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Abstract— In this paper, we present a high-order Impulse-

Radio Ultra-Wideband (IR-UWB) pulses generator based on the 
processing of incoherent optical signals by a dispersive element. 
The full waveform reconfigurability is achieved by the control of 
the optical signal power spectral density profile. Operation 
principle is experimentally shown by the generation of classical 
UWB pulses: monocycle and doublet. High-order UWB pulses 
generation is experimentally demonstrated by the generation of 
triplet and quadruplet. Also, the proper adjustment of the optical 
signal power distribution permits to reduce the baseband content 
of the synthesized waveform which is critical in UWB 
environments to achieve spectrally efficient solutions. Moreover, 
system flexibility allows the adaptation to a Bi-Phase Modulation 
scheme. This feature has been proved by the generation of the 
inverted version of the UWB pulses achieved in the manuscript. 
 

Index Terms— Impulse-Radio Ultra-Wideband, wireless 
communication, optical source, dispersive element, high-order 
pulses, Bi-Phase Modulation format. 

I. INTRODUCTION 
he Impulse-Radio Ultra-wideband (IR-UWB) has been 
considered to be a promising technology for short-reach 

wireless communications because it can potentially allow new 
services to coexist with the existing narrowband wireless 
services with minimal interference. UWB characterizes 
transmission system with instantaneous spectral occupancy in 
excess of 500 MHz or a fractional bandwidth of more than 20 
%. As information-bearing pulses with ultra-short duration 
have an UWB spectral occupancy, UWB radio transmissions 
come with unique advantages such as: capability to penetrate 
through obstacles, immunity to multipath fading, potential for 
very high data rates along with a commensurate increase in 
user capacity and potentially small sized and low processing 
power. For wireless communications, the US Federal 
Communications Commission (FCC) defines the use without 
license of the spectrum from 3.1 to 10.6 GHz with a restriction 
in power spectral density of −41.3 dBm/MHz [1,2].  

Wireless UWB-signals range is kept to less than tens of 
meters by maintaining a low radiation power density. In this 
point, UWB-over-fibre serves as an effective solution to 
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distribute IR-UWB signals. For such optical distribution, it is 
more cost-effective to implement the generation and 
distribution of IR-UWB in the optical domain and perform the 
conversion to the RF wireless domain at the remote antenna 
units, thus avoiding the need for multiple electrical-to-optical-
to-electrical (E/O/E) conversions in the generation and 
distribution of IR-UWB [3]. IR-UWB photonic generation and 
free space transmission for wireless communications have 
been experimentally demonstrated [4], highlighting the 
potential of IR-UWB photonic generation in RoF systems.   

Recently, a huge number of approaches have been reported 
to generate UWB signals. We can found schemes to generate 
classical UWB pulses, i.e. monocycles and doublets, based on 
phase modulation to intensity modulation (PM-IM) conversion 
by using an optical frequency discriminator implemented by 
optical filters [5] or silicon microring modulators [6]. 
Moreover, microwave photonic filters have been also 
proposed for UWB signals generation implementing negative 
taps based on the nonlinear amplification process in SOA [7]. 
We can also find schemes based on optical spectral shaping 
and dispersion-induced frequency-to-time mapping [8].  

The most problems of UWB transmission technology for 
wireless communications are around low frequencies. The 
FCC establishes the higher power spectral restriction around 
the GPS band (0.96-1.61 GHz) [1, 2]. The last times, high-
order pulses generation have been demonstrated to achieve a 
more efficient use of the UWB available spectrum [9]. In this 
way, the coverage area of the UWB radio signals can be 
increased. In the literature, we can found approaches based on 
microwave photonic filtering with different lasers and 
dispersive elements [9] and cross-phase modulation in a SOA-
MZI [10]. Also, high order UWB pulses can be achieved by 
the combination of classical monocycle [11] and doublet [12] 
waveforms each one obtained by PM-IM conversion.   

