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1. Introduction

In the last few years, there has been a growing interest in the generation of ultrawideband
(UWB) radio-frequency (RF) signals. Due to the high-data-rate capabilities, low power
consumption and immunity to multi-path fading, these pulses have an unprecedented
opportunity to impact radio communication systems in personal area networks, and
promise as well substantial applications in radar, safety, and biomedicine. The UWB RF
spectrum was regulated between the 3.1 and 10.6 GHz band with a power spectral density
of -41.3dBm/MHz, according to the Federal Communications Commission (FCC) of the
United States. Later, Asian and also European regulations stated similar masks (Porcine et
al., 2003; Di Benedetto et al., 2006). Any signal to be considered as UWB must have an RF
spectral bandwidth greater than 500 MHz or a fractional bandwidth greater than 20%. Due
to these strict regulations concerning the power levels, UWB systems for wireless
communications are constrained to operate over few tens of meters. In addition, this huge
spectrum challenges most of the current electronics devices aiming to provide arbitrary
waveform generation and simplicity in a single low-cost platform.

However, the synergy between UWB and fiber technologies offers an alternative solution,
providing undisrupted service over different networks, while still preserving the high-data-
rate capabilities. Moreover, UWB-over-fiber technology opens the possibility to generate the
UWB compliant signals directly in the optical domain, thus relaxing the requirements for
high-frequency electrical components.

In this Chapter, we review the basic notions of UWB-compliant signals and several
widespread all-optical solutions for their generation and distribution. The central core of the
Chapter will focus on simple techniques for the generation of doublet and monocycle UWB
impulses, particularly those exploiting the dynamics of gain-switched semiconductor laser
sources. Finally, we discuss new areas of research in this rapidly evolving field.
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2. Review of photonically assisted UWB signal generation

The normalized version (in dB) FCC regulated UWB mask for indoor applications is
depicted in Fig. 1 (right column) in dashed line, together with several electrical signals in
time and their corresponding RF spectrum. As one can notice, a Gaussian electrical impulse
does not satisfy the UWB requirements because it exhibits a high amount of energy at low
frequencies. However, monocycle and doublet pulses, corresponding to first- and second-
order derivation of Gaussian impulses, start to fit better into the UWB domain. Although
they do not strictly fall into the FCC mask, an extra electronic filter could be placed before
the transmitting antenna in order to achieve the UWB compliant pulse. Actually, the UWB
radiating antenna helps to reduce this low frequency content. Although not a perfect
solution, most researchers have focused into the generation of this kind of pulses because of
their relative simplicity. A higher-order UWB pulse matches the mask without the need of
filtering, but their generation requires more advanced techniques.
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Fig. 1. Different impulse signals in time (left column) and their corresponding RF spectra
(right column). The FCC UWB normalized mask is displayed in dashed line.

In this section we aim to review some of the work previously published on optical
approaches for UWB signal generation. The list of references does not pretend to be
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exhaustive, but it gives a flavour of the research trend in this topic from a historical and
intuitive perspective.

2.1 Dispersion-induced frequency-to-time mapping

The first photonic approaches about generation of UWB pulses focused on the technique
now known as “frequency-to-time mapping”. This solution aims at synthesizing the power
spectrum of an ultrashort optical pulse and subsequently launching the signal into a linear
dispersive medium. Because each frequency component travels at a different group velocity,
after a certain amount of dispersion, the output intensity pulse becomes a scaled replica of
the synthesized power spectrum (Fetterman et al. 1979; Tong et al. 1997). The scaling factor
is provided by the group-delay-dispersion (GDD) coefficient of the dispersive medium
(Muriel et al. 1999). Larger amounts of dispersion do not change the shape of the pulse, only
increase the scale. The electrical UWB impulse is subsequently obtained by ideal
photodetection. Due to the scaling factor capabilities, this technique for arbitrary waveform
generation allows for entering into the low-frequency regime. An added advantage of this
technique is that when a single-mode optical fiber is used as the stretching element, the
signal is generated and transported in the same optical component without the need for
chromatic dispersion compensation.
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Fig. 2. Example of arbitrary microwave waveform generation based on Fourier transform
pulse shaping and dispersion induced frequency-to-time mapping.

