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Abstract: Titanium-doped sapphire is one of the most prominent
laser materials and is appreciated for its excellent heat conductiv-
ity and broadband gain spectrum, allowing for a wide wavelength
tunability and generation of ultrashort pulses. As one of the hard-
est materials, it can also serve as a model system for the fab-
rication of optical waveguide structures in dielectric crystalline
materials and applications in integrated optics. In this paper, we
review the recent approaches towards gain and laser operation
in Ti:sapphire optical waveguides, including epitaxial growth,
surface micro-structuring, and in-depth refractive-index modifi-
cations. Several methods including pulsed laser deposition, re-
active ion etching, ion in-diffusion, light-ion implantation, and
femtosecond-laser irradiation are presented and the results with
respect to obtained refractive-index profiles, waveguide propaga-
tion losses, and laser performance are discussed.
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Fluorescence emission profile from a Ti:Sapphire rib waveguide
with depth of 5 µm and a width of 10 µm
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1. Introduction

Transition-metal-doped materials exhibiting 3d ↔ 3d
electronic transitions are useful as broadly tunable laser
sources and for the generation of ultrashort pulses, due
to strong homogeneous broadening of the gain band-
width by interaction with lattice vibrations. Thus far,
trivalent titanium-doped sapphire (Al2O3:Ti3+, hereafter
called Ti:Sapphire) [1] has been the most commercially
successful of these vibronic lasers, allowing continuous-
wave tunability from ∼ 670−1100 nm and the generation
of pulses as short as ∼ 5 fs [2]. Ti:Sapphire lasers are typ-
ically pumped by argon-ion or frequency-doubled diode-
pumped solid-state lasers with powers of several Watts.
Although laser thresholds as low as ∼ 100 mW have

been demonstrated in the laboratory [3], in general thresh-
olds are much higher, requiring the use of expensive pump
sources. This has prompted work on creating Ti:Sapphire
waveguides in order to reduce the average spot size in the
gain media and thereby lower the laser threshold. Several
waveguide fabrication techniques have been used includ-
ing pulsed laser deposition [4–6], also in combination with
reactive ion etching [7] or Ar-ion milling [8,9], proton im-
plantation [10,11], femtosecond-laser writing [12], ion in-
diffusion [13,14], Ti and O implantation [15], and crystal
fiber growth [16].

In theory, waveguides with cross-sectional areas of the
order of λ2 are feasible, whereas the reported mode size
in a bulk Ti:Sapphire laser exhibiting a 100 mW threshold
was ∼ 8 µm [3], suggesting that considerable improve-
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