein each of the first, second and
third differentiator conprises a capacitor having an input end and an

out put end, and a resistor coupling the output end of the capacitor to
ground. 8. A nethod for generating an U tra-WdeBand (UWB) pul se conpri sing
the steps: a) providing a high gain- bagdwi dt h product transistor; b)

provi ding an input voltage waveform havi'ng at | east one rising edge; 12 «c¢)
generating a second vol tage waveform having at |east one fast falling edge
by the hi gh g#& n- b&soskiinga secontlivaltage savefoto haing atdegsborti fast fbling ledgedthy | east
one rising edge; d) differentiating the second voltage waveformto produce
athird voltage wd EPmaRAndyidth Predust trapsistasisartpsheadiag ity thepaf| laast org
differentiating the. third voltage waveformto produce a fourth voltage
wavef or m havi ng at nISIé1§§flge(bne enhanced negative pul se having a narrower

pul se width t Hgn t Qﬁf&&nﬂaﬁﬁ%%{x@ %@coﬁﬁa(f&ggg%@%\ie\fo%rpgéusgé%&n?? Itﬁirc\i/ 5 Q[Itg%ee

differentiati the tourt tage wave 0 pro
wavef orm havi ng at waRaftmdaein leﬁéﬂo‘h%-sheﬂp n&kﬁiv hRed according to claims8,
further conprising step b 1) before step ¢): b I') shaping the at |east one

ri sing edge o) t he diffiperitiaviny etherthiirfr osltage Ngavefdras te producsi AFoedl evoltage
waveform having at least one enhanced negative pulse having a narrower

pulse width then the at least one sharp negative pulse; and
1) 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.




