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Laser Microfabrication of Multidirectional Side-fire Optical Fiber Tip
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Currently, various optical fiber tips are used to deliver laser beam for endoscopic surgery. In this
paper, we demonstrated multidirectional (forward and side) firing optical fiber tip using a
femtosecond micromachining and CO; laser polishing technology. We controlled the edge width
of optical fiber tip, by modulating the condition of CO; laser, to regulate the amount of side and
forward emission. The distal end of the optical fiber with core/clad diameter of 400/ 440 um was
microstructured with cone shape by using a femtosecond laser. And then the microstructured
optical fiber tip was polished by CO; laser beam result in smoothing and specular reflection at the
surface of the cone structure. Finally, we operated the LightTools simulation and good agreement
was generally found between the proposed model and experimental simulation.
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Fig. 1 Schematic diagram of multidirectional side-fire
optical fiber tip
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Fig. 2 Schematic diagram of femtosecond laser micro-

machining system
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Table 1 Specification of femtosecond laser and CO, laser

Femtosecond laser CO, laser

Wavelength 785.5 nm 10.6 pm
Pulse width 185 fs CwW
Max power 1 W(1 mJ@1 kHz) 30 W
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(@) (b)
Fig. 4 Optical microscope side image of multidirectional
side-fire optical fiber tip. Edge width is (a) 40 pm

and (b) 60 pm

)

Fig. 5 Optical microscope forward image of multi-

directional side-fire optical fiber tip. Edge width
is (a) 40 um and (b) 60 um

(@) (b)

Fig. 6 Emission image of multidirectional side-fire
optical fiber tip. Edge width is (a) 40 um and (b)
60 pm
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Fig. 7 Modeling image of multidirectional side-fire

optical fiber tip using LightTools simulation
program. Edge width is (a) 40 pm and (b) 60 um
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Fig. 8 Raster graphic intensity profile of multidirectional

side-fire optical fiber tip using LightTools
simulation program. Edge width is (a) 40 pm and
(b) 60 pm
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