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Directly Writing Single Polarization Microstructure Waveguide in Fused
Silica by High Repetition Rate Femtosecond Laser

Wang Yuerong LiYi Wang Sijia He Shutong Chai Lu Wang Qingyue Hu Minglie
(Key Laboratory of Optoelectronic Information Technical Science of Ministry of Education , Ultrafast Laser Laboratory,

College of Precision Instruments and Optoelectronics Engineering, Tianjin University. Tianjin 300072, China)

Abstract Femtosecond laser at 1040 nm centre wavelength with 190 fs pulse width and variable (200~5000 kHz)
repetition rate has been applied to microfabricate fused silica. Threshold energy has been measured as a function of
the pulse repetition rate and the scan speed. The role of thermal diffusion and heat accumulation effects in forming
waveguide is demonstrated. Double-line waveguides with the optimal parameters have been written, where the
guided mode is fundamental mode and nearly circular. Hexagonal microstructure waveguide with elliptical cells has
been made, where the mode has a nearly Gaussian intensity profile at 1040 nm. The microstructure waveguide has a
large mode area about 247.48 ym® and single polarization propagation property with extinction ratio about 9.05. The
numerical aperture of the waveguide is about 0.017.
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Fig. 2 Top side images and cross-section images of three
typical damage structures fabricated in fused silica
by focusing femtosecond laser. (a) Light line
structure and (d) its sectional view; (b) dark line
structure and (e) its sectional view; (c¢) pearl

chain structure and (f) its sectional view
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Fig. 3 Threshold pulse energy of type II modification as a function of (a) pulse repetition rate and (b) scanning speed
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images of guided mode of double-line waveguide.
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