The first demonstration used a supercontinuum light source and a Fourier transform pulse
shaper for the spectrum synthesizer (Chou et al., 2003). Later on, this technique incorporated
a closed loop enabling rapid waveform design thanks to the reconfigurability of the spatial
light modulator used in the pulse shaper (Lin et al., 2005). The high flexibility and resolution
of this technique allow for the elimination of undesired ripples (apodization) and
optimization of the RF spectrum of the signal to satisfy the FCC spectral regulations with a
precision better than that offered by monocycle or doublet impulses (McKinney et al. 2006).
More recently, fiber filters have been used to replace the Fourier transform shaper device,
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leading to a more compact setup, but at the expense of sacrifying the reconfigurability
capabilities (Wang et al. 2007). A recent solution deserves a special mention (Abtahi et al.,
2008). There, an all-fiber reconfigurable optical filter, together with differential
photodetection, permits obtaining Gaussian, monocycle, doublet and higher-order UWB
impulses in a single device just by tuning a simple band-pass optical filter.

Although this frequency-to-time mapping technique provides an impressive flexibility in
the synthesis of the UWB RF spectrum, the use of a broadband laser pulse as optical source
restricts the repetition rate to a few MHz. A recent solution replaces the mode-locked laser
by a broadband incoherent light source (Torres-Company et al., 2008). However, in this case,
the shaping is performed on the averaged intensity profile, which means that because of the
incoherent nature of the approach, there are uncontrolled changes in the pulse to pulse
shape (Torres-Company et al., 2007).

2.2 Nonlinear optics

The first alternative approaches to the frequency-to-time mapping made use of the cross-
phase modulation effect either in a highly nonlinear fiber (HNLF) (Zeng et al., 2007) or in a
semiconductor optical amplifier (SOA) (Dong et al., 2007). The idea behind this is to induce
a frequency chirp with a Gaussian pump pulse on a continuous wave (CW) probe laser. This
phase modulation can be transformed into intensity modulation by using an appropriate
optical band-pass filter. A nice feature of this system is that it permits the control of the
polarity of the generated UWB pulse just by tuning the wavelength of the CW to fit in the
positive or negative slope region of the optical Gaussian filter. Optimized spectral filters
lead to a better control of the shape of the pulse, extending the technique to include doublet
impulses too (Zeng et al., 2007). However, the HNLF approach still requires of a high-power
laser pulse as pump signal to induce the chirping on the CW probe. On the other hand, the
monocycle impulses generated using the SOA approach deviate from the ideal shape due to
undesired effects such as the chirping in the dynamics of the process.

A recent approach has demonstrated the generation of generating UWB monocycle
impulses with polarity control using sum-frequency generation (SFG) in a periodically-
poled lithium niobate waveguide. This system provides a compact device and does not
require a femtosecond light source (Wang et al., 2009). Doublet impulses could in principle
be generated as well. However, the required power levels to excite SFG in the waveguide
are still very high, leading to a low-efficiency global process.

2.3 Microwave photonic filtering design

Microwave photonics is nowadays a well-established research field. In general terms, it aims
to provide processing functions of RF and microwave signals that are difficult to achieve
using purely electronic approaches (Capmany and Novak, 2007). One of the most widely
explored aspects of microwave photonics is radio-frequency filtering (Capmany et al., 2005).
The advantages offered by photonics are reconfigurability, high bandwidth, immunity to
electromagnetic interference, high-speed processing, and potential integrability with fiber
optics technology. In a photonic microwave filter, the input RF signal modulates an optical
source, the modulated optical waveform is then processed in a photonic circuit, and finally
the signal is recovered back in the electrical domain by optoelectronic (O/E) conversion
(Capmany et al.,, 2005). In the former approaches, filtering functions were implemented
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using “positive” taps only, which implies that the filter is always pass-band at low
frequencies. This drawback may be solved, e.g., by employing alternative modulation
formats combined with differential photodetection, or nonlinear effects in either SOAs or
SMFs (You and Minasian, 2004; Minasian, 2004; Capmany et al., 2005).

