APPARATUS AND METHOD FOR GENERATI NG A MONOCYCLE Field
of the Invention The present invention relates to

wappsaneres and nmet hods for generating a nonocyriB$GH003/000128

use, for exanple, in Utra Wdeband (UAB) systens.
Background of the Invention Utra Wdeband (UWB)

t echnol ogy, which is useful for both communication and
sensing applications, is based on very short pul ses
and tinme domain signal processing. A very conmonly
used pulse in UAB systens is the nonocycle and as the
nmonocycle's width determ nes the bandw dth, a narrow
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period (a space). The characteristics of the pulse are

changed to represent the data. Figure 1 shows
cﬁéﬁgﬂmm_ﬂw f v i on nodul ation where the
position of the pulse is either advanced or del ayed

; HRFH \VRicBBARY (PATES "éclé’é_hpr[?g%%ﬁ%%ﬁ% @eﬁmnﬂasalbotﬁi&jmygicaﬁon

OWs conventiona nodul ati on of the pul se

r epd essmsing hpplisationls, i3 habedwreyety shart2pylsepeand time domain

di stance between the peaks of the vef or. rLepre S .
REMALPCREARSHE | A O h RN Sa e YA STSEMS is the
apiInoe b &g ad thd monBRfdlati wigith Béferinfifesphbandvddth, iasnarrow
low to" permt nore pulses to be transmitted in a given

ppuisedviditfismeiopseary foy prasiusingaap ult@ewidebged sighiadd, t he
energy nmay be spread over a wi de frequency band.

There are several methods of generating pulses and devices used for pulse

generation include, for example, tunnel diodes, avalanche transistors, and
step recovery diodes (SRDs). In Ultra Wideband (UWB) applications, each
pulse may represent a symbol. In a typical UWB application, the pulses are
followed by a silence period (a space). The characteristics of the pulse are

changed to represent the data.

Figure 1 shows conventional pulse position modulation where the position of
the pulse is either advanced or delayed from its mean position to represent a
symbol. Figure 2 shows conventional bi-phase modulation of the pulse to
represent the symbol. In Figures 1 and 2, the distance between the peaks of

the waveforms represents the pulse repetition period.

For high data rate applications, it is imperative that the pulse width is low to
permit more pulses to be transmitted in a given period. If only one cycle of a
pulse is generated, the energy may be spread over a wide frequency band.

Also, the data rate may be improved as the silence period is larger and so



Al so, the data rate may be inproved as the silence
period is |larger and sonore pul ses may be transmtted,

w0 moe/aizgéven duty cycle, by nultiplexing ot herpCT/SG2005/000128
channel s. One conventional way of generating very
narrow pul ses is to use Step Recovery D odes (SRDs).
Al t hough there are many fast square wave pul se
generators comrercially avail @ble, there are few high
speed nonocycl e generators. Mpnocycles may be
generated by twice differentiating the rising edge and
falling edge of square pul ses using differentiators or
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are a nunber of further problems with this approach.
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edge produces a negative impulse. One more differentiation produces a
monocycle. Whilst passive resistor and capacitor elements may be used for
the differentiation, the amplitude and the pulse width of the resultant
monocycle depends, to a large extent, on the rise time and the fall time of the

signal.

There are a number of further problems with this approach. Firstly, circuits for
generating signals with fast rising edges with rise times of the order of tens of
picoseconds are needed and such circuits or commercial instruments are
generally expensive and not economical for low cost applications. Secondly,
for every monocycle generated by the rising edge, a 180 degrees phase
shifted monocycle would be generated by the falling edge. This reduces the
flexibility of this approach. Thus the generation of sub-nanosecond
monocycle bulses with pulse repetition rates of up to 1 GHz using low cost

circuitry is very desirable.



nonocycl e pul ses with pulse repetition rates of up to

1 GHz using low cost circuitry is very desirabl e. Most
wamogenvdonal nonocycl e generators use | unped FRIRSGA008000128

instead of distributed el enments and thus are nore

expensi ve and | ess repeat abl e due to conponent

tol erances. A nunber of alternative conventiona

nonocycl e generators use seversal active devices in the

circuit. For exanple, in the systemdescribed in the

docunment by Jeong Soo Lee, Cam Nguyen and Tom Scul |i on

entitled "New Uni pl anar Subnanosecond anocycle Pul se
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cation by Jeong Soo Lee, Cam Nguyen and
Toranscutles (amd higher pulse repetition rates are attempte in systems using

SRD circuits for generating sub-nanosecond monocycles.

The method described in the document by Jeong Soo Lee, Cam Nguyen and
Tom Scullion in the document entitted “New Uniplanar Subnanosecond
Monocycle Pulse Generator and Transformer for Time-Domain Microwave
Applications”, June 2001 IEEE Transactions On Microwave Theory And
Techniques, Vol. 49, No. 6, pp 1126-1129, combines two Gaussian pulses to
produce a monocycle. The two Gaussian pulses are 180 degrees out of

phase and have a time delay between them.

Figure 3 shows the circuit for generating a monocycle according to the above
mentioned publication by Jeong Soo Lee, Cam Nguyen and Tom Scullion.
The circuit is driven by a local oscillator 1 which supplies 10MHz square wave
signal to the anode of an SRD diode 2. The cathode of the SRD diode is
connected to a 50 Ohm short circuited transmission line 3 and to the anode of
a Schottky diode 4. The cathode of the Schottky diode 4 is connected to a
capacitor 6 and to a resistor 8. The resistor 8 is earthed. The capacitor 6 is



The circuit is driven by a local oscillator 1 which
supplies 10WMHz square wave signal to the anode of an
wEsRDy/di2oete 2 . The cat hode of the SRD di ode i PCT/SG2005/000128

connected to a 50 OGhm short circuited transm ssion

line 3 and to the anode of a Schottky diode 4 . The

cat hode of the Schottky diode 4 is connected to a
capacitor 6 and to a resistor 48. The resistor 8 is
earthed. The capacitor 6 isconnected to two further
transm ssion |lines 10, 12, one of which is term nated

12 and the other of which is short circuited 10. This

TEARRS0R % WS sEhRANAN AESOR NI AR 1RUbRE ottty iEfhrminated

Fup tanartherothert dfavhisie |so§hc5tbm¢mtep th.odes to | i mt t he
ringing effect adds to the cost of the pulse

ATt s ohS diadeniRae AERfa Rules ey e iRtth of the
UnidMogD@e RURBBOHRC 1S0npieMt! eFift&tdrenené e dRdchottky

Transformer for Tinme-Domain M crowave plicati ons'

