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Abstract Femtosecond laser direct writing is a highly efficient and flexible three-dimensional processing technique

with high precision, which is widely used in many fields.

Optical waveguide that confines light propagation in

microscale channels is one of the basic components in integrated photonic devices. Laser crystals are major gain

media for all-solid state lasers. The femtosecond laser direct writing that constructs the optical waveguides in laser

crystals preserves the original features of bulks, and can prepare low-cost and high efficiency waveguide laser

devices. Starting from two types of femtosecond laser induced structural modifications (with refractive index

change) in crystal, this work reviews the categories,

characteristics, and applications of laser crystal optical

waveguides fabricated by the femtosecond laser direct writing. The application prospects in relevant fields are also

presented.
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Fig. 1 Waveguides fabricated by multiscan technique in Ho: YAG ceramics. (a) Microscopic image of end-face after multiple

scanning for Ho: YAG waveguide; (b)(c) mode profiles at wavelengths of 1.55 pm and 1.95 pm. Scale bar is 10 pm
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Fig. 2 Dual-line waveguides in Nd : GGG crystals.

(a) Microscopic image of dual-line waveguide in
Nd : GGG crystals fabricated by femtosecond
laser; (b) simulated refractive-index profile at
end-face of waveguide; (c) (d) measured and
calculated mode profiles at wavelength of

632.8 nm, respectively
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Fig. 3 Cladding waveguides in Nd : YAG crystals.
(a) Schematic of cladding waveguides directly
written by femtosecond laser in Nd : YAG
crystals; (b) microscopic image of double-
cladding waveguide; (c) (d) microscopic images
of single-cladding waveguides with diameters of

100 pm and 30 pm, respectively™!
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Fig. 4 Beam-splitter composed of optical-lattice-like
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Ti:Sapphire cladding waveguides directly written
by femtosecond laser. (a) Prototype of beam-
splitter with three different parts; (b) schematic
and (c) microscopic images of three parts,

respectively™®"
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Fig. 5 Fabrication of ridge waveguides in Nd: GdCOB
crystals. Schematics of fabrication process for
(a) planar waveguide and (b) ridge waveguide in

Nd : GdCOB crystals; microscopic images of

(¢) surface and (d) end-face of ridge waveguide!'®
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Fig. 6 Dual-line waveguides in Nd: YAB crystals. (a) Microscopic image of dual-line Nd: YAB waveguide fabricated by

femtosecond laser direct writing; (b) near-field intensity distribution at 1090 nm along TM polarization; (c) near-

field intensity distribution at 632.8 nm along TE polarization™!
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direction)?*
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