It has been recently recognized that monocycle impulses can be generated by filtering a
Gaussian electrical impulse in a two-tap (one positive and another negative) microwave
photonic filter; whereas doublet impulses are obtained in a three-tap configuration (two-
positives and another negative and vice versa) (Yao, 2007). This general rule permits to
recover the previous research work on incoherent filter design with positive and negative
taps for the particular problem of UWB signal generation. Microwave photonic filters
featuring reconfigurability are the preferred ones because they provide extra control on the
UWB generated signal. In addition, since many of the synthesized filters require the use of a
single-mode-fiber to achieve the required delays, the system generates and transports the
signal simultaneously.
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Fig. 3. General concept of a microwave photonic filter. Scheme for the generation of a
monocycle and doublet with a microwave photonic filter with positive and negative taps.

For example, we mention the generation of monocycle and doublet impulses based on cross-
gain modulation (XGM) in an SOA (Wang et al., 2006). XGM was one of the first approaches
that recognized the capabilities to generate negative taps in a microwave photonic filter
(Coppinger et al., 1997). Other approaches include the use of a polarization modulator and
birefringent fibers (Yao & Wang, 2007) or the bias dependence with the wavelength in an
electro-optic modulator (Li et al., 2008; Vidal et al. 2005). A very recent approach (Bolea et
al., 2009) deals with the performance of an N-tap microwave photonic filter implemented
with two EOMs and several switches (Capmany et al. 2003). Although the performance of
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this microwave filter is more complex than the previous setups, the reconfiguration
capabilities and the possibilities to implement alternative modulation schemes to ON-OFF
keying makes the system very promising for UWB-over-fiber technologies.

3. UWB signal generation based on semiconductor laser dynamics

In this section we report an alternative photonic technique to generate UWB pulses. It
involves the use of a distributed feedback (DFB) laser whose driving current is modulated
by an electrical data signal (Torres-Company et al., 2008b; Torres-Company et al., 2008c).
With respect to previous approaches, our configuration offers an efficient solution in terms
of power consumption and constitutes a low-cost alternative, since there are no optical
nonlinear processes involved requiring extra light sources or additional active optical
devices. Our approach requires a single optical light source and avoids the use of external
electro-optic modulation. It is worth mentioning that a previous reported work (Lin & Chen,
2006) used a current modulated Fabry-Perot laser for the generation of UWB signals.
However, unlike in our approach, the frequency chirp was not used for achieving UWB
signal generation. Instead, monocycle pulses were obtained by O/E conversion and
subsequent differentiation performed in the electrical domain.

With our setup, monocycle or doublet pulse shapes can be achieved. Although the
experimental arrangement is the same in both cases, the physical mechanism behind is
different. The general setup consists on a DFB semiconductor laser, a 12.5 Gb/s bit pattern
generator, and a spectral pass-band optical filter. The DFB laser is nominally specified for
operation at 10 Gb/s, but the driving data signal was selected at the maximum bit rate. The
output pulse from the laser is spectrally filtered by the band- pass filter, which had a
Gaussian profile and a FWHM of 0.3 nm. The way of selecting the UWB-pulse shape is by
adjusting the bias voltage applied to the laser, the amplitude of the data driving signal and
the tunable filter. There are two sets of parameters that lead to either monocycle or doublet
shapes. We now proceed to formulate a heuristic explanation for each of the different
physical phenomenon behind this achievement.