J divele200 IimMithE ringing affectarsisda the cosiweftbe Triss generator.
Techni ques, Vol. 49, No. 6, pp 1126-1 129, also

d rj PHl, S 0 I r i ' :
C55 LS AEH) R SBRCHE, CoRPRUFEEATand YL IRET i e
ogbtliment t eg'&tlléder héeWh LUJmplariaortSuﬁnaoosemhd Monocycle Pulse
transm ssion line Howe e convert j
nSansiptenced 1@ngfqrnerifer %Hﬁ?éé@“ chéwgpg%l rﬁaaé"’ June
' éob? IBEE Tﬂaﬁgéétléhsoeh%ﬂlcg&ﬂﬂ@q'ﬁéorﬂ Nn@ﬂ@chﬁfqu@‘s' 96l. 49, No.
docunent, entit U tra-Wdeband
UBt pp-13126¢ 1 126 radsxy descrihgss pasedpanonosyde cepverrterd This differs

ﬁr@%%rcﬁ?&%ﬁ@g@% o?%?&ﬁ%é “%%ﬁfg i §m‘?§%qo ngillh@r:'@lth the
N@hor@ circOfte® BandAfssidh S BEMMHowedss eié Bervartst rdauitbs issnarrow

lustrated in Figure 4. The circuit includes a square
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an SRD 16. The cathode of the SRD is connected to a

Zﬂg %ogr#ércb’l’éé rt tiy e Sieggt.lédl nR L8wADfrflWBeband "Bitra-Short
Monocycle Pulse Generator With Reduced Ringing”, Jeongwoo Han and Cam
Nguyen, June 2002, |IEEE Microwave And Wireless Components Letters,
Vol.12, No. 6, pp 206-208, a system is described and which is illustrated in
Figure 4. The circuit includes a square wave generator 14 which is connected
to the anode of an SRD 16. The cathode of the SRD is connected to a short
circuited transmission line 18 and also to the anode of a Schottky diode 20.
The cathode of the Schottky diode is connected to a terminated transmission
line 22 and to a capacitor 24. The output of the capacitor 24 is connected to
the. cathode of a further Schottky diode 26, the anode of which is earthed. The
output of the capacitor 24 is also connected to a resistor 28 and to a further
capacitor 30, the output of which is earthed by a further resistor 32. The
output of the resistor 28 is connected, via a further capacitor 34, to ground. A
voltage source 36 is connected across the capacitor 34. The SRD 16

produces a Gaussian pulse and the resistor 32 and capacitor 30 form a high



The cathode of the Schottky diode is connected to a
termnated transm ssion line 22 and to a capacitor 24.

wortee/ozrgput of the capacitor 24 is connected tRCT/$G2005/000128

cat hode of a further Schottky di ode 26, the anode of
which is earthed. The output of the capacitor 24 is
al so connected to a resistor 28 and to a further
capacitor 30, the output of wgch is earthed by a
further resistor 32. The output of the resistor 28 is
connected, via a further capacitor 34, to ground. A
voltage source 36 is connected across the capacitor
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anode of a Schottky diode 46. The cathode of the Schottky diode 46 is
connected to an earthed resistor 48 and also to a capamtor 50. The output of
the capacitor 50 is connected to a short circuited transmission line 52 and to
the input of an MMIC amplifier 54. The output of the MMIC amplifier 54 is
terminated in a resistor 56 which is connected to ground. The MESFET 44 is
used as an impulse-shaping network and it enables the circuit to achieve
higher pulse repetition frequencies of up to several hundreds of mega Hertz.
However, the use of the MESFET 44, and the Schottky diode 46 add to the

cost of the system.

United States patent no. 4,442,362 describes a short pulse generator using
an SRD. A plurality of capacitors are charged in parallel and then connected
in series by a plurality of avalanche transistors to obtain a voltage which is
substantially equal to the sum of the capacitor voltages when charged. The

series coupled capacitors are then coupled, via an output avalanche



the capacitor 50 is connected to a short circuited

transm ssion line 52 and to the input of an MM C
wampb/if2rexr 54. The out put of the MM C anplifi erC13%1G21085/000128

termnated in a resistor 56 which is connected to

ground. The MESFET 44 is used as an inpul se-shaping

network and it enables the circuit to achi eve higher

pul se repetition frequencies @& up to several hundreds

of nmega Hertz. However, the use of the MESFET 44, and

the Schottky diode 46 add to the cost of the system

United States patent no. 4,442,362 describes a short

pul negr t
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capacitor 72 to ground and via a resistor 74 to a further power supply (not
shown). This system produces narrow pulses at high frequency but does not
itself produce a monocycle. The main disadvantage of this system is the high

cost of the system.

Thus, there is a need for a low cost monocycle generator preferably capable
of generating sub-nanosecond monocycles with pulse repetition frequencies

in excess of 1 GHz.

Summary of the Invention

In general terms, the present invention proposes an apparatus and method for
generating a monocycle comprising an SRD together with elements for pulse
generation, the impulse generated being double differentiated to generate the
monocycle. This is particularly advantageous as it makes the apparatus

simple and cheap to use and easily reproduceable.



out put 70 of the system The anode of the further SRD

68 is connected via a capacitor 72 to ground and via a
WO B®6/$12092 74 to a further power supply (not sheeWI§G2005/000128

Thi s system produces narrow pul ses at hi gh frequency

but does not itself produce a nonocycle. The main

di sadvantage of this systemis the high cost of the

system Thus, there is a need#for a | ow cost nonocycle

generator preferably capable of generating

sub- nanosecond nonocycles with pul se repetition

frequencies in excess of 1 GHz. Summary of the
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According to a first aspect of the present invention
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to receive said input signal and produce an inpul se,

said step recovery di ode. havi an i, nput , and an. . .
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nonocycl e. According t0 a second aspect of the present
invention there is provided an Utra Wdeband system .
cHepeiding ¢o ehsecgshasped efcihenigsgpbifwention there is provided an

Ultra Wideband system comprising the apparatus defined above.

According to a third aspect of the present invention there is provided a system
for producing multi-band signals comprising the apparatus defined above, the
apparatus having an output, the system further comprising one or more band
pass filters having associated inputs and outputs, wherein the output of the
apparatus is connected to the inputs of said one or more band pass filters,
said system further comprising one or more modulators, each modulator
having an associated output, said one or more modulators being arranged to
modulate the outputs of the band pass filters, and said one or more
modulators being arranged such that séid outputs of said one or more

modulators are combined to produce a multi-band ultra-wide band signal.