Apart of an efficient use of the FCC mask, the adaptability 
to UWB modulation formats is another field of interest in 
which UWB communication is focused recently [9]. 
Nevertheless, the most of schemes reported can only 
implement on-off keying (OOK) modulation. The limitation of 
the OOK modulation of UWB is the low immunity to 
multipath effect in which echoes of the original pulses make 
difficult to determine the absence of pulse. However, Bi-Phase 
modulation (BPM) can overcome this limitation and presents 
an improvement of the signal-to-noise ratio (SNR) of 3 dB. 
Thus, UWB BPM has attracted great interest in the photonic 
generation of UWB pulses [7, 9].  
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In this paper, we propose and experimentally demonstrate a 
high-order IR-UWB generator which can implement UWB 
BPM modulation scheme. The system proposed is based on 
the processing of incoherent signals by means of dispersive 
elements. Positive and negative pulses are easily achieved 
through the corresponding shaping of the incoherent optical 
signal. The amplitude and polarity of these optical pulses can 
be controlled independently. Moreover, the propagation 
through a dispersive element introduces the corresponding 
difference time delay between pulses in order to generate 
different UWB waveforms.  High-order IR-UWB pulses 
generation is experimentally demonstrated by obtaining 
different waveforms such as: monocycle, doublet, triplet and 
quadruplet. Furthermore, through the control over the optical 
source power profile inverted waveforms has been synthesized 
which permits to adapt the system to UWB Bi-Phase 
Modulation format. All the experimental results, both optical 
power distribution and generated waveform with its 
corresponding electrical power spectrum are single shot 
measurements, i.e. no averaging is applied [13]. 

II. SYSTEM DESCRIPTION 
The experimental scheme of the system proposed for 

generating high order UWB pulses is shown in Fig. 1. The 
operation principle is based on the processing of an incoherent 
optical signal by means of a dispersive element. From the 
theoretical analysis performed in [14], when second order 
dispersion is neglected (φ3 = 0), this approach can be 
considered as an incoherent frequency-to-time mapping. We 
consider an incoherent optical signal with a power spectral 
density S(ω), centered at ω0, such that the optical field of the 
light describes a stationary random process. Each optical 
frequency is modulated by means of a modulator with impulse 
response hmod(t). Then, the modulated signal is launched into 
an optical processor which is determined by the first-order 
dispersion (φ2 = β2L) evaluated at ω0. In this way, the 
electrical signal obtained (Iout(t)) after the photodetection 
process is given by [14]:  

( ) ( ) ( ) 2
2 0

22
= = ⊗o

out mod
II t S t / h ,tω ϕ ω
πϕ

          (1) 

where the first term corresponds to a time-domain scaled 
version of the power spectrum S(ω) and the second term 

hmod(ω0,t) represents the output pulse when a monochromatic 
source is considered. Note that, apart from the frequency-to-
time mapping process, the generated waveform will be also 
affected by hmod(t).  

First of all, the incoherent optical signal is generated using 
an optical source composed by a Broadband Source (BBS) and 
an Optical Channel Selector (OCS) (Peleton QTM100C). The 
BBS has a total optical bandwidth of 80 nm and the OCS is 
centered at λ0 = 1546.92 nm with 48 channels of 0.8 nm 
width. Each channel attenuation can be controlled 
independently up to a maximum of 20 dB when the channel is 
blocked. In this way, the control of those channels permits to 
synthesize different optical power distributions (S(ω)). Next, 
the shaped optical signal is modulated by a RF pulse (pRF(t)) 
using a Mach-Zehnder Modulator (MZM) (Photline MX-LN-
40-PD). This RF pulse is obtained from a RF pulse generator 
(Anritsu MP1800A) which is configured at a bit rate of 12.5 
Gb/s with a pattern of one "1" and thirty-one "0". Therefore, 
the repetition rate is close to 390.65 MHz (1/Tw) and the pulse 
width is 80 ps. The modulated optical signal is propagated 
through a standard single mode fibre link (SSMF-28) with a 
length (L) of 5.43 Km and a first order dispersion parameter 
β2 = -22 ps2/Km. Finally, the resulting waveform (Iout(t)) is 
obtained after the corresponding photodetection (PD) process.  

