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1. Introduction 

The internal modification of materials (refractive index change and defect region) by ultrashort 

pulse laser processing is widely used for the fabrication of diffraction gratings, optical waveguides, 

photonic crystals, optical storage, and chemical etching guides. In the fabrication of diffraction 

gratings using the internal refractive index change by ultrashort pulse laser processing, it is 

necessary to realize high-throughput simultaneous parallel processing by parallelizing focused 

beams and to fabricate thick diffraction gratings with high diffraction efficiency by elongating the 

axis of the focused beam. The holographic laser processing method using computer-generated 

holograms (CGHs) displayed on a spatial light modulator (SLM) solves this problem by spatially 

shaping the laser beam [1]. In this study, we generate parallel long-axis beams by combining a 

CGH for generating parallel beams and a CGH for generating a long-axis focused beam and 

generate beams with high precision in the processing optical system.  

 

2. High-precision generation of parallel long-axis focused beams 

For high-precision generation, the CGH for array beam generation is updated so that the plasma 

emission intensity of each spot generated during laser processing is made uniform. CGH is 

optimized while observing the processing situation, achieving high-precision processing.  shows 

the change in uniformity of each spot due to the optimization process. 

By using a hologram with a uniform beam profile in the axial direction for long-axis processing, 

processing can be performed while freely changing the distance in the axial direction. Axial beam 

generation was performed using a three-dimensional weighted iterative optimization (WGS, 

Weighted Gerchberg - Saxton) algorithm [2]. 
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