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In recent years, advances in pulse-
shaping technology have shown great 

potential for applications in microwave 
photonics.1,2 Researchers’ interest is 
partly motivated by the fact that the 
generation of arbitrary electromagnetic 
signals with 1-50 GHz frequency con-
tent is a challenge for purely electronic 
systems. Broad bandwidth signals could 
have a positive impact on high-speed 
wireless communication systems and find 
interesting applications in radar, remote 
sensing and electronic-equipment test 
measurements.1 

Previously demonstrated photonic-
based arbitrary waveform generators 
(AWGs) fall easily within the desired 
frequency range. Their principle of op-
eration is based on the following general 
scheme. First, a broadband coherent 
signal (e.g., from a mode-locked laser) is 
synthesized in a user-defined way in the 
optical domain. Usually, pulse shapers 
based on spatial light modulators are pre-
ferred to all-fiber configurations because 
they provide reconfiguration capabili-
ties.2 Once the synthesis is performed, 
the light intensity is transferred to the 
electrical domain simply by using a high-
speed photodetector. 

In this way, the detector sets the upper 
limit on the achievable electrical band-
width. Therefore, while obtaining high-
frequency electrical signals is a relatively 
straightforward task with mode-locked 
lasers, reaching the low-frequency regime 
remains a challenge.

In 2003, this problem was circum-
vented thanks to the coherent “wave-
length-to-time mapping technique” 
demonstrated by Jalali’s group at UCLA.3 
This scheme consists of synthesizing the 
energy spectrum of a coherent broad-
band signal with a Fourier-transform 
pulse shaper and later transferring the 
designed spectral shape into the electrical 
domain by stretching the optical pulse 

in a dispersive medium (e.g., fiber) and 
subsequently detecting it. Accordingly, 
the scaling factor of the resulting elec-
tromagnetic waveform can be tunable by 
adjusting the amount of dispersion.

We have gone one step further and 
shown that this widely used system can 
be operated with a spectrally incoherent 
light source such as amplified spontane-
ous emission (ASE). The physical mecha-
nism behind this configuration relies on 
the temporal version of the vanCittert-
Zernike theorem formulated by Dor-
rer in 2004.4 This theorem extends the 
previous wavelength-to-time mapping to 
the incoherent regime. In 2006, we sug-
gested a theory of how this could be used 
for AWG. This year, we achieved the first 
experimental results.5 

The setup is shown in the figure. 
The main goal is to avoid the use of a 
mode-locked laser. Apart from being an 

Example of generating a chirped sinusoidal signal: The incoherent radiation is spectrally 
shaped with a Fourier transform pulse shaper. Once the spectrum is synthesized, the radiation 
is modulated with an external modulator. Finally, the light is stretched in a fiber long enough 
so that the output-averaged intensity becomes a scaled replica of the synthesized energy 
spectrum. The scaling factor is exactly the same as in the coherent version and, therefore,  
the previous advantageous features are preserved.

interesting economic alternative, this 
allows us to control the repetition rate 
of the electromagnetic waveform with 
an external clock. This is a key feature to 
perform continuously operating radio-
frequency waveforms. To date, we have 
generated arbitrary electrical signals with 
frequency content around 1-10 GHz 
using standard 10 Gb/s telecommunica-
tions equipment. t
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