 
Fig. 1. Experimental scheme of the proposed IR-UWB pulse generator. 
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Fig. 2. (a) Power spectral density of the incoherent optical signal respect 
to the central wavelength. (b)  Output electrical pulses for a 
monochromatic source, inset hmod(ω0,t). (c) Generated monocycle pulse 
and (d) corresponding electrical power spectrum. FCC mask added in 
dashed line. 
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The performance of the proposed system is analyzed by 
generating a monocycle IR-UWB waveform. By means of the 
OCS, the incoherent optical signal spectrum is shaped to a 
power spectral density distribution as shown Fig. 2(a), S(ω). 
In this case, an optical bandwidth of 28 nm, corresponding to 
35 active channels of the OCS, has been performed. 
Moreover, all active channels have been attenuated in order to 
obtain a uniform power distribution at the half of the 
maximum optical power available. Nevertheless, the active 
channel at 1546.92 nm has been maintained with the 
maximum power and the following active channel at 1547.72 
nm has been totally attenuated, i.e., the channel has been 
blocked. Taking into account that the uniform profile at the 
half of the maximum optical power available corresponds to a 
continuous level, we can define the equivalent amplitude 
levels [1, -1] for describing the incoherent signal power 
profile. Fig 2(b) shows the output electrical signal when a 
monochromatic source is considered for the RF pulse 
generator configuration previously mentioned. Note that one 
of this pulses (inset Fig. 2(b)) corresponds to hmod(ω0,t) of Eq. 
(1). The corresponding generated monocycle waveform is 
plotted in Fig. 2(c). In this way, a positive and a negative pulse 
have been performed which are related with the channels at 
1546.92 and 1547.72 nm, respectively. According to the UWB 
classical waveforms definition [1], the obtained waveform 
corresponds to a monocycle IR-UWB pulse since both 
positive and negative lobes have the same amplitude, respect 
the 0 mV of amplitude level. The generated electrical pulse is 
given by the incoherent optical signal power profile 
controlling both the polarity and the amplitude of the lobes of 
the generated waveform. Therefore, with the proper 
adjustment of the OCS attenuation of each channel, electrical 
IR-UWB pulses can be generated. 

The electrical spectrum of the monocycle is shown in Fig. 
2(d). Its central frequency is around 5 GHz and the 10-dB 
bandwidth is 7.25 GHz. In this way, the fractional bandwidth 

is 145% so UWB spectral definition is accomplished since it is 
larger than 20% of the pulse central frequency. As can be 
observed, baseband component is reduced corresponding to 
the generated electrical pulse in Fig. 2(c). This fact is a 
consequence of the appropriated selection of the incoherent 
optical signal power distribution using the OCS for a RF pulse 
generator pattern fixed. Therefore, the control of the 
incoherent optical signal power spectrum profile permits to 
improve the spectral efficiency of the generated UWB pulse. 

III. HIGH ORDER UWB PULSES GENERATION 
In the following, the system flexibility for high order UWB 

pulses generation is experimentally demonstrated.  In order to 
show this capability, different UWB waveforms have been 
generated performing specific shapings of the incoherent 
optical signal power distribution using the OCS. 

First of all, a doublet pulse has been obtained. The 
incoherent optical signal spectrum is adjusted according to the 
power spectral distribution shown in Fig. 3(a) where three 
channels have been performed. In this case, the power of the 
two channels related to positive pulses is adjusted to be the 
half of a channel blocked. In this way, the equivalent 
amplitude levels correspond to [0.5, -1, 0.5]. The resulting 
waveform is plotted in Fig. 3(b) which corresponds to a 
classical doublet pulse [1]. Fig. 3(c) depicts the electrical 
power spectrum of the doublet generated.  

