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Research Progress on Beam Homogenization and Shaping Technology
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Abstract Fiber lasers are widely used in industrial processing, military defense, and other fields. The energy distribution
of the laser output in fiber lasers is Gaussian-like distribution. This nonuniform energy distribution within the spot diameter
affects the consistency of the processing effect at different positions along the spot diameter when applied to lithography,
welding, etc. Therefore, homogenizing and shaping Gaussian-like beams in practical applications is greatly significant.
Compared with the beam shaping method of the traditional spatial structure, using the all-fiber structure in beam shaping
provides a simple structure and good compactness for the fiber lasers. By summarizing the research progress of various
scholars over the years, the homogenization and shaping technology of the all-fiber structure is classified into two
categories: increasing the components of the high-order mode in the output laser and directly changing the energy
distribution of the fundamental mode. In this paper, we present the research status of all-fiber structure beam
homogenization and shaping technology and discuss prospects of future development in all-fiber structure beam shaping
technology.
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High-refractive-index ring structure and simulation results"". (a) Refractive index distribution; (b) mode energy distribution at

different core refractive indices
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Fig. 6 Flat top mode fiber'". (a) Cross section; (b) refractive index profile; (c) a flat mode simulated in a fiber
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Fig. 7 Simulation results at different wavelengths'”. (a) Flatness of the mode energy distribution at different wavelengths;

(b) energy distribution profile of the fundamental mode at different wavelengths
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Fig. 14 Output spot of the single-mode laser after passing through multi-mode fibers with different core diameters™”. (a) Core diameter
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Fig. 20 Experimental results””.(a) Spot energy distribution at different observation distances; (b) spot energy distribution at different
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Table 1 Summary of basic principles of different beam homogenization and shaping technology with fiber structures

Homogenization and
. Method
shaping technology

Basic principle

Fundamental mode shaping . :
microstructured fibers

High-refractive-index ring-structured core or  Directly change the energy distribution of the fundamental

mode

Promotes the coupling of fundamental mode energy to

Multimode fiber with large core diameter

Long period grating
High-order modes shaping Tapered fiber

Fiber end face etching

Incoherent superposition of fundamental and

higher-order modes

higher-order modes

Promotes the coupling of fundamental mode energy to
higher-order modes

Promotes the coupling of fundamental mode energy to
higher-order modes

Promotes the coupling of fundamental mode energy to
higher-order modes

Increase higher-order mode energy without reducing

fundamental mode energy
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