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Abstract: We present a broadband (~130 nm FWHM around 755 nm) light source for interferometric applications
based on a continuous-wave pumped Ti:sapphire planar waveguide. Its brightness is several orders of magnitude
higher than f rom black-body radiation.

Summary

In recent years, broadband fiber interferometers have become very popular as basic instruments used in optical
coherence tomography (OCT) for imaging applications in the biomedical field [1]. A major challenge in the further
development and applicability of OCT has been the improvement of both its spatial resolution and dynamic range.
The longitudinal resolution is inversely proportional to the optical bandwidth of the light source. Broadband
luminescence from transion-metal-ion doped materials (e.g., Ti:sapphire) can significantly improve the
longitudinal resolution [2] compared to superluminescent diodes (~30 nm FWHM), but the low brightness of its
luminescence is insufficient for achieving a useful dynamic range in OCT. Femtosecond lasers have, therefore, been
used as large-bandwidth high-brightness light sources, and subcellular imaging has recently been demonstrated in
this way [3]. However, current femtosecond light sources do not necessarily meet the requirements of compactness,
ease of use, and low cost.

We present here a simple broadband light source based on a Ti:sapphire planar waveguide. It operates in a
wavelength region near 800 nm, applicable to the investigation of biotissue and detectable with simple silicon
diodes, with a bandwidth comparable to that of a femtosecond light source. We generate output powers of several
hundreds of uW with high transverse confinement. This level of brightness is several orders of magnitude larger
than that obtained from simple broadband light sources based on black-body radiation, whose output power in a
single mode is in the sub-uW range [4]. With this brightness, a luminescent light source can provide a dynamic
range in OCT that is sufficient to replace a femtosecond light source in a number of applications.

The Ti:sapphire planar waveguide investigated was grown by pulsed laser deposition [5] and contained
approximately 0.1 wt.% of Ti;0;. The dimensions were 9 mm in length and approximately 10 um in thickness. The
sample was pumped by an all-lines continuous-wave 1-W Ar-ion laser. The pump light was focused into the
guiding layer by a x16 microscope objective. The coupling efficiency was 85%. The effective absorption length
was 3.0 mm, leading to 95% of the launched pump light being absorbed.

Measurements of the output power (Fig. 1) were taken with an incoupling mirror only, which transmitted
approximately 86% of the pump light The maximum output power was 318 uW, with a corresponding slope
efficiency of 5x10. The spectral bandwidth of the output spectrum (Fig. 2) was ~132 nm FWHM. While the
reflectivity of the incoupling mirror was largest around 730 and 870 nm, the largest increase in spectral output
power compared to a measurement without incoupling mirror occurred in the Ti:sapphire gain maximum around
800 nm, indicating that a small gain was present in the one-mirror waveguide configuration. The luminescence
mode profile in the unconfined axis was concentrated within an angle similar to that of the diverging single-mode
pump beam. In the confined axis, the output was single-mode. Single-mode operation is"a requirement for efficient
coupling into a single-mode fiber interferometer for OCT.
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Fig. 1. Input-output curve of the Ti:sapphire planar waveguide
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Fig. 2. Luminescenoe spectrum (~132 nm FWHM) of the Ti:sapphire planar waveguide
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