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Nonlinear Single Mode Waveguide Inscribed by a Femtosecond Laser in Tellurite Glass
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Abstract
A depressed cladding waveguide was inscribed in the bulk high-purity tungstate-tellurite oxide glass TeO2-WO3-Bi2O3. The glass with low content of absorbing impurities of 3d-transition metals and hydroxyl groups was produced by the oxides mixture melting in the atmosphere of purified oxygen. The cladding surrounds unmodified core and consists of thirty-two tracks, which were written by femtosecond laser pulses (wavelength was 1028 nm, pulse duration 180 fs, repetition rate 180 kHz) focused in the sample by objective with numerical aperture NA=0.85. The refractive index of tracks composing the cladding is lower than the refractive index of unmodified region by 0.0008. We have obtained a single-mode waveguide of 15 mm length with a core diameter of 14 μm. The measured propagation loss was as low as 0.15 dB/cm at 1064 nm.

Nonlinear propagation of femtosecond pulses in the waveguide was studied at wavelength of 1030 nm with spectrum width of 5 nm. A femtosecond laser beam was coupled to the waveguide end with a two-lens system. Pulse duration was 300 fs, pulse energies were in the range of 5÷100 nJ. The light passed the waveguide was collected and analysed with a spectrometer ANDO AQ6317B. The spectrum width of the light at waveguide output reaches 100 nm at a pulse energy of 100 nJ. We explain the spectrum broadening by self-phase modulation due to high Kerr nonlinearity of the glass studied, which exceeds the nonlinearity of fused silica by factor of 30. Thus, high nonlinearity of the inscribed waveguide in combination with high transparency in near- and mid-IR makes tellurite glasses an attractive material for applications in nonlinear photonics devices.
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