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Post-compression methods for ultrafast laser pulses typically face challenging limitations including saturation effects and 
temporal pulse break-up when large compression factors and broad bandwidths are targeted. To overcome these 
limitations, we exploit direct dispersion control in a gas-filled multi-pass cell, enabling for the first time single-stage post-
compression of 150 fs pulses and up to 250 µJ pulse energy from an Ytterbium (Yb) fiber laser down to sub-20 fs. 
Dispersion-engineered dielectric cavity mirrors are used to achieve nonlinear spectral broadening dominated by self-
phase-modulation over large compression factors and bandwidths at 98% throughput. Our method opens a route towards 
single-stage post-compression of Yb lasers into the few-cycle regime. © 2020 Optica Publishing Group 

 

Ytterbium (Yb)-based laser systems are playing an increasingly 

important role in the field of ultrafast science. In contrast to 

Ti:Sapphire (Ti:Sa) laser systems, Yb-based lasers are power-

scalable into the kilowatt (kW) regime while operating at high 

repetition rates [1], making them a valuable tool not only for 

average power-demanding applications, but also for improving 

the signal-to-noise ratio of laser-based experiments. However, 

amplifier gain bandwidth as well as gain-narrowing effects 

typically limit their pulse duration to >100 fs. A route to 

overcome this limitation is the use of spectral broadening 

techniques with subsequent post-compression, allowing for the 

generation of few-cycle pulses with energies reaching far into the 

mJ regime (mJ) [2-6]. In this context, gas-filled or solid-state-

based multi-pass cells (MPC) have emerged as promising 

alternative to the more conventional hollow-core-fiber technique 

as they support high efficiency, great energy scaling options, low 

beam pointing susceptibility and compact setups [6,7]. Using a 

single-stage MPC, post-compression of Yb-lasers to about 30 fs 

has been already demonstrated with an overall transmission 

exceeding 96% [4,8]. Recently, various attempts have been made 

to enable direct compression of Yb-lasers into the few-cycle 

regime [9,10], for instance a double-stage approach has been 

used to reach compression of 1.2 ps pulses down to 13 fs. This 

result has not only been achieved in a cascaded arrangement of 

long MPC setups, but also with the use of metallic cavity mirrors 

to support sufficient spectral bandwidth, causing significant 

losses. Other recent approaches use cascaded post-compression 

schemes employing multiple stages [11] as well as fiber-based 

modal mixing schemes [12].  An important asset to mitigate general limitations of spectral broadening such as peak power degradation, self-steepening or temporal pulse break-up is the direct control of dispersion and nonlinearity, determining dispersion length LD and nonlinear length LN, as defined e.g. in [13] and [14], 







FROG-retrieved temporal profile (Fig. 4(b)) shows a compression to 17.2 fs FWHM with a FROG error of approx. 0.3%. In conclusion, we have demonstrated the potential of direct dispersion control in MPCs to overcome limits of conventional spectral broadening schemes targeting few-cycle pulses. Our approach allows for large compression ratios while maintaining high transmission, excellent beam quality and SPM-dominated spectral broadening even at large spectral bandwidth supporting few-cycle pulse durations. The observed restrictions in pulse duration and spectral bandwidth can be circumvented by further improving the coating design of the cell mirrors.  The here presented approach of precise dispersion engineering has the potential to extend the application range of MPCs even beyond self-phase modulation and towards other nonlinear processes such as soliton [25] and dispersive wave generation [26], four-wave mixing and nonlinear frequency shifting [27].  
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