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Abstract: In this study, a novel Ultra Wideband (UWB) pulse generator design for single- and multi-user 
systems is presented. The proposed pulse generator is based on new simple and effective design to generate 
the UWB pulses through sine wave shaping. For single-user systems, three models for the proposed pulse 
generator working with Frequency Modulation (FM), Bi-Phase Modulation (BPM) and On-Off Keying 
(OOK) are introduced. The first generator model has 250 Mbps throughput from a 250 MHz sine wave 
oscillator, while the second model works on 500 Mbps. The third model for three separate users for multi-
user systems using Frequency Division Multiple Access (FDMA), while the same model can be configured 
to work for a single-user with 750 Mbps using Multiple Input Multiple Output (MIMO) technique. The 
generated pulse is compatible with the Federal Communication Commission (FCC) regulations of UWB 
indoor emission mask. A lumped low pass filter has been designed to achieve the sine wave shaping. The 
simulation results verify the proposed design and its effectiveness of using sine wave shaping for UWB 
pulse generators. 
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INTRODUCTION 
 

Ultra wideband (UWB) systems depend essentially 
on the pulse characteristics and modulation technique in 
use. Many different techniques have been used to 
generate pulses comply with the UWB Federal 
Communication Commission (FCC) regulations, 
including a bandwidth larger than 500 MHz between 
3.1-10.6 GHz and with power emission less than -41.3 
dBm/MHz. The Gaussian pulse is the most commonly 
used in UWB researches, while the high order 
derivatives of Gaussian pulse have better compatibility 
with the UWB FCC mask (Alj et al., 2011). Although 
the 5th order derivative of the Gaussian pulse shows 
spectrum within the range 3.1-10.6 GHz without using 
any of the up-conversion techniques, the process to 
obtain the 5th order derivative can be complicated (Wang 
et al., 2011). In addition, the UWB pulse generators that 
are built on a Gaussian pulse of 7th order derivative can 
be more complicated (Wang et al., 2007), while the 
pulse spectrum occupies most of the UWB bandwidth 
which limits the pulse use in multi-user systems with a 
high throughput.  

On the other hand, some researchers have come 
with other techniques rather than using the Gaussian 
pulses, like oscillator on-off switching by a glitch signal 

to generate the UWB pulses (Alj et al., 2011; Lin et al., 
2010). Other researchers have used waves combining 
technique, where waves of opposite phases can be 
combined together after passing specific delay units to 
generate sub-nanosecond pulses (Sim et al., 2009; Zhou 
et al., 2011). These complicated generators have a 
spectrum that occupies the range 3.1-10.6 GHz as the 
Gaussian pulse generators do as well. Therefore, the 
existing UWB pulse generators are not suitable for 
Frequency Modulation (FM) and Frequency Division 
Multiple Access (FDMA). Using the FM and FDMA is 
the base for a simple pulse generator, where the recent 
UWB multi-user systems have complex structure based 
on multi-band orthogonal frequency division 
multiplexing (MB-OFDM) and with typical throughput 
of 200 Mbps or less (Kim et al., 2011). 

The proposed pulse generator is based on a novel 
technique of shaping a continuous sine wave of 250 
MHz to discrete monocycle shaped sine wave pulses 
that compatible with the FCC UWB regulations. The 
proposed pulse generator is simple and effective, where 
it can be fabricated as a lumped circuit. The generated 
pulse has bandwidth of 2 GHz at -75 dBm, which helps 
on using the pulse generator for single- and multi- user 
systems. Different modulation techniques have been 
used with the generated pulses, including Bi-Phase 
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Modulation (BPM), FM and On-Off Keying (OOK). 
The designed generator throughput for single-user 
systems is 250 Mbps and up to 750 Mbps. In addition, 
FDMA has been used to connect with three separate 
users simultaneously with speed of 250 Mbps.  
 

THE DESIGNED PULSE GENERATOR 
 

The proposed pulse generator structure is divided 
into four stages, including a half-wave rectifier, a low 
pass filter, a mixer and a decision circuit as shown in 
Fig. 1. 