According to a fourth aspect of the present invention there is provided a

method for generating a monocycle comprising:

providing an input signal from an input signal source to a step recovery
diode; '



According to a third aspect of the present invention
there is provided a systemfor producing nulti-band
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appar atus havi ng an output, the systemfurther
conprising one or nore band pass filters having
associ ated i nputs and outputs, wherein the output of
the apparatus is connected toghe inputs of said one
or nore band pass filters, said systemfurther
conprising one or nore nodul ators, each nodul at or
havi ng an associ ated output, said one or nore
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bei ng arranged such that said outputs of said one or

nmor e nafereitistihgasid tpise ewicedo produtea anonddyicldband
ultra-w de band signal. According to a fourth aspect
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or nore outputs;

(b)  applying said monocycle as an input to one or more band pass

filters, said one or more band pass filters having one or more outputs;

(c) modulating said one or more outputs of said one or more band
pass filters using one or more modulators to produce one or more modulated

output signals; and

(d)  combining said one or more modulated output signals to

produce a multi-band ultra-wide band signal.

Preferred embodiments of the invention provide a very low cost solution for
generating sub-nanosecond monocycles with pulse repetition frequencies in

excess of around 1 GHz.

Preferred embodiments of the invention do not require expensive circuitry for
generating fast rise/fall time pulses. Furthermore, as the component count in
preferred embodiments of the invention is lower than in conventional

monocycle generators, and preferably only a single active element (an SRD)



(c) nodul ating said one or nore outputs of said one or
nore band pass filters using one or nore nodul ators to
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conbi ning said one or nore nodul ated output signals to
produce a nulti-band ultra-w de band signal. Preferred
enbodi nents of the invention provide a very | ow cost
solution for generating sub-nagnosecond nonocycles with
pul se repetition frequencies in excess of around 1
GHz. Preferred enbodi ments of the invention do not
requi re expensive circuitry for generating fast
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pulse to represent a symbol;

Figure 3 is a circuit diagram of a conventional system for producing

monocycles;

Figure 4 is a circuit diagram an alternative conventional system for producing

monocycles;

Figure 5 is a circuit diagram of a further alternative conventional system for

producing monocycles;
Figure 6 is a circuit diagram of a conventional pulse generator;

Figure 7 is a circuit diagram of a system for producing monocycles according

to a first embodiment of the present invention;

Figure 8a is a waveform produced by the SRD of the circuit shown in Figure
7;

Figure 8b is a simulated waveform showing output pulses produced by the

circuit of Figure 7;



nonocycl es; Figure 5 is a circuit diagramof a further

al ternative conventional system for producing
wometyedes; Figure 6 is a circuit di agram of RBCT/SG2005/000128

conventional pul se generator; Figure 7 is a circuit

di agram of a system for produci ng nonocycl es accordi ng

to a first enbodi nent of the present invention; Figure

8a is a waveform produced by the SRD of the circuit

shown in Figure 7; Figure 8b is a sinulated waveform

show ng out put pul ses produced by the circuit of

Figure 7;Figure 9 is a neasured wavef orm show ng
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peeclicofEigomnpcycl es according to a second enbodi ment
of the present invention; Figure 11 is a sinulated

vef or m.show n ut put pul ses d d.by th [ it .
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Figure 13 is a circuit diagramof a systemfor

produci ng nonocycl es according to a third enmbodi nent
ofigune 1dr iss ersimutated twaveform gilowing quipyt pidses grasluced by the

pr by the SRD in the circuit shown in Figure 13;
FF@%@S@:S'B}X? lgs’si mul at ed wavef or m show ng out put

pul ses produced by the circuit of Figure 13; Figure 16
| Fiqureeids isr @ dmeaswkdr wagdfomn nghowin @ wutputl pelsepmodduest! by the

by. t
%irctﬂteof Figure 10;

Figure 13 is a circuit diagram of a system for producing monocycles according

to a third embodiment of the present invention;

Figure 14 is a waveform produced by the SRD in the circuit shown in Figure
13;
Figure 15 is a simulated waveform showing output pulses produced by the

circuit of Figure 13;

Figure 16 is a measured waveform showing output pulses produced by the

circuit of Figure 13;

Figure 17 is a circuit diagram of a system for producing monocycles according

to a fourth embodiment of the present invention;

Figure 18 is a simulated waveform showing output pulses produced by the

circuit of Figure 17;

Figure 19 is a circuit diagram of a system for producing monocycles according

to a fifth embodiment of the present invention;

Figure 20 is a simulated -waveform showing output pulses produced by the

circuit of Figure 19;



circuit of Figure 13; Figure 17 is a circuit diagram
of a system for produci ng nonocycl es according to a
wd zostite7enbodi nent of the present invention; RQU$&008000128
is a sinulated wavef orm showi ng out put pul ses produced
by the circuit of Figure 17; Figure 19 is a circuit
di agram of a system for produci ng nonocycl es accordi ng
to a fifth enbodi nent of the pfesent invention; Figure
20 is a sinul ated wavef orm showi ng out put pul ses
produced by the circuit of Figure 19;Figure 2 1 is a
circuit diagramof a systemfor produci ng nonocycl es
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and Figure 23 is a schematic circuit diagramof a

system for praduci ng nongcycl es accor di to a seyent
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show convéntional circuits for producing nonocycl es

and/or pul ses and associ ated waveforns. These circuits
hiigureedd deser sthamatioverduit tdirgrBat kefr GurkystemTiier producing
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be explained with reference to Figures 7 to 23.
PpDeitsildE DestFiptionedt BreférredeE mboelivnients r el ate to the
generation of narrow nonocycles using step recovery

di odes (SRDs). These nonocycl.es ar itahle f Ul
W isbahd i ?'&%Wi‘%ﬂﬁ’%’?”ﬁ?ré%/'e‘?'%‘l't?,fgf g0 @%Bﬁifngﬁ?%ﬁésaa"d/m

t Eﬁ|sie§‘é‘?\'atés%%cl%§@v¢é%8fd?ﬁwst. hehdRV@rcifts 'hav8\HIeh described above
p SRD to

enonenon of the
in the Background of The Invention section.

The methods and devices which illustrate preferred embodiments of the

invention will be explained with reference to Figures 7 to 23.

Preferred embodiments of the invention relate to the generation of narrow
monocycles using step recovery diodes (SRDs). These monocycles are
suitable for Ultra Wideband applications. Preferably, the embodiments of the
invention make use of the reverse recovery phenomenon of the SRD to
generate fast transitions, and preferably use distributed microstrip elements to

generate very narrow monocycle pulses from these transitions.

The SRD has the ability to store charge and to change impedance levels very
rapidly. During the forward biased condition, the SRD conducts and stores
the charge. When the biasing changes from the forward biased condition to
the reverse biased condition, the SRD conducts for a very short duration until
the stored charge is removed, after which the diode no longer conducts. This
transition from the conducting to the non-conducting state is extremely fast, in

the range of a few tens of picoseconds.
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circuited
The resistor 88 also provides a DC path for the SRD 80. The short circuited
transmission line 96 is used as an inductor and this transmission line and the
distributed capacitor 92 act as differentiators. The resistor 100 represents the

load resistance.

