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Abstract
Incessant and widespread commercial escalation of Ultra Wide 
Band (UWB) systems enhances exciting opportunities and 
challenges for engineers in the UWB communications arena 
including UWB signal generation. In this paper we have focused 
our work to generate sub nanosecond ultra wideband pulses using 
simple active analog components, i.e. transistors and diodes and 
after that pulse shaping in Gaussian and its first derivative is also 
introduced. 
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I. Introduction
UWB system development and modification gained momentum 
in last decay as the availability of high-speed semiconductor 
switching device technology improve enormously and UWB 
systems were approved in 2002 for unlicensed use under the 
Federal Communications Commission Part 15 (Title 47 of the 
Code of Federal Regulations) [FCC, 2002]. Ultra Wideband 
(UWB) is a potentially revolutionary approach to wireless 
communication in that it transmits and receives pulse based 
waveforms compressed in time rather than sinusoidal waveforms 
compressed in frequency. Normally, the pulses have very short 
durations, typically a few nanoseconds (billionths of a second) that 
results in an ultra-wideband frequency spectrum. UWB systems 
communicate using this narrow baseband pulses instead of using 
high frequency carriers. To avoid interferences with existing users, 
FCC specified spectral mask for commercially available large 
bandwidth between 3.1GHz to 10.6GHz at a maximum EIRP 
output of -41.3 dBm/MHz, as shown in fig. 1. 

Fig. 1: FCC Spectral Mask for UWB Signals

€Ideally, the transmitted signal should have a frequency component 
at all frequencies in the band of interest and no transmission out 
of that band. Also it should have constant power across the entire 
band of frequencies.

II. Study of UWB Pulses 
UWB technology, offering greater time and range resolutions, 
reduced fading, low complexity, high data rate consuming 
lesser power and good robustness, is based on transmitting very 
short sub nano-second pulses, spreading the radio signal power 
over a large bandwidth. Except all these regulations, selecting 
suitable pulse shape with simple hardware is also a great concern 
in UWB system design. Since the transmitted UWB signal is 
usually a baseband signal, the basic pulse should not have a 
DC component to allow effective radiation. In addition, to 
maximize the radiated power within the FCC constraints, the 
pulse should have a flat spectrum over the desired bandwidth. 
Among pulses with definite mathematical expressions, typically 
used pulses include Gaussian pulse and its derivatives. Because 
of their excellent resolution ability in both time and frequency 
domain, sharp roll-off and a higher cut off band sidelobe rejection 
compared to other pulse shapes, Gaussian monocycles are 
most widely used among all. Mathematically we can explain 
Gaussian pulse in time domain as y(t) = [A/√(2πσ)]exp(-t2/2σ2) 
and 1st derivative of Gaussian pulse, i.e. Gaussian monocycle is 
defined as y1(t) = [At/√(2πσ3)]exp(-t2/2σ2)

III. UWB Pulse Generation Circuitry and Results
In [1] it was reported that high order derivatives of Gaussian 
pulses has band pass spectrum with smaller fractional band 
width. In our work we have tried to generate shorter pulse and 
then introduced pulse shaping to form Gaussian pulse as well as 
Gaussian monocycle.

Fig. 2: Modified Short Pulse Generation Circuitry

Fig. 3: Generated Output Pulse



IJECT Vol. 5, IssuE spl - 2, Jan - MarCh 2014  ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g 94   InternatIonal Journal of electronIcs & communIcatIon technology

Step Recovery Diode (SRD) with very short transition time and 
low junction capacitance is required to generate sub nanosecond 
pulses. Circuitry shown in Fig. 2 is basically a modification of ref 
2. By applying input pulse train of frequency 20MHz with duty 
cycle of 60% we are getting output pulse of 4V amplitude (peak 
to peak) and 36ns pulse width.
Avalanche transistors, SRD, tunnel diodes, FET’s and bipolar 
transistors are often used as pulse sharpeners, which converts a 
slow rise time (or fall time) waveform edge to a faster one. In 
the next modification as shown in fig. 4, we have used NPN BJT 
for Gaussian pulse generation. Input high frequency pulses have 
duty cycle of 60% while output Gaussian pulse has width of 302 
ps and peak to peak amplitude of 214mV only.

Fig. 4: Gaussian Pulse Generation Using BJT

Fig. 5: Output Gaussian Pulse

This circuit is further modified with another BJT, used for pulse 
shaping in assistance with 1F capacitance at base junction as 
shown in fig. 6. By applying high frequency input pulse train we 
are getting Gaussian monocycle with little bit ringing effect at the 
high impedance output as shown in fig. 7. The generated output 
Gaussian monocycle has pulse width of 140ps and peak to peak 
amplitude of 500mV. In fig. 8 power spectral density of Gaussian 
pulse and Gaussian monocycle is plotted. It can be clearly observed 
that dc null is not present in the given UWB frequency range.

 
Fig. 6: Proposed Circuit to Generate Gaussian Monocycle 

Fig. 7: Output Gaussian Monocycle

Fig. 8: PSD of Gaussian Pulse and its 1st Derivative

IV. Conclusion
In this paper we have modified different schemes to generate sub 
nano-second UWB pulses using simple hardware. After generating 
simple nano second pulse we have further introduced pulse shaping 
schemes to get Gaussian pulse and its 1st derivative Gaussian 
monocycle. Also PSD of both these pulses ensures absence of 
dc null in our working UWB frequency range. But the amplitude 
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(peak to peak) of both the pulses is in mV range only. Hence draw 
some serious attention. Another scope of improvement is reducing 
the ringing, present in Gaussian monocycle (Fig. 7). 
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