
 
 
 
 

 
 
 
 

Top-hat beam output with 100 µJ pulses from a linearly 
polarized all-fiber system 

Pierre Calvet1,2 
Constance Valentin2, Pierre Gouriou1,2, Yves Quiquempois2, Géraud Bouwmans2, 

Laurent Bigot2, Marc Douay2, Arnaud Mussot2, et Emmanuel Hugonnot1 

 
1Commissariat à l’Énergie Atomique et aux Énergies Alternatives, Centre d’Études Scientifiques et 

Techniques d’Aquitaine, 
2Laboratoire de Physique des Lasers, Atomes et Molécules, UMR 8523, IRCICA 

 
Abstract : 
 
The compactness, long term stability, versatility and ease of use capabilities are important advantages 
of fiber lasers and amplifiers over bulky systems [1]. Their optical performances and ability to deliver 
high power or energy pulses find widespread applications in various industrial areas, for laser-
biological tissues interactions, for fundamental studies of laser-matter interaction processes or for 
seeding large-scale laser facilities like the Laser MegaJoule (LMJ) [2]. For many of these applications, 
specific spatial beam shaping and more particularly a flattened profile is often a decisive requirement. 
Unfortunately until recently, optical fibers only deliver Gaussian-like beam, constraining the use of 
free-space beam shaping techniques at the output of laser systems [3]. To overcome alignment 
difficulties inherent to free space beam shaping, an elegant solution is to use an optical fiber directly 
delivering the desired spatial beam shape. Of course, an efficient solution is to use highly multimode 
fibers [4–6] but it leads to a low spatial coherence inducing very low depth of focus which is often 
detrimental for many applications, such as cutting or marking. To overcome these drawbacks, single-
mode fibers supporting a flattened fundamental mode have been developed [7–10]. Despite their 
promising designs, these proposed fibers were still multimode. However, very recently we have 
developed a new strategy to obtain intrinsically single-mode fibers with very good intensity flatness by 
using a refractive index-depressed core [11]. Accordingly, we have realized and characterized a truly 
single-mode passive few-meters long fiber able to deliver a top-hat beam output [12]. We report on an 
all-fiber system delivering more than 100 µJ pulses with a top-hat beam output in the few nanoseconds 
regime at 10 kHz. The linearly polarized flattened beam is obtained thanks to a 3-mm-long single-
mode microstructured fiber spliced to the amplifier’s output [13]. 
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