The output of the SRD 80 is fed to the pulse-forming network comprising the
transmission line 96 and the capacitor 92 which each act as a differentiator to

generate impulses and monocycles.
The output voitage of a differentiator is given by:
Vout = T dVin/dt
where Vout = the output of a differentiator

Vin = the input voltage, and
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| oad resistance. The output of the SRD 80 is fed to
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line 96 and the capacitor 92 which each act as a

differentiator to generate i npgl ses and nonocycl es.

The out put voltage of a differentiator is given by:

where Vout = the output of a differentiator Vin = the

i nput voltage, andT = the tine derivative coefficient

Thus, the differentjat OVRT fast transition

of the SRD out put%nT %oﬁégpu?'géﬁvéﬁééﬁg's?ﬁof t he SRD

output after differentiation beconmes negligible. The

sTatemhd differertiatorsi coriegiuthe fastrinangitioar aft then SR wutput into a

sy trical nmopoc s of wdths_|es hap around 300.
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of the SRD 80 in the circuit of Figure 7 is shown in

Firger @y8em t Mestraiedl S8 Faure formieg aknardlel highly asymmetrical

shown i'n Figure 8a. The circuit shown in Figure 7 has

bewmosyelgs f addihsiless hgn araund S8R ms wigh asaligbleinaiag.

Desi gn Systenms (ADS) and the pul se obtained after

siaul ati . . i ' . i 4

7 TE¥; Bhtelthrh 3 R LR o o SROY B0 1B e Jr P8R 9 shown

i in Figgre 8adtheTihputsebeinglfernped ata geirdriabsshonhin digureBa.

was fabricated on 32m | Duroid substrate with a

diel ectri,c constant of 38., The .SRD .80 used S L

VBB 23 CLH GRS TVEEEE 7155 BREDCSMAfRIOHULY AREt Teggnologies

NMREEarkal NBedgP &F5tentd CADS) af@Mblel paisEBEbialirsr arer sirhulation is

w |l be seen that the neasured pul se obtained fromthe

sybowm inf Figuger&b.7 Hhae ayeodl wesnalse fabrcatad arditested and the
arr‘ndea y ile?seD # tsﬁo@ﬂdinhﬁl‘au?e ‘5' dt‘ll?meoﬁno%%gyag' pulse generator of
Figure 7 was fabricated on 32mil Duroid substrate with a dielectric constant of
3.38. The SRD 80 used was MP4023 from M/s Mpulse Microwave. The
measurement was made using a 50GHz Digital Sampling Oscilloscope. It will
be seen that the measured pulse obtained from the system of Figure 7 has
good symmetry on the positive and negative parts and has a width of 260 ps.
The amount of ringing is very low and is acceptable for most practical
systems. The pulse repetition rate of the monocycle shown in Figure 9 is
250MHz. It was found that the pulse generator is capable of generating
monocycles at a repetition frequency in the range of around 10MHz to around

1GHz.

Figure 10 is a schematic circuit diagram of a system according to a second
preferred embodiment for generating narrow monocycles. The circuit of
Figure 10 differs from the circuit shown in Figure 7 in that it omits the lumped

passive resistor 88 and has a single SRD and distributed Microstrip elements.
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. € capaci S termnate
r SR8 I catimdet beithe SRDN3D iefalsheanasicttdoto EOdistributed

i s connected ground. I n the circyit, of .Figyre 10,.

t FRPRRIE AL henadtatt B#hﬁe“gﬁwﬁw 915 PTMiRRIPd AT Afigbistor 100.
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ditferentiated once by the second transmission |ine

102 which acts as a shunt inductor and the resultant

pin he ciscwlt Of Eigime| Y, dbe apenacysle gereration heginsewith an impulse

CHRAGS HiRdt fgrzmeJIW tY%%"sefszréB. This impulse is differentiated once by the
second transmission line 102 which acts as a shunt inductor and the resultant
pulse is differentiated again by the distributed capacitor 92. The waveform

seen by the load (resistor 100) is thus a monocycle.

The circuit of Figure 10 was simulated using Agilent Technologies’ ADS. The
simulated result is shown in Figure 11. The simulated pulse width was about
250ps and the pulse repetition frequency was 250 MHz. However, the pulse
repetition frequency may be increased to higher frequencies without affecting
the performance. By changing the length of the second transmission line 102
which is acting as a shunt inductor, the inductance may be varied to adjust the
shape of the monocycle. Thus, in the circuits of Figures 7 and 10, at least
one transmission line is used as an inductor rather than a delay line, which is

in contrast to prior art systems.

The circuit of Figure 10 was also fabricated on 32mil Duroid substrate with a

dielectric constant of 3.38. The measurement result is shown in Figure 12.
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Thus, the circuits of Figures 7 and 10 provide two low cost, high performance

circuits for monocycle generation. The circuit of Figure 7 provides very good
performance whilst using two lumped elements in the circuit, namely an SRD
and a shunt resistor. The circuit of Figure 10 allows for an even lower cost
implementation by using only one lumped element, an SRD, in return for a

very small sacrifice in performance.

The circuits of Figures 7 and 10 may be used to achieve pulse repetition
frequencies in excess of 1 GHz. The circuit of Figure 7 may enable the
generation of highly symmetrical monocycles of widths less than around 300
ps with negligible ringing. The circuit of Figure 10 sacrifices a very small
amount of performance in return for a cut in the cost of fabrication. The use of
purely distributed components in the circuit of Figure 10 also increases the
repeatability in the performance of the circuit. This will be a major advantage

in mass production.
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The circuit of Figure 13 comprises a signal source 76 connected to the anode
of an SRD 80 and the cathode of the SRD 80 is connected to a first terminal
of a resistor 88 which provides a DC path for the SRD 80. The other terminal
of the resistor 88 is connected to ground. The cathode of the SRD 80 is also
connected to the input of a lumped capacitor 110 and the output of the
capacitor 110 is connected to a first terminal of a lumped inductor 112 and to
a first terminal of a load resistor 100. The other terminal of the inductor 112

is connected to ground, as is the other terminal of the load resistor 100.

In the circuit of Figure 13, the monocycle generation begins with an impulse
that is first formed by the SRD 80. This impulse is differentiated by a second
order inductor capacitor differentiator comprising the capacitor 110 and the

shunt inductor 112 to produce the monocycle. The waveform seen by the
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elements of the circuit illustrated in Figure 13 which
correspond exactly to elenents in the circuit shown in
Figure 7 are allotted the sane reference nunerals. The
circuit of Figure 13 conprisegya signal source 76
connected to the anode of an SRD 80 and the cathode of
the SRD 80 is connected to a first termnal of a

resi stor 88 which provides a DC path for the SRD 80.