3.1 Monocycle generation using the chirping effect

In this case, the laser is forward biased far from the threshold, and a relatively low value of
modulating amplitude is selected. The laser dynamics is found in the linear region of the
Power-Intensity curve. The key is that, as a result of the changes in the carrier population,
the refractive index also changes, leading to a phase-modulation changing with time
(Agrawal, 2002). Therefore, in the small-signal case the laser pulse becomes highly chirped,
with an instantaneous frequency resembling the shape of a monocycle. Then, as heuristically
explained in Fig. 4, the process of chirp-to-intensity conversion can be achieved by using a
spectrally linear optical filter. This behavior is obtained approximately by placing our
Gaussian bandpass filter at the linear slope region.

Of course, this is just a heuristic explanation and instantaneous frequencies do not always
exist in the spectrum of a coherent signal (Mandel, 1974). Even more, the case displayed in
Fig. 4 is only valid for phase-only modulated signals. However, let us formulate
mathematically our problem. The complex field of the frequency-chirped pulse is filtered by
a linear optical filter H(®) = A(® + ®s), where A is a real constant that determines the slope of
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the filter and o, denotes the vertical offset from the zero-crossing point. The temporal
envelope at the output of the filter is given by

Wour(t) = i A [in(f) — 1 @stpin(F)] 1)

where the prime denotes temporal derivation and yin(t) is the input temporal envelope. We
have taken into account that FT-1[~i @Win(®)] = win(f), where Win(w) = FT[yin(t)], with FT and FT-1
denoting Fourier and inverse Fourier transformation, respectively. We can always rewrite
the input envelope as yin(t) = [V2n(f) exp[~i@n(t)], where @u(f) and Iin(t) denote the phase and
normalized intensity modulation, respectively. We now assume that the frequency
modulation dominates respect to the intensity modulation, but its contribution value is less
than the corresponding frequency offset of the filter, i.e., |In'(t)| << | @'(t)| << .. With this
assumption, and after some algebra, the optical intensity at the output of the filter can be
approximated to

Lowt(H) = 2 A2 05 Iin(t) [@n'(H) + 05/2] . 2)

The above equation establishes that the light intensity at the output of the optical filter is
given essentially by the frequency chirp of the input optical pulse if the intensity profile is
relatively smooth. The derivation of Eq. (2) accounts for the heuristic explanation provided
in Fig. 4.

Fig. 4. Schematic overview of chirp-to-intensity conversion.

To test this approach we have built the setup corresponding to Fig. 5. The laser was biased
at 67 mA, a value far from the threshold of 30 mA, and the bit pattern generator produced a
sequence of one ”1” followed by seven “0” with a peak-to-peak voltage of 0.57 V. The
measured intensity and chirp are displayed at Fig. 6(a) in solid and dashed line,
respectively. For the measurement of the chirp we employed the transport-of-intensity
equation procedure (Dorrer, 2005), for which an SMF of 0.415km was used. We can
appreciate the monocycle-like profile of the chirp. The spectrum corresponding to the laser
and the filter, when located at the optimal point to achieve the monocycle shape, are
displayed together in Fig. 6(b). The average optical power level before and after the filter
was measured to be 5.6dBm and —9.1dBm, respectively.
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Fig. 5. Experimental setup to achieve monocycle UWB pulses based on chirp-to-intensity
conversion.
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Fig. 6. (a) Input laser intensity pulse in amplitude (solid line) and chirp (dotted line) and (b)
normalized spectrum of laser pulse (solid line) and amplitude filter (dotted line).

