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Photonic implementations of radio-frequency (RF) arbitrary waveform generation and processing offer many potential 
advantages as compared to purely electronic systems in terms of bandwidth, power consumption and immunity to 
electromagnetic interference [1]. State-of-the-art techniques of waveform generation based on direct space-to-time mapping, 
Fourier transform (FT), pulse shaping, or time-domain spectral shaping [2], generally provide RF signals with large RF 
bandwidth (> 20 GHz) and large time-bandwidth product (TBWP>100). However all techniques developed so far make use 
of an actively or passively mode-locked laser, resulting in high complexity and cost [1]. On the other hand, among the 
different photonic techniques for processing RF signals, real-time Fourier transform (RTFT) is particularly attractive since it 
can be readily implemented by propagation in first-order dispersive media [3]. However, due to the lack of dispersion in 
transparent media, the frequency resolution of the dispersive RTFT is typically limited above the GHz range.  
 
Here, we show that systems based on frequency shifting loops (FSL) constitute a credible alternative to both conventional 
photonic AWGs and dispersive RTFT systems. In the first case, FSL systems are found to exhibit the same characteristics as 
state-of-the-art photonic AWGs system while making use of a single CW laser. In the case of RTFT, the use of FSLs enables 
to increase the frequency resolution by orders of magnitude, and can be generalized to real-time fractional Fourier transform 
(FrFT). 
 
First we have demonstrated that FSLs enable to generate the RTFT of RF signals with unprecedented capabilities [4]. Our 
technique is based on a FSL seeded with a CW laser, the latter being modulated by the input RF signal. Recall that a FSL 
consists of an optical fiber loop, containing an acousto-optics frequency shifter (AOFS) and an amplifier to compensate for 
the losses. A coupler enables to seed the loop, and to extract a fraction of the intra-cavity light field. A simple functionality of 
FSL is the generation of an optical frequency comb when the loop is seeded with an un-modulated CW laser. When the 
product of the roundtrip time in the loop (��) by the frequency shift per round-trip (��) is an integer number, the intensity at 
the output of the FSL maps repeatedly the power spectrum of the input RF modulation signal. The frequency resolution of the 
technique lies in the tens of kHz range, and the latency time is minimum (equal the inverse of the frequency resolution). 
Moreover we have recently shown that in the general case where the product ���� is not an integer, the output time trace maps 
repeatedly the square modulus of the fractional Fourier transform (FrFT) of the input RF signal. The order of the FrFT is 
simply reconfigurable, while the frequency resolution still lies in the kHz range. The extension of the RTFT to the fractional 
domain is particularly interesting for the processing of linearly chirped RF signals, including filtering of chirped signals, and 
chirp rate measurement. We provide an experimental demonstration of the technique, and prove its application to the 
measurement of arbitrary RF chirp rates. 
 
Additionally, the intrinsic capability of the FSL to generate the FT of the input signal can be used in the reciprocal way, for 
the generation of arbitrary signals. The CW seed laser can be modulated in both phase and amplitude, so as to generate the 
desired output RF waveform. We provide an experimental demonstration of the capability of FSLs for the generation of 
arbitrary RF waveforms with durations ranging from several ns to hundreds of ns, with tens of GHz-bandwidth, and time-
bandwidth products exceeding a few hundreds. FSL systems, which require only a single CW laser, constitute a promising 
alternative to conventional photonic AWG  systems based on mode-locked lasers. 
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