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Abstract

The object of this thesis is to explore the usage of reflective volume Bragg
gratings in photo-thermo-refractive glass for spectral control of solid-state
lasers and optical parametric oscillators, to build tunable and narrowband
coherent light-sources.

In order to provide a design tool for use of reflective volume Bragg gratings
in laser cavities, a theory was developed that describes the performance of the
gratings if the incident beam has finite width with an angular spectrum that is
comparable to the grating's angular acceptance bandwidth.

Spectral control was demonstrated in a number of cw solid-state lasers, in
terms of narrow bandwidth and tunable wavelength, by use of a volume Bragg
grating. The design could be made very simple by replacing one of the cavity
mirrors with the grating. Thanks to the grating's strong spectral selectivity,
the lasers could be locked anywhere in the gain spectrum, while the laser
bandwidth was substantially narrowed. In particular, the following lasers were
demonstrated: Single-longitudinal-mode lasing in ErYb:glass at 1553 nm with
90 kHz linewidth and in Nd:GdVO4 at 1066 nm with a linewidth below 40
MHz. Very low quantum defect in Yb:KYW lasers, diode-pumped at 982 nm
and lasing at 998 nm with 10 GHz bandwidth, as well as Ti:sapphire-pumped at
980 nm and lasing at 990 nm. An Yb:KYW laser that was widely tunable from
996 nm to 1048 nm with 10 GHz bandwidth.

In nanosecond pulsed optical parametric oscillators (OPOs) based on
periodically poled KTiOPO4, narrowband operation and a tunable wavelength
were demonstrated with a volume Bragg grating as a cavity mirror. At a signal
wavelength of 975 nm, the bandwidth was 50 GHz, a reduction by 20 times
compared to using a conventional mirror. A tuning range of 21 THz was also
demonstrated. In another OPO at a signal wavelength of 760 nm, a ring-cavity
design was demonstrated to provide convenient tuning. A tuning range of 2.6
THz and a bandwidth of 130 GHz was shown. Also, narrowband operation
and tuning in an OPO around 1 µm was demonstrated by use of a transversely
chirped Bragg grating.
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