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INTRODUCTION
Since laser action was first demonstrated in titanium sapphire (Ti:Al2O3) in 1982 [1], it

has become the most widely used tunable solid state laser source. The development of a
titanium sapphire laser in a waveguide geometry would yield an elegant, compact, versatile
and highly tunable light source useful for applications in many areas including optical
telecommunications. We are investigating whether ion implantation techniques can be
utilised to produce suitable crystal quality and waveguide geometry for fabrication of a
Ti:Al2O3 waveguide laser.

The implantation of Ti and O ions into c-axis oriented a-Al2O3 followed by subsequent
thermal annealing under various conditions has been investigated as a means of forming the
waveguide and optimising the fraction of Ti ions that have the correct oxidation state required
for laser operation. A Raman Microprobe is being used to investigate the photo-luminescence
associated with Ti3* ion. Initial photoluminescence measurements of ion implanted samples
are encouraging and reveal a broad luminescence profile over a range of ~ .6 to .9 jim,
similar to that expected from Ti3+.

Rutherford Backscattering and Ion Channelling analysis have been used to study the
crystal structure of the samples following implantation and annealing. This enables
optimisation of the implantation parameters and annealing conditions to minimise defect
levels which would otherwise limit the ability of light to propagate in the Ti: A12O3 waveguide.

EXPERIMENT
Single crystals of a-Al2O3 of high quality were obtained from Crystal Systems, Inc.

Disc specimens were annealed at 1400°C in air for 48 hrs to remove any residual defects
induced by mechanical polishing. The samples were implanted either at room temperature or
at liquid nitrogen temperature with 1.0 MeV Ti and 480 keV O ions with doses < 1016

ions/cm2. The ion doses and energies were chosen so that stoichiometric Ti2O3 could be
formed over the implant depth range. The samples were tilted 5° from normal incidence
during implantation to avoid possible ion channelling effects. Following implantation,
thermal annealing was carried out at 1100°C for 1,4 or 8 hrs in either air, Ar, O2 or Ar + H.

Photoluminescence measurements were then performed using the Raman Microprobe
facility at the University of Melbourne. Finally, 2.8 MeV He+ backscattering and ion
channelling techniques were used to characterise the structural changes in the samples.

A further group of samples were implanted with Ti and O ions at several different
energies to obtain approximately constant concentration profiles over the depth range 4900 to
7600 A. For a concentration of 0.20 wt % Ti the following implant schedule was used
Ti (1310 KeV, 6el5) + Ti (910 KeV, 3.1el5) + O (700 KeV, 3.1el5) + O (545 KeV, 1.7el5)
+ 0(440 KeV, 1.6el5).
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RESULTS AND DISCUSSION
The propagation characteristics of a waveguide are dependent upon the depth of the

guide [2]. The expected depth profile of the implanted Ti + O ions was calculated using the
PROFILE code [3]. This is shown Rg 1.

The Ti ions have been shown to
preferentially substitute for Al within the a-
AI2O3 lattice structure [4]. In pur
experiments, oxygen is also implanted with
the aim to assist the formation of T12O2, and
hence the Ti3* ion. This is the active ion in
the TirSapphire laser medium. Using this
implantation scheme migration of the
implanted species to the surface, as seen in
previous studies, has also been avoided [5].
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Fig 1. Ti + 0 implantation profiles for the multiple implant series,
calculated using the PROFILE code.

Figure 2 shows typical photoluminescence profiles obtained using the Raman
Microprobe at the University of Melbourne. The 514.5 nm line of the Argon ion laser, which
lies in the absorption band of Ti3* [6] was used in this system to induce luminescence. The
optics and CCD camera in the Raman microprobe exhibit marked roll-off in detection
efficiency above » 700 nm. We have not attempted to correct for this and consequently the
profiles are skewed towards shorter wavelengths. The small bumps seen on the data are also
an artefact of the existing data collection system. Previous studies have shown that the
mobility of Ti in sapphire and the repair rate of damage are dependent on the annealing
conditions[8]. Hence, a study was performed with three well-known ambients: argon,
forming gas (active component 4% hydrogen ) and oxygen. Typical PL spectra obtained from
samples annealed in these three ambients are shown in Fig.2. Relative to an un-annealed
sample, the luminescence of all samples was about 4 orders of magnitude greater. The
emission band of Ti3* extends from about 600 nm to lOOOnm [7]. Since the PL signal
strength increases dramatically upon thermal annealing, we believe that the observed profile
can be attributed to the presence of Ti3*. However, we are performing further studies using
techniques including EPR and UV spectroscopy to further demonstrate that Ti3* is indeed

responsible for the
observed signal.
The growth of the
Ti3* PL signal with
annealing is in
contrast to
previous studies
involving just Ti
implantation where
the Ti was
observed to shift
predominantly to
the 4+ oxidation
state upon
annealing [8].
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Fig 2. Dependence of the PL profiles on annealing ambient. All anneals were carried
out at 1100°Cfor4hrs.



PL spectra for a
dose series are presented in
Fig. 3. It can be seen that
for RT implants, the PL
signal strength grows with
increasing Ti concentration
However, ion implantation
at liquid nitrogen
temperature yields
luminescence profiles that
are «120% greater than the
equivalent room
temperature luminescence
and hence we believe that
implants at this temperature
may yield the best material
for Ti:sapphire waveguide
laser fabrication.
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Fig 3. Luminescence profiles for a dose series at room temperatures and a
comparison with LN2 temperature implants. Note that oxygen is used as the
ambient during annealing and all anneals were carried out at 1100°C for
4hrs.

CONCLUSION
We have investigated the implantation of Ti and O ions into a-AbOa as a means of

synthesising Ti:Al2C>3. To our knowledge, this is the first time that co-implantation has been
used to stabilise an implanted species in a particular chemical state in sapphire. Preliminary
results of PL measurements on annealed samples are encouraging and exhibit a broad
luminescence profile in the wavelength range expected for Ti . The role of implantation
temperature is currently being investigated, with preliminary liquid nitrogen implants
producing significantly higher luminescence yields. High luminescence yields and high
crystal quality should enable propagation of light down the guide. This work represents a
significant step to the realisation of a Ti Sapphire waveguide geometry laser. RBS and ion
channelling are currently being used to characterise our samples and to investigate the
reduction of damage during the annealing process.

Once crystal quality and luminescence profiles have been optimised, the propagation
characteristics of our waveguides shall be investigated via the usual method.
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