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Abstract—We propose and demonstrate experimentally a prototype for ultra-wideband (UWB) waveform generator based on
optical pulse shaping. The time-domain pulse shape is written
in the frequency domain, and a single-mode fiber performs
frequency-to-time conversion. A U.S. Federal Communications
Commission (FCC)-compliant power efficient pulse shape is
inscribed in the frequency domain by a fiber Bragg grating (FBG)
with an excellent match between optimized and measured pulses.
Two other popular UWB pulse shapes (Gaussian monocycle and
doublet pulses) are achieved by proper tuning of two FBG-based
variable optical filters. A balanced photodetector removes an unwanted rectangular pulse superimposed on the desired waveform,
assuring compliance at low frequency.
Index Terms—Balanced detection, fiber Bragg grating (FBG),
spectral pulse shaping, ultra-wideband (UWB).

I. INTRODUCTION
ESEARCH into design and generation of the appropriate
ultra-wideband (UWB) pulses supports applications to
consumer indoor wireless communications, medical and military communications, etc. [1]–[4]. UWB systems are highly
power-limited, and pulse-shaping techniques that eke out
the greatest transmission power legally allowed by the U.S.
Federal Communications Commission (FCC) [5] are critical
to enhancing performance. Expert pulse shaping increases the
total transmit power by exploiting all available bandwidth from
near dc to 14 GHz (to the limits of the antenna bandwidth) that
can be used for range extension or power margin.
Pulse generation techniques in general and electronic techniques in particular, mainly focus on the widely adopted
Gaussian monocycle and doublet pulses [1]. Optical pulse
generation techniques for UWB have been proposed based
on optical spectral shaping and frequency-to-time conversion
using a dispersive medium [3], [4], [6]–[8], a principle first
established in [9]. The pulse shaping device in [3] consists of a
bulky free-space grating, a large focal length lens to angularly
disperse the frequency components, and a liquid crystal modulator to modulate the amplitude of frequency components.
Although this arbitrary waveform generator can be used to

R

Manuscript received July 20, 2007; revised October 10, 2007. This work was
supported in part by TELUS Corporation and in part by the Canadian Natural
Science and Engineering Research Council.
The authors are with the Center for Optics, Photonics and Laser (COPL),
Laval University, Quebec, QC G1V0A6, Canada (e-mail: rusch@gel.ulaval.ca).
Color versions of one or more of the figures in this letter are available online
at http://ieeexplore.ieee.org.
Digital Object Identifier 10.1109/LPT.2007.912523

generate any desired UWB pulse, it cannot be used in many
applications due to its large size and high optical loss. Based
on the general concept provided in [3], an all-fiber pulse shaper
was recently proposed in [6] in which two optical filters with
complementary spectra are placed in two arms of an interferometer to shape the power spectrum as the shape of the Gaussian
monocycle or doublet pulses. However, the generated pulses
do not resemble the desired waveform and the RF spectrums
contain a non-FCC-compliant baseband spectral component
below 1 GHz due to the wide Gaussian pedestal of the source.
In addition, its interferometric structure leads to sensitivity to
environmental changes such as temperature or vibration.
In another approach [7], a femtosecond pulse laser is spectrum sliced to the required pulsewidth and the optical pulse train
is then injected into a nonlinear fiber together with a continuous-wave probe laser to create cross-phase modulation (XPM).
A fiber Bragg grating (FBG) is used as a frequency discriminator. By locating the probe laser at the linear or the quadrature slopes of the FBG reflection spectrum, UWB monocycle or
doublet pulses are generated. The two laser sources used in this
technique make it complex and costly.
The Gaussian, monocycle, and doublet pulses are poorly
adapted to the FCC spectral mask. For instance, the doublet
pulse optically generated in [7] violates the FCC mask at low
frequency (especially the GPS band around 1575.42 MHz),
and additional processing to cut the signal at low frequency is
required if these pulses are to be power efficient. Nonetheless,
these pulses are widely used in the literature.
In this letter, we propose a prototype for a UWB waveform
generator based on the concept proposed in [8] to generate
Gaussian, monocycle, and doublet pulses, as well as a simple
FCC-compliant and power efficient pulse. Similar to the approach in [6], this technique exploits spectral pulse shaping
using an FBG, a length of single-mode fiber (SMF) as a dispersive medium to perform the frequency-to-time conversion.
However, instead of an interferometric structure [6], we use a
two-branch structure and balanced photodetector (BPD); due
to this structure, unlike [6], we can completely remove the
unwanted rectangular pedestal and achieve a desired signal that
has both positive and negative going parts. The rectangular
pedestal has frequency components in the band of interest that
distorts the resulting pulse. We use two tunable optical filters
to cut the lower and upper sides of the FBG spectrum. By
appropriately positioning the cutoff wavelengths of the filters,
we can easily generate the Gaussian monocycle and doublet
pulses, as well as the power-efficient FCC-compliant pulse. We
avoid the use of an interferometeric setup and take advantage
of all-fiber components that are less sensitive to environmental
perturbations. Moreover, the proposed structure is less sensitive
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Fig. 1. Schematic diagram of the UWB waveform generator.

to the environmental fluctuations than an interferometric structure: ours involves optical intensity-to-voltage conversion by
the BPD before electronic subtraction, while an interferometric
structure combines optical fields and is thus sensitive to optical
phase variations easily induced by environmental changes.

Fig. 2. (a) Transmittivity of the pulse shaping FBG, tunable Filters 1 and 2;
(b) designed UWB waveform and filters’ shapes.