Bt Siare ISl ve % e B 586, kel B FARATELFERY e SR

t 8@ id sidivn @f Fydreémaed capacitor 110 and the output of
the capacitor 110 is connected to a first term nal of

unped, |nductor 112 and to fi.rst term nal of.
" phel Gredit Sl digas013 Fras BIHReRar TG AoE TeianpRggerAPS. The

1%%1%5&6 Etlseghct)\ﬁngﬁ e 5 Tﬁe%h’ﬁu%i&??uh%ﬁﬁ?dﬂ@bvas about

resi stor In the circuit o ure

t D80 wermnﬂythbq)tgmmpﬁtlruon fl@qgensy wiasi28MHzoul se t hat
is first formed by the SRD 80. This inpulse is

TP GTENR B B o RS A (A ales 31 ) i HRE b plate with o
shiemctiiddoasaht 513.38) PTiRE useadurement ey rs sh'Ehm in Figure 16.
wavef orm seen by theload resistor 100 is th

mbhe s e reprittionaveauaney pratdel Vbl @rm;t@qm%qﬁqrgd pulse width

S e 14. The circuit of Figure 13 was
u’g%é’t%&%ggfb{?g Agi | ent Technol ogi es’ ADS. The

simulated result is shown in Figure 15. The simnmul ated
pEIgmee wvi7disha veach eaadict cigsit gisgeamd of bee spsiiese acepesting itora further

euen The. circuit .of . Fi rel
Eira e BRE 539 i85, e ieit Al H0fiq 7oa- Flowever, in
dtrﬁJ SrdUit 61 FRNRS ant tHY dBtrivdited BEpAGRTY O2LORINe EiRsuM &f FF|§ure 10
shown in Figlre 16. The pul se repetition frequency wa

2B0repacethdyt helumnes cegagitarstl4amdna lumped shunt mductor 116
replaces the distributed inductor 102.  The lumped shunt inductor 116

provides a DC return path for the SRD 80.

The circuit of Figure 17 comprises a signal source 76 connected to the anode
of an SRD 80, the cathode of which is connected to a first terminal of a
lumped inductor 116 and the input of a lumped capacitor 114. The second
terminal of the inductor 116 is connected to ground and the output of the
capacitor 114 is connected to a load resistor 100, the other end of the resistor

100 being connected to ground.

In the circuit of Figure 17, the SRD 80 generates a sharp voltage transition
which is differentiated by a second order inductor-capacitor (L-C) differentiator
comprising the capacitor 114 and the inductor 116, to produce a monocycle

across the load resistor 100.
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However, in the circuit of Figure 17, the distributed
capacitor 92 of the circuit of Figure 10 is repl aced
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terminal of the load resistor 100 being connected to ground.

The circuit of Figure 19 was simulated using Agilent Technologies’ ADS. The
simulated result is shown in Figure 20. The SRD 80 generates a sharp
voltage transition and this is differentiated by the first differentiator comprising
the capacitor 118 and the resistor 120 to produce the impulse and by the
second differentiator comprising the capacitor 122 and the resistor 100 to

produce a monocycle.

A further preferred embodiment of the invention is shown in Figure 21. In this
embodiment, two first order differentiators are used but the lumped capacitors
118 and 122 of the circuit of Figure 19 are replaced by distributed capacitors
124 and 126.

The circuit of Figure 21 comprises a signal source 76 connected to the anode
of an SRD 80, the cathode of the SRD 80 being connected to a resistor 88
which provides a DC return to ground. The cathode of the SRD 80 is further

connected to the input of a distributed capacitor 124, the output of the



the input of a |unped capacitor 118, the output of the
| unped capacitor 118 being connected to a first

wo Boeiread2 of a resistor 120. The ot her tern natC$GIbT000128
resistor 120 is connected to ground. The output of the
capacitor 118 is connected to the input of a further
capacitor 122. The output of the further capacitor 122
is connected to a first term pgal of a | oad resistor
100, the other term nal of the |oad resistor 100 being
connected to ground. The circuit of Figure 19 was
simul ated using Agilent Technol ogi es’ ADS. The

SEAMAGE 2 Bl bOnR0Red bl i TRl T8, REEP 120, The

_ vol'tage ron andt
dbédsreteirmirist of e tduistbr 120 igicdriroted taag@undonphesiutput of the

the capacitor 118 and the resistor 120 to produ t he

i ApRAGier drd isyronpeciascion edﬂP%ﬁafgﬁtfwite%ﬁ&éﬁW? i%ﬁaagtor 126.
[ RfRe %P@.ﬁ'&fzﬁ? H%%ﬂﬁﬂ%téé?a&ﬁ&' P3P e PP Yir& tBrminal of a
nonocycl e. urther preterred enbodi nent of the

i maentresistors18Bovhei sedirgurterninal afnthehiload nheristorn1Q0 being
two first order differentiators are used but the

| EAYSFRG RO 118 and 122 of the circuit of Figure
19 are replaced by distributed capacitors 124 and 126.

TiTRe CIRMI BOOf%dﬁ@altfe% 2 Isieqrpphioftage a trzingitiah  sohick e i 6doubly
connected to the anode of an SRD 80, the cat hode of

t Hisfeaputiaed B Hip cesinoECaaciPra(R-E9i Retyorlgs fomed, by capacitor
2% A Baorc S0 Brtigo bR 12 B9 o100 18, Bfduce

capomocycle at 2de outpaitout put of thecapacitor 124 being
connected to a first termnal of a resistor 120. The

ot BERrCURAE Tgaus0e ! 31o% REVBISAYTSY Acda BHBBHRdE cADS. The
t QinklNSteldniRdLit 9 sRolH i IFeguréi 24 1 Thetspurted pulser witi®®was about
The output of the distributed capacitor 126 is

cahf@stand the pulse repetition ffasaeney was|23¥dMHZsi st or 100,
the second termnal of the |load resistor 100 being

Figure 23 is a schematic of a system for multi-band operation which may
include any of the pulse generator systems shown in the circuits of Figures 7,
10, 13, 17, 19 and 21. In the embodiment of Figure 23, a pulse generator
system 128 according to any of the embodiments shown in the circuits of
Figures 7, 10, 13, 17, 19 and 21 is connected to a number (1 to n) of band
pass filters 130 and the output of each band pass filter 130 is connected to
the input of a respective modulator 132. The outputs of the modulators 132
are combined to produce a multi-band ultra wideband signal 134. The output
of the pulse generator 128 is a monocycle which covers the frequency band
defined by the band pass filters 130. The output may therefore be de-
multiplexed in the frequency domain using the band pass filters 130. Each of
the de-multiplexed signals may be modulated in a respective modulator 132 to
produce a range of modulated signals in different wavebands which may be

combined to produce the multi-band ultra wideband signal output 134.



