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Compact Laser Pulse post Compression Technique

This innovation enables compact compression stage to generate ultra-short, high-energy pulses for industrial and 
medical use. With manipulating pulse properties by rearranging setup geometry, post compression system size 

reduces by 30-50% compared to conventional setups while maintaining performance.

Laser Pulse Post Compression with Spectral Broadening | Laser Energy-Scale Architecture |
Scientific and Industrial Application

background
High-energy pulse compression systems face significant 
challenges with energy scaling, leading to limitations 
that reduce their suitability for industrial applications. 
Pulse post-compression using a multi-pass gas cell 
(MPC) in combination with chirped mirrors is a powerful 
method for compressing pulses in femtosecond level. 
However, despite its broad adoption and versatility, 
high-energy laser systems face a fundamental trade-off, 
as the MPC technique struggles with energy scaling 
relative to the system’s size. In this work, we propose a 
technique to achieve an efficient and compact setup for 
pulse post-compression using MPC.

technology
The system uses a smart 4-mirror configuration to 
create spatial chirp on the laser beam in the pair grating 
system in compressor before MPC. This allows effective 
pulse broadening for higher pulse energies in smaller 
MPC and avoids mirror damage. 

Key features:
•	 Adjustable mirror pairs implement control over 

spatial chirp.
•	 Compatible with standard laser components.
•	 Scalable design from lab to production.
•	 Modular architecture: Compatible with standard 

Yb CPA laser systems, requiring only mirror pair 
additions to existing compressor grating.

•	 50% smaller footprint
•	 20% lower implementation costs
•	 Simplified maintenance
•	 Energy-scalable 

This approach decouples system size from energy 
scaling – demonstrated with 2.5mJ pulses in a 60cm 
chamber vs. traditional 1m+ setups.

potential applications
Laser micromachining, Medical device production, Thin-
film processing, Scientific instrumentation

development status
TRL 4-5 – Validated with 2.5mJ prototypes, ready for 
industrial integration

benefits
•	 Space savings: 50% smaller footprint vs. 

conventional MPCs
•	 Cost reduction: 20-30% lower implementation 

using standard optics
•	 Energy scaling: Proven with 2.5mJ/250fs inputs, 

scalable to 10mJ+
•	 Versatility: Simplified input spatial chirp with mirror 

pairs vs. adjusting the gratings
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Fig.: Schematic of the modified 2-grating configuration including 4 additional mirrors and a multipass 
cell (MPC): Spatial chirp is introduced via the 4-mirrors, which break the symmetry between the input 

and output paths by creating a difference in the optical path lengths between the upper and lower 
stages of the conventional grating system (in 3D-view). Following the introduction of the spatial chirp, 

the beam is focused into the MPC, and the spectral broadening at the output can be controlled by 
changing the pulse energy, gas type and gas pressure within the chamber.