In order to test the validity of the signal for UWB communications we performed an
additional transmission experiment. The optical signal is amplified by an Erbium-doped
fiber amplifier (EDFA) and propagated through 20 km of non-zero dispersion shifted fiber
(NZDSF) with 4.5dB loss and 5 ps/nm/km dispersion. This dispersion leads to a GDD
parameter very low to distort the achieved UWB pulse. The intensity waveform at the
output is detected by a 10GHz bandwidth photodiode (PD) which intrinsically assists in
smoothing undesired high-frequency RF components that do not fall into the UWB range.
The resultant electrical signal is measured in the RF domain by an electrical spectrum
analyzer (ESA) with a resolution of 1IMHz, and in the time domain by a sampling
oscilloscope. The EDFA is adjusted so that the receiver gets an average optical input power
of —0.5 dBm. Figure 7 shows the measured resultant UWB signal consisting of a monocycle-
like pulse in time and frequency domain. For the frequency domain picture, we selected a
repetition rate of 390.6MHz (a ”"1” followed by 32 ”0”) so that the achieved spectral shape is
properly sampled. As it can be appreciated, the RF spectrum spreads over the UWB region.
Due to the monocycle-like waveform, non-disregarding low-frequency content still remains,

which can be minimized by reducing the power into the photodiode with some extra
attenuator.
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Fig. 7. UWB monocycle in (a) time domain and (b) frequency domain.

3.2 Overshooting effect

Using the same components we can also achieve a doublet UWB pulse. The physical
principle behind is showed in Fig. 8 (a). We drive the DFB laser with the electrical inverted
data from the pattern generator, and forward bias it with a current close to the threshold (at
35mA in the experiments). In the large-signal modulation regime, the laser power
overshoots at the rising edge due to relaxation oscillations and then reaches the steady state
(Agrawal, 2002). We can then filter this radiation with an optical filter in order to reshape
the waveform to achieve the desired doublet UWB profile.
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Fig. 8. (a) Heuristic explanation of the physical principle to achieve the UWB doublet. (b)
Experimental setup.

Figure 9(a) shows the electrical data pulse (green dash-dotted line) applied to the laser, and
the output optical intensity (red solid line). The overshooting effect at the trailing edge of the
pulse is apparent. The power oscillates at the relaxation oscillation frequency before
achieving a steady state following the shape of the driving electrical signal. We measured
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the RF spectrum of this waveform with the 10 GHz bandwidth PD and verified that it was
not UWB compliant. However, we were able to produce the required pulse characteristics
by passing this laser pulse through the same Gaussian spectral filter as before, but at a
different operation point. In Fig. 9(b) we show the output laser spectrum (blue solid line)
and the filter profile placed in the optimal position to achieve the doublet shape. As we can
see, the high-frequency optical components are smoothed. It should be mentioned that
previously-reported approaches for optical filtering of gain-switched lasers tried to avoid
this overshooting effect and aimed to generate bellshaped ultrashort waveforms (Nakazawa
et al. 1990; Niemi et al. 2001). Our goal here is instead to optimize the intensity profile so
that this waveform can be exploited for UWB RF signal generation. After the optical
filtering, we converted the optical signal into the electrical domain with a 10 GHz
bandwidth PD, and succeeded in generating a doublet-like UWB impulse, as shown by the
green line in Fig. 10 (a).
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Fig. 9. (a) Intensity laser profile (red solid line) and electrical data signal (green dashed line).
The temporal scale has a different origin for the electrical and optical signals. (b)
Normalized spectrum of laser pulse (solid line) and amplitude filter (dotted line).

In order to verify the usefulness of this method we performed an additional experiment for
propagating the signal through an optical fiber link. For this evaluation, the signal needed to
be amplified after optical filtering and the O/E converter was placed at the receiver. As
indicated in Fig. 8(b), the fiber link is comprised of two stages. We first propagated the
signal through two SMF coils of 44km length each. Then the optical signal was further
amplified and propagated through 30 km of NZDSF as well as 13km of DCF, matched to
compensate for the dispersion introduced by the SMF in the first stage. This constitutes a
total optical link length of 118 km, which represents the largest distance ever reported for
UWRB signal distribution, to the best of our knowledge. The output optical pulse is detected
with the 10GHz bandwidth photodiode and measured simultaneously in the time domain
with a sampling oscilloscope, and in frequency domain with an ESA with 1IMHz
measurement resolution. The achieved signal is displayed in Figs. 10(b) and (c). It possesses
a central frequency of 7 GHz and has a 10 dB bandwidth of 10.2 GHz, hence a fractional
bandwidth of 146 %. The pulse duration was measured to be 236 ps. Comparison of Figs.
10(a) and (b) indicates that there is no significant distortion of the UWB pulse during
propagation. The spikes in Fig. 10c are due to the fact that we introduced a data sequence of
one “1” followed by sixteen ”"0”, so that the RF spectrum of a single UWB pulse is
conveniently sampled at 0.78 GHz for illustration purposes. We achieved higher data
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transmission rates with this optical pulse shape, up to a soft limit related to the output UWB