connected to ground. The SRD 80 generates a sharp
voltage transition which is doubly differentiated by

wda tee/megdst or - capaci tor (R-C) networks formed Byr/sG2005/000128
capacitor 124 and resistor 120, and capacitor 126 and
resistor 100 to produce a nonocycle at the output. The
circuit of Figure 2 1 was sinulated using Agilent
Technol ogi es' ADS. The sinul apgd result is shown in
Figure 22. The sinul ated pul se wi dth was about 250 ps
and the pul se repetition frequency was 250 MHz. Figure
23 is a schematic of a systemfor nulti-band operation

Lch may_i : PN/

ALY ShBSL KGR Bori MR PLLRE rRERRI S 4R G peporat
2udingl thetdieuasiod FHigeres Rf107I18UNE, 28,aral PUiinssy gen&rraémmme a
system 128 according to any of the enbodlnen% P
 KinURGIdE! WaNpIosMo P U weve, a pylseiar anyyothes bispglag signal.
|s connected to a nunber ( 1 to n) of band pass

ghEeE ysterid 2 thh&neds pé'éco?&nnﬁa%‘ thangréamt niveh86n may be

is"connected to the input 0f a respective
rrpadlcatavty asful Fhéhez)tnrpdtt@oof ot Hevigesldpauses farsgxample, in the

igg;%l ?Lﬁd P‘E‘unt daglpﬁﬁh éan('g% gaenb%@% ﬁ%@&g,m@%ﬁhmgagbr%%nt and

”EB@ﬁMﬁHéththh covers the frequency band defined by
the band pass filters 130. The output may therefore be

de nmultiplexed in the frequenc in using.the b
ps(@gnopsmmacqtms leaR TORHEIANSS RLAS prSER iayegHRndesoribed

P RalE S Y AR ol el FRPRS ol AT Rirk fdferids and method

ma&gbandsbmhddbdmmﬁubemmuﬂbkméUo&mdp$@dehab¢Me Thus, although

-ba ultra w deb nal. outpyt 134. The jn
e o e e ERed nasngn BRYiuat  shEadiPBEls. many
g@QﬁétﬁflﬁdaHﬁbB&lbl@QMﬁhthtHets%o@E d&fl tar @&ims, aOwilllBe clefar to the
1 be, for exanpl e, a sinusoidal waveform

a skma@wea@ﬁvwrthaubd@wtm frony the: srifit and pepps okthgrigvention.



The systens and nmet hods according to the present
invention may be particularly useful in the production
wmtooaleizrees for use, for exanple, in the fiel dCw$G2005000128

conmuni cati ons, radar, ranging, imaging, depth

nmeasur enent, and position | ocating. Various

nodi fications to the enbodi nents of the present

i nvention described above nmayzpe nade. For exanpl e,

ot her conponents, materials and nethod steps can be

added or substituted for those descri bed above. Thus,

al t hough the invention has been described using

peﬁélcular enbodi ments, many vari ati ons are possible
‘t he scope of t he clains, as will be clear to

the skilled reader, w thout departing fromthe spirit

and scApeappfarétus fongemEnatmg @ rabnscycle campapiogr at us f or

generating a nonocycl e conprising: an input signa

source for_provi step recovery

di ode EBARHULIIN é@g{'ﬁéa tgg,.pgowlfag ns'PBHﬁ?'ggﬂd pr oduce

an i npul se, said step recovery di ode having an input

and angaitbpybcodty dibde PSRME rétéilersaid irﬁit@fsﬁgnal and produce
arranged to double differentiate said inpu

pROdTOEISE, ABGHGR Irecovery dmearmym@uén@s@&d@mguwt and
claim1l, wherein said input signal source conprises a

sour cennb r biropo! é‘l"ffelsérgfé?érs %rraﬁgeépgﬁf Uble aGRFHIA% said

to clairm1, wherein sald one or erentlators
conpm|sedeoar@duma:a muhacyde. f or providing a first
di fferentiator and a capacitor connectable in series

h h
23secofd oprenenergedd i ek heefiR i ApgrhaFsource
Ieaﬁfpn@@gaasbm@@ﬂh bi-paid¥ signant i nductor having an
i nput and an out put, and wherein said first and second

differentiators are arranged to_ double differentiate

sdid An apparatus according” to claim 1, wherein said one or more
differentiators comprise a shunt inductor for providing a first differentiator and
a capacitor connectable in series to the output of the step recovery diode for
providing a second differentiator, said capacitor having an input and an
output, said shunt inductor having an input and an output, and wherein said
first and second differentiators are arranged to double differentiate said

impulse to produce a monocycle.

4 An apparatus according to claim 2, wherein said bi-polar signal

comprises any one of a sine wave, a square wave, or a pulse.

5. An apparatus according to claim 3, wherein said shunt inductor

comprises a short circuited transmission line.

6. An apparatus according to claim 3, wherein said shunt inductor

comprises a lumped inductor.

7. An apparatus according to claim 3, wherein said capacitor comprises a

lumped capacitor or a distributed capacitor.



i mpul se to produce a nonocycle. 4. An apparatus

according to claim2, wherein said bi-polar signa
wampiizges any one of a sine wave, a square WaRE/SGRV0H000128

pul se. 5. An apparatus according to claim3 , wherein

sai d shunt inductor conprises a short circuited

transm ssion line. 6. An apparatus according to claim

3, wherein said shunt inductopsconprises a | unped

i nductor. 7. An apparatus according to claim 3,

wherei n said capacitor conprises a |unped capacitor or

a distributed capacitor.8. An apparatus according to

ckai m f her conmprisi.n esi.st u I 0

the. outBuePBralr coERBUBer & B o ity BaRpSis” a resistor
sabGplaBRi &) Gie RAtMA & s40gepbaciof Ctrrﬁpmidiné iar aiad sald resistor
differentiator with sai d shunt inductor and to

sae@gs%rwcatq fasmerid irsk didptantiataravign satd ?faﬂnt indugtgr and to
i4$eR668 qﬂT&%Pﬁg{oPm PRy G ,t% n sai d shunt

uc or 1's cou eto t e out put said step
recovery di ode. 10. An apparatus accordyng toclaim?9
, 9nher Annapparthteh accordingidooelaing &r waeria sajd pstuntdiedactor is

BT Pl B SRR oty ooy s

sai d capacitor and one or nore coupling elenents

bepweepnsappasiiuntadcheding ad €lBin S$i dhepgiacsiar siurg inductor is
formed fromone or_nore distributed mcrostrip

eREABACE f0 Provide adpRath {Rf saiteleairREOYYY diedion 5,

further conprising a second transm ssion |ine coupl ed

bgyween, S%ﬁﬁa&'aﬂ?s“%cédr@ﬁ? to>QUIR D, AR darf §IF?unt inductor, said
recovery dio pparat us 'according to claim

12apaditareand saedot nare ndapliog dlemenis between said shunt inductor
and said capacitor are formed from one or more distributed microstrip

elements.