To start shaping the sine wave that is given by the 
main power source vin, a half wave rectifier is used to 
generate Monocycle Half wave Rectified Sine wave 
(MHRS) pulses through using a conventional Step 
Recovery Diode (SRD) rectifier circuit. The generated 
MHRS pulses pass to the second stage of pulse shaping, 
includes a simple lumped low pass filter to reduce the 
bandwidth of the MHRS pulses. The details of the 
stages are as follows: 
 
Filter design: The designed filter is a simple lumped 
low pass filter as shown in Fig. 2, The lumped low pass 
filter works better at 250 MHz than other possible filter 
types, like stepped-impedance low-pass microstrip filter 
that has a big dimensions at this frequency. The gradual 
roll-off frequency response of the designed low pass 
filter is based on Bessel filter which works better for 
shaping the spectrum of the MHRS pulses.  

The Bessel filter response has been selected 
because it has a flat group-delay and as a result, the 
passband of the filter has a linear phase characteristics 
(Bowick et al., 2008). Therefore, a minimum distortion 
to the generated MHRS pulses has been achieved by 
designing the filter as a Bessel filter response. The 
designed low pass filter has cutoff frequency fc of 1.2 
GHz, while Eq. (1) and (2) have been used to transform 
the prototype values into the final inductor L and 
capacitor C values respectively (Bowick et al., 2008): 
 

	                                                         (1) 

 

	
	

                                                               (2) 

 
whereas, Cn and Ln are the low pass prototype element 
values and R is the load resistor value. The fifth order, 
50 Ω input impedance designed low pass filter has L1 = 
1.2 nH, C1 = 1.4 pF, L2 = 5.4 nH, C2 = 3 pF and L3 = 15 
nH. The return loss and the insertion loss of the 
designed low pass filter are shown in Fig. 3. 
 
Frequency shifting and decision circuit: A frequency 
shifting   stage   is   used   to  shift  the  spectrum  center  

 
Fig. 1: The general structure of the designed pulse generator 
 

 
Fig. 2: The proposed pulse generator’s low-pass filter 
 

 
 
Fig. 3: The return loss (S11) and insertion loss (S21) of the 

designed low pass filter 
 

 
 
Fig. 4: The first model of the proposed pulse generator. The 

generator can work on any center frequency between 5-
10 GHz 

 
frequency of the generated pulses to frequency between 
3.1-10.6 GHz. An up-converter mixer is used for the 
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Fig. 5: The generated pulse after up-converting it to 10, 7 and 4 GHz as in Pulse- A, B and C, respectively in time domain, (a) and 

frequency domain, (b) 
 

 
 
Fig. 6: The second model of the proposed pulse generator which is based on FM and BPM 
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frequency shifting process. The purpose of shifting the 
spectrum is to make the shaped MHRS pulses comply 
with the UWB FCC regulations of having spectrum 
within the range 3.1-10.6 GHz, where the spectrum of 
the generated pulses is between 0-1.2 GHz after passing 
the low pass filter. In addition, the up-converter is used 
as a part of the decision circuit to work on FM in the 
second and third models of the proposed three models 
for the designed pulse generator. In the first model, a 
single up-converting mixer is used with OOK through a 
high frequency switch to obtain a speed of 250 Mbps. 
The second proposed model uses four up-converting 
mixers to work with FM and BPM together, where two 
bits of data are sent in a one pulse every 4 ns to get a 
speed of 500 Mbps. The third proposed model is for 
multi-user systems, where three up-converting mixers 
are used to work for three different users simulitiuously 
and separately, while the model can be configured to 
work for a single-user with throughput of 750 Mbps 
through using OOK and multiple input multiple output 
(MIMO) technique. 
 