TABLE I
CUTOFF WAVELENGTHS OF THE FILTERS FOR DIFFERENT UWB WAVEFORMS

II. PRINCIPLE AND EXPERIMENT
A Gaussian pulse is defined by
,
where is a scaling constant and the pulse duration is related
to . The first and the second derivative of the Gaussian pulse are
known as the monocycle and doublet pulses, respectively. All of
these pulses do not exploit the FCC mask efficiently: transmit
power must be severely reduced to prevent violation of the mask,
especially around 1.57 GHz to protect the GPS band. An optimization method is provided in [2] to design the FCC-compliant
UWB pulses while maximizing the transmitted power by efficient utilization of the area under FCC spectral mask. In this
technique, the shifted versions of a basic function are added together with different tap coefficients to design the UWB pulse.
They used a Gaussian monocycle as the basic function, and the
coefficients are obtained by numerical optimization. The larger
the number of taps, the higher the spectral efficiency; on the
other hand, the longer the pulse is, the more complex is the
shape.
To generate the optimized UWB pulse, we shape the spectrum
of a passive mode-locked fiber laser (MLFL) using a cascade of
FBG filters. The spectrum of the laser is first flattened over the
desired bandwidth by an appropriately designed FBG. Then a
pulse-shaping filter modifies the spectrum according to the desired time-domain pulse. The spectrally shaped pulse is sent to
a dispersive medium (e.g., SMF) to perform frequency-to-time
mapping. The SMF may be placed anywhere along the generator; placing it before spectral shaping avoids requiring SMF in
both arms of the BPD. The pulse generated is the summation of
the desired pulse shape and a rectangular pulse with the same
width; the rectangular pulse will be removed by a BPD.
The setup block diagram is shown in Fig. 1. An MLFL generates 270-fs sech pulses with a repetition rate of 31.25 MHz. The
spectrum is then flattened and the optical pulse travels 5.46 km
of SMF with total dispersion of 88.9 ps/nm in order to map
4.5-nm source bandwidth to 0.4 ns. Filters 1 and 2 are chirped
gratings (phase mask chirp
nm/cm) used to cut off the
lower and upper band of the spectrum. The FBGs are mounted
on stretchers for wavelength tuning.
The optical signal is then divided into two arms. In the
first arm, a chirped grating (0.498 nm/cm) with a complex
apodization profile imprints the optimized pulse shape on the
spectrum of the source. The chirped grating’s spectral response

and the index modulation amplitude
are typically related by
[10], where is a
constant depending on the index modulation chirp. Once the
apodization profile is obtained, the gratings are written via a UV
beam scanning technique. The apodization profiles are applied
by dithering the phase mask with an estimated resolution of
300 m. All FBGs are 14 cm long and act in transmission.
In the second arm, the optical delay line and the variable
attenuator are used to balance the amplitude and the delay
of the two arms. The two arms are connected to a 10-GHz
DSC-710 BPD. The detected UWB pulse shape is then viewed
on a 40-GHz sampling scope (Agilent 86100A) and the
corresponding electrical power spectrum is measured by a
high-speed RF spectrum analyzer (HP 8565E).
In this letter, we use the method in [2] to design a simple
waveform that respects the FCC mask at all frequencies. This
waveform, shown in Fig. 2, contains two large positive and
negative peaks confined between two smaller peaks with a
total duration of 0.4 ns. By appropriate windowing of this
FCC-compliant pulse, a very good approximation of monocycle and doublet pulses can be obtained. Fig. 2(a) shows the
transmittivity of the pulse-shaping FBG (solid line), as well
as those of two filters (dashed and dotted lines). The cutoff
wavelengths of Filter 1, , and Filter 2, , are varied between
to
and
to , respectively. By stretching the FBGs,
the cutoff wavelengths are located at the appropriate positions
(based on the Table I) to generate the monocycle, doublet,
and the FCC-compliant waveforms. The generated waveforms
depend on the transition shape of the filters taking into account
the effects of the limited bandwidth of the BPD. Fig. 2(b) shows
the optimized FCC-compliant pulse and the measured shape of
the filters around the cutoff wavelengths. The optical filtering
of the pulse shaping FBG’s spectrum is equivalent to the time
windowing of the designed pulse.
Experimental results are shown in Fig. 3. The left column
gives the targeted time-domain pulse (dashed) and the measured
pulse (solid). The right column gives the measured RF spectrum
superimposed on the FCC mask (dashed) and Fourier transform
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(solid line). There is no need for reduction in the transmitted
power.
As we can see, the proposed UWB waveform generator is able
to generate not only the Gaussian monocycle and doublet pulses,
but also an FCC-compliant power optimized pulse by simply
stretching two FBG filters. If only the FCC-compliant powerefficient pulse is of interest, the two filters can be combined in
a single FBG to reduce system complexity.
III. CONCLUSION
In this letter, we proposed and experimentally demonstrated
a UWB waveform generator based on spectral pulse shaping of
coherent light and frequency-to-time conversion. Our design is
based on a simple FCC-compliant power-efficient UWB pulse.
The monocycle and doublet pulses can also be easily generated
by stretching two FBGs responsible for the filtering of the lower
and upper sides of the flattened source spectrum. A BPD removes the undesired rectangular-shaped pulse superimposed on
the desired pulse, which exists in all techniques involving frequency-to-time conversion. The system is quite stable and insensitive to environmental changes such as temperature or vibration.
Although the Gaussian monocycles and doublet pulses do not
efficiently exploit the spectral mask imposed by the FCC, they
can be useful for less power-critical applications.
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