pulse duration. We have successfully transmitted similar pulses at 3.12 GHz over this fiber
link.
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Fig. 10. Generated UWB doublet in (a) time domain before transmission; (b) after
propagation in the 118 km fiber link and (c) spectral domain.

4. Current trends in photonically assisted UWB-over-fiber

4.1 Advanced modulation formats

Most of the discussion carried out through the Chapter has dealt with the generation of
direct sequence (DS) UWB impulses assuming an ON-OFF keying modulation format.
However, different modulation schemes such as pulse-position-modulation, pulse-polarity
modulation, orthogonal pulse modulation or amplitude pulse modulation are being
investigated. For instance, DS code division multiple access (DS-CDMA) is a widespread
technique in multiple-user wireless communications. In this direction, several photonic
approaches for bi-phase coded UWB impulse generation exist. We mention, for example, the
use of phase-to-amplitude conversion in multichannel fiber gratings (Dai and Yao, 2008); a
spectral filter in a Sagnac loop (Li et al., 2007); or polarization modulation (Ou et al., 2008). A
recent solution based on a higher-order multi-tap reconfigurable microwave photonic filter
features most of the previous modulation formats in a single platform (Bolea et al., 2009).
Another approach worth mentioning is the generation of direct-sequence binary phase shift
keying (DS-BPSK) modulated UWB signals based on the overshooting effect in a distributed
feedback (DFB) laser (Yu et al., 2009). The experimental setup is shown in Fig. 11. A
continuous wave (CW) laser modulated by a 12.5 Gb/s Mach-Zenhder modulator (MZM) is
injected into the first-order lasing side mode of a DFB laser biased close to the threshold. As
a consequence of this, the DFB laser experiences cross-gain modulation along with
associated overshooting relaxation oscillations. The effect is similar to that described in
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section 3.2, the difference being that the DFB laser is not directly modulated, but instead
undergoes indirect optical cross-gain modulation. No optical pulse shaper is required,
making this UWB generation technique particularly simple and attractive.

UWB ‘pi’: 1010 0000 0000 0000
UwB '0’: 0101 1111 1111 1171

| *mf-
L=

OSA

[ Phase Pattern Programme ]

Fig. 11. The schematic configuration for generation of BPSK modulated UWB pulses. CW:
continuous-wave laser, MZM: Mach-Zenhder modulator, PC: polarization controller, DFB:
distributed feedback laser, OSA: optical spectrum analyzer, PD: photodiode, ESA: electrical
spectrum analyzer.

0.15 Output from CW wavelength
0.10 A
0.05 A
0-002 T T T T
< . q Output from DFB wavelength
E P g (b
- 0.4 4
2
® 0.3 4
c
L 0.2
£
Biphase UWB Pulses
0.5 P (c
0.4 4
0.3 4
0 1 2 3 4 5
Time (ns)

Fig. 12. (a) the output pattern from CW wavelength, (b) the output pattern from DFB
wavelength, (c) the calculated biphase UWB pulses from summation of (a) and (b).

