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Inscription of Waveguides in Terbium Gallium Garnet Using
Femtosecond Laser
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Abstract Femtosecond-laser-photolithography is a flexible avenue to fabricate three-dimensional photonic devices in
transparent materials. Terbium gallium garnet is widely used because of its Faraday rotation. Femtosecond laser
operated at 1 kHz with a central wavelength of 800 nm is used to write double line waveguide and circular depressed-
cladding waveguide in terbium gallium garnet. The distributions of refractive index change are reconstructed, and
propagation losses of the waveguides are measured. Only the double line waveguide shows polarization dependent
optical guiding. The magneto-optic response of the waveguides is determined. The rotation of plane of polarization
cannot be occurred in double line waveguide under externally applied magnetic field ascribed to the phase mismatch of
transvers electric (TE) mode and transverse magnetic (TM) mode. For the circular depressed-cladding waveguide,
the plane of polarization is rotated under applied magnetic field. The inscribed double line and circular depressed-
cladding waveguide in terbium gallium garnet are candidates for waveguide polarizer and magneto-optic device
respectively, which are valuable for integrated optics.
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Fig. 2 Optical transmission micrograph at the end of the
waveguides. (a) Double line structure; (b)

circular cladding structure
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Fig. 3 Near-field modes of the double line waveguide.
(a) Near-field mode for injected 980 nm radiation
with vertical polarization; (b) near-field mode for

with  horizontal

injected 980 nm radiation
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Fig. 5 (a) Calculated relative refractive index distribution of the double line waveguide corresponding to the near-field mode

presented in Fig. 3 (a); (b) calculated relative refractive index distribution of the circular cladding waveguide

corresponding to the near-field mode presented in Fig. 4(a)
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Fig. 6 (a) Insertion loss of the double line waveguide and (b) the circular cladding waveguide versus

different waveguide lengths
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