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Abstract The femtosecond laser direct-writing technique has been extensively explored for fabricating three-dimensional
optical waveguide devices in transparent, hard, and fragile materials owing to its ultrashort pulse duration, ultrahigh peak
power, high manufacturing precision, and efficiency. Recently, there is a growing interest in producing optical waveguide
devices in flexible polydimethylsiloxane (PDMS) using the femtosecond laser direct-writing technique. This study
reviewed the latest development in femtosecond laser direct-writing Type-I optical waveguide devices in flexible PDMS,
focusing on three aspects: the basic principle of different kinds of optical waveguide written by femtosecond laser; materials
design, direct-writing principle, and processing technology of Type-I optical waveguide directly-written by femtosecond
laser in flexible PDMS in last five years; and research progress of the application of the optical waveguide devices in
{lexible PDMS based on femtosecond laser direct-writing technique for diffraction gratings and cochlear endoscope.
Finally, herein, the research progress in this field is summarized, analyzed and concluded, and the future research,
application, and developmental direction are outlined.
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Fig. 5 Two types of waveguides in z-cut LiNbO, written by laser at a pulse energy of 0.2 pJ and different pulse widths ™.

(a) (b) Extraordinary refractive index profile and guided optical mode at a wavelength of 633 nm for a pulse duration of 220 fs,

Type-I; (c) (d) extraordinary refractive index profile and guided optical mode at a wavelength of 633 nm for a pulse duration of

1. 1ps, Type-II
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Fig. 6 Schematics of two-photon polymerization processing. (a) Two-photon absorption processing™™; (b) scheme for fabrication of

optical waveguide based on two-photon polymerization !
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Fig. 7

Femtosecond laser direct-writing Type-1 optical waveguides in PDMS immersed with photosensitized monomer””. (a) PDMS

curing; (b) immersing the cured PDMS into photosensitized monomer solution; (¢) femtosecond laser direct-writing Type-1

optical waveguides; (d) heat treatment to remove residual photosensitized monomer; (e) absorption spectrum of photosensitized

monomer phenylacetylene in acetonitrile solvent, purple arrows indicate two-photon and three-photon absorption wavelengths,

inset shows the multiphoton polymerization reaction equation of phenylacetylene; (f)(g) top view and cross-sectional view of the

Type-1 optical waveguide directly written in PDMS by femtosecond laser; (h) plots of optical waveguide width and height as a

function of direct-writing depth
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Fig. 8 Femtosecond laser direct-writing compound optical waveguide via multiple scanning"*”

. (a) Schematic of direct-writing optical

waveguide by multi-scan stacking method;(b1)—(b3) cross-sectional view (upper) and top view (lower) of the optical waveguide

written by single-, double-

, and triple-scan stacks; (c) large array of 12 X 12 optical waveguides written directly based on the

triple-scan stacking method
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Fig. 9 Femtosecond laser direct-writing Type-I optical waveguide in cured PDMS doped with photosensitizer"™"

. (a) Schematic of
515 nm femtosecond laser direct-writing optical waveguide in flexible PDMS; (b) transmission spectra of PDMS doped with
different photosensitizers, inset, cured PDMS bulk after doping with photosensitizer; (¢) microscopic near-field images of
optical waveguides direct-written under different laser power densities, left, burnt, right, not burnt; (d) two photosensitive
mechanisms, namely, cleavage and hydrogen-abstraction; (e) measurement of optical waveguide coupling, transmission loss,

and mode field
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Fig. 10 Electrode array devices inserted inside the human cochlea™’
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inserted inside the human cochlea; (b) cochlear implant module with the PDMS waveguide bundle endoscope
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Fig. 11 Simulation and calculation for the input and output imaging signals based on optical

MNIST database and refractive index distribution of a 12X 12 PDMS waveguide bundle;
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(e)(d) r—z and y—z propagation profiles

along 2 cm propagation length at 600 nm wavelength; (e)(f) output intensity profile after 2 cm and 4 ¢cm propagation length
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