At the output of the circulator an UWB pulse is formed from the incoherent summation of
the CW and DFB wavelengths. This is shown in Fig. 12, where Fig. 12(a) is the measured
output pattern from CW wavelength, (b) is the measured output pattern from DFB
wavelength, and (c) is the calculated biphase UWB pulses calculated from the summation of
the measured signals of (a) and (b). Assuming the phase of the pulse generated by the
12.5 Gbit/s pattern “1010 0000 0000 0000" in is 1, and the phase of the pulse generated by
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pattern ‘0101 1111 1111 1111" is O, then it is evident from that binary phase shift keying
coded pulses are generated.

Figure 13 shows the experimentally generated 781.25 Mb/s UWB signals in the time and
frequency domains for the bit sequence 0 m 0 m. The electrical spectrum shows good
compliance with the FCC mask. Use of externally injected DFB lasers is not limited to the
generation of DS-BPSK UWB signals and has also been used for OOK UWB signals as well
(Gibbon et al., 2009) .
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Fig. 13. The generated BPSK coded pulses in the time and frequency domains by using the
pattern sequence 011 0 1.

4.2 UWB pulse shapes “on demand” and antenna distortion compensation

UWB is a wireless communication technology. Most of the previous approaches for
photonic generation of UWB impulses assume that the photodetected signal is going to be
transferred into the antenna without any significant degradation. However, as recently
realized by several groups, this is not the case (McKinney et al., 2008; Abtahi et al., 2008b).
The reason is that most UWB antennas do not have a perfect flat response into the UWB
region specified by the FCC regulations. Besides, the wireless transmission and the receiver
antenna also introduce appreciable changes in the phase and amplitude of the spectrum of
the UWB signal. Therefore, the pulse measured at the photodiode is usually significantly
different to the one measured at the receiver, thus limiting the range, speed and capabilities
of the technology. However, most of these distortions are linear and can be compensated for
by synthesizing a predistorted pulse (McKinney and Weiner, 2006; Abtahi et al., 2008b) or
by post-compensating the pulse (Hamidi and Weiner, 2009), so that the received signal is a
truly UWB impulse waveform.

To this aim, optical pulse shaping technology using either spatial light modulators or fiber
Bragg gratings and the frequency-to-time mapping effect has been employed. This
constitutes an excellent example of the capabilities of photonic approaches to overcome
some of the problems that current electronics-based technology suffers.

4.3 Range extension of high bit rate UWB signals
The users’ increasing demands on broadband and seamless services require that cellular
voice and multimedia services are always available everywhere. Therefore, a system high bit
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rate and long reach distance is highly desired for next generation networks to meet this
requirement. In this case, the generation of high speed UWB signals and its range extension
become more and more attractive. However, the communication range of UWB technology
is limited due to the FCC mask and emission power level constraints. This becomes more
critical as the data rate increases. Basically, the higher the data rate, the lower is the range.
This provides a big challenge. Recently, a 500Mb/s UWB signal transmission over 65cm
wireless distance has been demonstrated (Abtahi et al.,, 2008b), and a research group in
Singapore demonstrated an experiment with 500 Mbps data rate wireless UWB transmission
over 4m in 2003 (Peng et al., 2005).

Digital signal processing (DSP) technology has the well-known advantages of good noise
tolerance, high sensitivity and high flexibility. DSP based receivers are expected to improve
the wireless propagation performance and subsequently extend the range, which is an
important feature to further enhance the usefulness of UWB based high-rate products.

5. Conclusions

UWB-over-fiber is an emerging research field offering an increased range of operation for
this high-rate wireless technology. We have focused on simple photonic solutions based on
semiconductor laser dynamics to generate UWB electrical impulses. In particular, we have
demonstrated that monocycle and doublet impulses can be generated based on the chirping
and overshooting effects, respectively. As basic equipment, we have used directly
modulated laser and optical band-pass filtering with a Gaussian spectral profile. Although
our approach constitutes a very simple solution, the price to pay is the low flexibility in the
design of the pulse shape and the absence of reconfigurability capabilities. We have pointed
out alternative solutions that feature different modulation formats and shapes, as well as
reviewed some exciting possibilities enabled by photonic approaches.
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