The flexibility of this system to increase the order of the 
pulses which can be obtained is demonstrated by generating a 
third and fourth order UWB pulses. This pulses are known as 
triplet and quadruplet, respectively. In the first case, four 
channels of the OCS are adjusted in a different way with 
equivalent amplitude levels [0.3, -1, 1, -0.3] performing the 
power profile distribution shown in Fig. 3(d). The obtained 
waveform is plotted in Fig. 3(e) which is according to the 
optical power profile and its corresponding electrical power 
spectra is depicted in Fig. 3(f). Finally, a quadruplet pulse has 

 
Fig. 3. Experimental results of the optical source power spectral density, generated waveforms electrical power spectrum for doublet (a), (b), (c); triplet (d), 
(e), (f); and quadruplet (g), (h), (i), respectively. FCC mask has been added in blue dashed line.   
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been implemented by modifying five channels of the OCS 
with equivalent amplitudes [-0.1, 0.6, -1, 0.6, -0.1]. In Figs 
3(g), 3(h) and 3(i) are shown the power profile distribution, 
generated waveform and the corresponding electrical power 
spectrum, respectively. Therefore, the order of the UWB 
pulses generated can be easily increased by means of 
considering more channels of the OCS used.  

For UWB indoor wireless communications, FCC 
establishes the higher power spectral restriction around the 
GPS band (0.96-1.61 GHz). As can be observed in Fig. 2(c), 
the monocycle electrical power spectrum is clearly not 
fulfilling the spectral requirements around GPS band. The 
level of the signal electrical power should be reduced in order 
to fulfill the FCC mask. In this way, the signal-to-noise ratio 
of the transmission system is sharply reduced driving to a 
restriction in the coverage distance [9]. Nevertheless, as can be 
observed in Figs. 3(c), 3(f) and 3(i), the generation of high 
order UWB pulses (doublet, triplet and quadruplet) permits to 
improve the fitting of the generated pulse spectra to the FCC 
mask. Therefore, an efficient solution in terms of power is 
achieved leading to an increase of the coverage distance.     

IV. ADAPTABILITY TO BI-PHASE MODULATION 
In this section, we are going to show the capability of the 

system for being adapted to a Bi-Phase Modulation (BPM) 
transmission scheme. This corresponds to a binary modulation 
format in which each modulation state is given by a different 
signal polarity. In this sense, when the optical source is 
adjusted to have [-1, 1] as equivalent amplitude levels, the 
waveform shown in Fig. 4(a) is obtained. As can be observed, 
this corresponds to a inverted version of the generate 
monocycle pulse of Fig. 2(b). By the same procedure, the 
equivalent amplitudes can be adjusted to values such as [-0.5, 
1, -0.5]; [-0.3, 1, -1, 0.3] and [0.1, -0.6, 1, -0.6, 0.1]. The 
generated waveforms are shown in Figs. 4(b), 4(c) and 4(d) 
which correspond to the inverted version of the doublet, triplet 
and quadruplet of Figs. 3(b), 3(d) and 3(f), respectively.  

 Therefore, the full reconfigurable capability of the 
generated waveforms permits not only the synthesis of high-
order IR-UWB pulses but the implementation of bi-phase 
modulation format. 

V. CONCLUSION 
In conclusion, we have proposed and experimentally 

demonstrated a technique for high-order UWB pulses 
generation based on the processing of an incoherent optical 
signal using a dispersive element. The use of incoherent 
optical sources permits to increase the flexibility in order to 
reconfigure the generated waveform which is given by the 
optical signal power profile. The proper control of the optical 
source power profile permits not only the generation of high-
order pulses but also the reduction of the baseband component 
content. The feasibility of the system has been experimentally 
demonstrated by means of the generation of different 
waveforms: monocycle, doublet, triplet and quadruplet pulses. 
Furthermore, we have prove as the flexibility of the system 

permits to obtain the inverted version of the UWB pulses. This 
leads to the system adaptability to UWB transmission schemes 
in which BPM modulation format could be implemented.  
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Fig. 4. Inverted pulses for (a) monocycle, (b) doublet, (c) triplet and (d) 
quadruplet. 
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