12. An apparatus according to claim 5, further comprising a second
transmission line coupled between said input signal source and said step

recovery diode.

13.  An apparatus according to claim 12, wherein said transmission line is

formed from a distributed microstrip element.

14.  An apparatus according to claim 3, wherein said shunt inductor is

couplable to the output of said capacitor.

15.  An apparatus according to claim 14, further comprising a matching
resistor couplable to said output of said step recovery diode, said resistor
being arranged to provide a DC path for said step recovery diode, said output
of said step recovery diode being couplable to said input of said capacitor,
and said output of said capacitor being couplable to said shunt inductor and to

a load resistor.



formed froma distributed mcrostrip elenment. 14. An
apparatus according to claim 3, wherein said shunt

wa nderc2092 i s coupl able to the output of said caIEG2003000128
15. An apparatus according to claim14, further
conprising a matching resistor couplable to said
out put of said step recovery diode, said resistor
bei ng arranged to provide a Dgagpath for said step
recovery diode, said output of said step recovery
di ode being couplable to said input of said capacitor,
and said output of said capacitor being couplable to

23bse BSOS Rbodihd S S48F oL ST s g, gosisor
I eSMPFises aaigdreesordpdhentt et e conponent. 17. An

appar atus according to any one of clains 15 or 16,

further conprising a transm ssion |ine couplable

d weofns SPRAIANT ARG Lo b6 Ouify A aFi@TaE opS o 16, further
I 86RVAEMg0h Afshsi8sioNNlikPRBLAYRE BERMESH RAid ttadighal: source
wherei n the capacitor and/or the shunt inductor
cenpshiskstepaecovanydiodeinped conponents. 19. An

apparatus according to claim3, wherein the one or

e dirf.f | At i SE.: . _
"B cor b S5EHR QST S80S, 95l 8 apgotor andior the
whleuisti ind setb fl commprit e ionéusrtmore langpedi cdmpdneres. | nduct or .

2 1. An apparatus according to claim3, wherein said

out put of said step recovery diqde (SRD) is connected
tagsai é”st?tﬁ’lﬁ’?r?tHau@PB?r,d'%d%M@'@ n{sé{‘( rg'ﬁ‘uﬁge one or more

i aﬁ%?érﬁratar%rwméﬁs?e fivd BFRRFe R-Cohdhiysig! but ed inductor,
sal d output of said step recovery diode (SRD) also

bei ng connected to the input of said capacitor. _
20.  An apparatus according to claim 3, wherein said shunt inductor is a

distributed inductor.

21.  An apparatus according to claim 3, wherein said output' of said step
recovery diode (SRD) is connected to said shunt inductor, and wherein said
shunt inductor comprises a lumped or a distributed inductor, said output of
said step recovery diode (SRD) also being connected to the input of said

capacitor.

22.  An apparatus according to claim 3, wherein said shunt inductor of said
first differentiator comprises a lumped or distributed inductor connected to the

output of said step recovery diode (SRD) and to ground.

23.  An apparatus according to claim 22, wherein said capacitor of said
second differentiator comprises a lumped or distributed capacitor connected

between the output of said step recovery diode (SRD) and a load.

24. An apparatus according to claim 3, wherein said first and/or said
second differentiators comprise two or more cascaded resistor-capacitor

networks.



22. An apparatus according to claim3, wherein said
shunt inductor of said first differentiator conprises

waooermpeege or di stributed i nductor connected t®AeG2005/000128

out put of said step recovery diode (SRD) and to
ground. 23. An apparatus according to claim 22,
wherein said capacitor of said second differentiator
conprises a |lunped or distribpged capacitor connected
bet ween the output of said step recovery di ode (SRD)
and a |load. 24. An apparatus according to claim 3,
wherein said first and/or said second differentiators

ﬁgsp E\ﬁ e&%?ar usr@éc%rﬁﬁgctedc%n{ g’?%g’ ?FelﬁmeF ﬁ{ore of said one

aratds accor 0 cla
WBEr @lohe Omcweu‘orreswfor&apdcmre netwonkse coagrse@edumped and/or
resi stor-capacitor networks conprise |unped and/ or

dAistihuied &FeeRient s. 26. An apparatus according to

claim 24, wherein one or other of said first and sai d

segondagi ddeurafils Qé&fr@mbstocc%‘iﬂ?%eﬁ/hb?elh heheOBt BtHer f said first
said step recovery di ode (SRD). . {)h par at us

a8odr spidgseeond ali @mtlamrléuwmc@edutps e output of said step
differenti s an out put, and wherein said second
df‘?@&?@n{j'f’g%;@'connect ed to the output of said

first differentiator. 28. An apparatus according to

ckd@i m An agpareius smodding paitladh Zlawheraipaszid dirstidifferentiator has

connected t ai d out ut of d st recovery di ode
(S dasamiestin s spodn dMtetalialdrs Geanesthstiodhs outout of

t@aﬁ&ﬂrgt (?,ﬁg;:gntig{o,sal d shunt |nductor and to a | oad.
Utra Wdeband system conprising the apparatus

of cI a| m 1. 30. A systemfor producing multi-band

sR§nal Ancapparekisrapcording tp alaimis vehereisaig inputcofaaid capacitor
t |hsecorPrPec &5 sg g% d?guta& 2 Qt%&) re%g\?er?/ydﬁ&%n(éﬁbt) ré%rd said output

of said capacitor is connected to said input of said shunt inductor and to a

load.
29.  An Ultra Wideband system comprising the apparatus of claim 1.

30. A system for producing multi-band signals comprising the apparatus
according to claim 1, the apparatus having an output, the system further
comprising one or more band pass filters having associated inputs and
outputs, wherein the output of the apparatus is connected to the inputs of said
one or more band pass filters, said system further comprising one or more
modulators, each modulator having an associated output, said one or more
modulators being arranged to modulate the outputs of the band pass filters,
and said one or more modulators being arranged such that said outputs of
said one or more modulators are combined to produce a multi-band ultra-wide

band signal.