RESULTS AND DISCUSSION 
 

The structure of the first model of the proposed 
pulse generator is shown in Fig. 4. The main sine wave 
signal for the generator is supplied by CVSS-940, 
which is a sine wave voltage-controlled crystal 
oscillator works on 250 MHz. The CVSS-940 from 
Crystek is a 3.3 V true sine wave oscillator and it comes 
as 9x14 mm SMD, which makes it suitable for 
implementation with the 0603-SMD filter components. 
The MMIC HMC-220 up-converter mixer is used for 
frequency shifting, where it has frequency range of IF 
between DC-4 GHz, while the mixer bandwidth is 
between 5-12 GHz. The RFVC1801 SMD from RFMD 
is used as a source for the mixer LO. The RFVC1801 is 
a 5-10 GHz wideband monolithic microwave integrated 
circuit (MMIC) voltage controlled oscillator with buffer 
amplifier. Therefore, by using the RFVC1801, the 
proposed pulse generator can work on any frequency 
between 5-10 GHz as shown in Fig. 5 in Pulse- A and B 
at 10 and 7 GHz respectively. For OOK modulation, the 
HMMC-2027 GaAs single pole double throw (SPDT) 
RF switch is used for its fast switching speed and wide 
bandwidth. The MMIC HMMC-2027 switch has less 
than 1 ns switching speed and works between DC-26.5 
GHz. The RF switch has on-off voltage control of 0 and  
-5 V, which helps on controlling the switch through the 
data and achieve the data modulation directly.  
The second model for single-user systems is shown in 
Fig. 6. The proposed model uses four mixers to increase 

 
Table 1: Two data bits representation with FM and BPM 

Data b1 b2 Pulse phase [Degree] Up-converting freq.[GHz] 
00 0 4.5 
01 180 4.5 
10 0 9.0 
11 180 9.0 

 

 
 
Fig. 7: The third model of the proposed pulse generator for 

single- and multi-user systems. The D1, D2 and D3 can 
be bit 1, 2 and 3 respectively for the same data stream 
for single user systems with MIMO, or three separate 
data streams for multi-user systems 

 
the throughput to 500 Mbps through using FM and 
BPM together. The two pulses with 180 degree phase 
difference for BPM have been generated through the 
positive and negative cycles of the main sine wave, 
while a 2 ns delay unit is used to synchronize the 
positive and negative cycles together for the decision 
circuit.  The HMC510LP5 MMIC VCO is used as a 
signal source for the LO of the four up-converter 
mixers, where it saves the space and the cost by 
providing two outputs. The first output for 
HMC510LP5 is a sinusoidal signal of 9 GHz and 
second output is 4.5 GHz. 

The HMC219MS8 is used for the four up-
converting  mixers  and  it  is  a  double  balanced GaAs  
MMIC mixer. The HMC219MS8 is selected for its RF 
range between 4.5-9 GHz, while IF range is between 
DC-2.5 GHz. As shown in Table 1, the second model 
uses four combinations of generated pulses to encode 2 
bits of data every 4 ns.  

The decision circuit in model 2 consists of a simple 
multiplexer with 4-inputs, one output and 2-select lines. 
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The multiplexer’s select lines are connected to the two 
output lines of a demultiplexer. The demultiplexer has 
one input and one select line connected to a clock of 
500 MHz, while the input line is connected to the 
digital data stream. 

The third model of the designed pulse generator 
can be used for single- and multi-user systems based on 
the decision circuit configuration and whether to use the 
MIMO technique or not. The MIMO can be used for 
single-user systems as a spatial multiplexing, where 
three bits of data are sent every 4 ns separately at three 
different frequencies of 3, 7 and 10 GHz and through 
three separate antennas as shown in Fig. 7. Each 
channel uses OOK for modulation, which makes the 
total speed for the generator 750 Mbps. On the other 
hand, the third model can be used for multi-user 
systems to connect with three separate users through 
using single input – single output (SISO) with each 
user. Using FDMA, each user is set to use one of the 
three frequencies 3, 7 and 10 GHz with OOK and the 
throughput for each user is 250 Mbps in this case. 

 
CONCLUSION 

 
The obtained simulation results confirm the 

validity of the proposed method on using continues sine 
wave shaping to generate UWB pulses. The main 
structure of the proposed pulse generator can be 
configured into three models with throughput of 250, 
500 and 750 Mbps for single- and multi-user systems. 
The designed pulse generator is applicable to use FM, 
BPM and OOK, in addition to the MIMO technique. 
The first model of the proposed pulse generator can be 
an effective solution to mitigate the interference on 
narrowband systems between 0-8.5 GHz when working 
at 10 GHz.  
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