31. A system according to claim 30, wherein said one or modulators are
arranged such that the outputs of said one or more band pass filters are

individually modulated in said one or more modulators.



conprising one or nore band pass filters having
associ ated i nputs and outputs, wherein the output of
W0 hee/apper at us is connected to the inputs of SEITISGEs/000128
or nore band pass filters, said systemfurther
conprising one or nore nodul ators, each nodul at or
havi ng an associ ated output, said one or nore
nodul ators being arranged to ppdul ate the outputs of
the band pass filters, and said one or nore nodul ators
bei ng arranged such that said outputs of said one or
nore nodul ators are conbined to produce a nulti-band

P2 m SoNCREEr GeREHing R torSr BB TSRS ¢ 27, ngec

such that the outputs of said one or nore band pass

filterpravidingra npdusighsl froriidreinpdt signabsoureedoar steprrecovery

modul ators. 32. A nethod for generating a nonocycle

c vsing: providing an input signal froman input
signal source to a step recovery diode; producing an

| mpul sgrdiiciiy §ﬁ'nﬂp§Fs@R13rrﬁj3§éf§rs‘t’e;¢ié&ﬁery diode;
differentiating sard inpul'se twice to produce a
nmonocycle. 33. A nmethod according to claim32, vvher ein
the st gjffesentiatinoesaigimavisadwicsita Rragusea reeReaycle.
conprises differentiating said inpulse once with a

t
ST URAPLoGOAORGEE % R Ot RABRGH i s

wirapeisa t\Meest@mpaéeq;)rahﬁfechnmgtmgi wnduimp;mlgeabnce with a shunt

conprises providi a bi - pol ar signal t hod
aﬁ%mrr?d“{)%”(iﬁ ‘é(itﬁi%ﬁlapwgi 4P ,QFQCh-gZ esyaigh n&qn%yg% di ng
an input signal conprises providing any one of a sine
waye siagimethodPassbiaing teelSins8NRhe@in ehedsilepeof &6V|dihg an input

nmet hod according to claim 383, wherein the st ep o
dsionel epmpasesgravdiag a bi-polar signal.

35. A method according to claim 34, wherein the step of providing an input

signal comprises providing any one of a sine wave signal, a square wave

signal or a pulse.

36. A method according to claim 33, wherein the step of differentiating said

impulse with a shunt inductor comprises differentiating said impulse with a

short circuited transmission line.

37. A method according to claim 33, wherein said capacitor has an output,

the method further comprising coupling a resistor to the output of said

capacitor for providing a load, forming a first differentiator from said shunt

inductor, and forming a second differentiator from said capacitor.

38. A method according to claim 36, wherein said capacitor has an output,

the method further comprising coupling a resistor to the output of said

capacitor for providing a load, forming a first differentiator from said shunt

inductor, and forming a second differentiator from said capacitor.



i mpul se with a shunt inductor conprises
differentiating said inpulse with a short circuited

wa raersnresi on |ine. 37. A nethod accordi ng t o RITA$GR083000128
wherei n said capacitor has an output, the nethod
further conprising coupling a resistor to the output
of said capacitor for providing a |load, formng a
first differentiator from sai dgshunt inductor, and
form ng a second differentiator fromsaid capacitor.
38. A nethod according to claim 36, wherein said
capacitor has an output, the nethod further conprising

caupl i ng j : t he p : ' paci :

3P BB e P S0 ol SE14 pEPEREbLEN dioe s
f sarwrpul thduméthod duther comptsingrebupling seéd @hdnt inductor to the
differentiator fromsaid capacitor.39. A nethod

aStRUoh §akdsstep apeRVeSY digdier ei n sai d step recovery

di ode has an output, the nethod further conprising

capp! i MI nfth8d SAkEdrding diér tRiimt 89! RatHY+ BevhpAsingabftanging said
step recovery diode. 40. A nethod according to claim
3shuntindnetor toppnide ad Gupatintgr sgidssten reeevary idivflfst or
to provide a DC path for said step recovery diode. 4

1,.A mgt ' 0 [ ; l:s] ;

80 o, BRMRERBEIR oo Bl At orF RO R AL 380 shunt
miridictan) Faich ¢apbeitmmbnd mtereeme@ dogpling elemdemtsobetaweadn said
sai d capacitor from one or re distributed mcrostrip _
elSBHBhinducier and s8It FAPREHST HORY A6 EF dNFresdistiibyied gnicrostrip
CREhLssng coupling a transmission |ine between said

i nput signhal source and said step recovery diode. 43.

A nmethod according to claim42, further conprising .

f 82m nd gaethodr @acsaiding ote |dlaiem f3bnfwierocomarising coupling a

S P A Sl o g o
sdiglieshunt

43. A method according to claim 42, further comprising forming said

transmission line from one or more distributed microstrip elements.

44. A method according to claim 37, further comprising coupling said shunt

inductor to the output of said capacitor.

45. A method according to claim 44, further comprising coupling a
matching resistor to said output of said step recovery diode to provide a DC
path for said step recovery diode, coupling said input of said step recovery
diode to said input of said capacitor, and coupling said output of said

capacitor to said shunt inductor and to a load resistor.

46. A method according to claim 45, comprising forming said matching

resistor as a discrete component.



i nductor to the output of said capacitor. 45. A nethod

according to claim44, further conprising coupling a
worawe/hi2nge resi stor to said output of said stepPcrSG0e3/00128

di ode to provide a DC path for said step recovery

di ode, coupling said input of said step recovery diode

to said input of said capacitor, and coupling said

out put of said capacitor to sayd shunt inductor and to

a load resistor. 46. A nethod according to claim45,

conprising formng said matching resistor as a

di screte conponent.47. A nethod according to cl ai m 45,

fyet her, ri,si lJ n transpi.s8si.o ne. -

o4 uech JFROM, stPolfh fo" Ll A BriRirBelridiing coupiing a
r gaAYmissich fide. betkeeA saitl npuf signal sduiengnduddidl -d1epdecovery
signals conprising: (a) generating a nonocycle by: (i)

p €di ng an input signal froman input signal source

to a step recovery diode; (ii) producing an inpul se

UaBng AdnEtHideBr PREAMSY nfiitRESAd 3Rfhald Edrprising:
differentiating said i npulse twice to produce™a

monocycl e; (b) applying said nonocycle as an input to

one or (Mor e geRAtPgHEMONPEYele bysai d one or nore band

pass filters having one or nore outputs; (c)

nodul at i ng id . I

nor e band pgz‘s fi?)fk?/é@ég%ﬁ\gﬁg%@%\ffr%réﬁﬁ@dﬁ{ﬁ?@élssotugce toa
pstepueecoery diodepr e nodul at ed out put signals; and (d)

conmbi ning said one or nore nodul ated output signals to

produce a m(llk)t ' ?)?c? uclljrlmgt gr"%_ir\{“lmpglesebu%ri]ndg géigns?clep recovery diode; and

(i)  differentiating said impulse twice to produce a monocycle;

(b)  applying said monocycle as an input to one or more band pass

filters, said one or more band pass filters having one or more outputs;

(c) modulating said one or more outputs of said one or more band
pass filters using one or more modulators to produce one or more modulated

output signals; and

(d) combining said one or more modulated output signals to

produce a muiti-band ultra-wide band signal.



