Tunable Operation

Many lasers can operate at more than one wavelength. Argon and krypton
lasers can operate at discrete wavelengths ranging from the ultraviolet to
the near infrared. Dye lasers can be continuously tuned over a spectrum of
wavelengths determined by the fluorescence bandwidths of the specific
dyes (typically about 150 nm). Alexandrite and titanium sapphire lasers can
be tuned continuously over specific spectral regions.

To create a tunable laser, the cavity coatings must be sufficiently broadband
to accommodate the entire tuning range, and a variable-wavelength
tuning element must be introduced into the cavity, either between the
cavity optics or replacing the high-reflecting optic, to introduce loss at
undesired wavelengths.

Three tuning mechanisms are in general use: Littrow prisms, diffraction
gratings, and birefringent filters. Littrow prisms (see figure 10.16) and their
close relative, the full-dispersing prism, are used extensively with gas lasers
that operate at discrete wavelengths. In its simplest form, the Littrow prism
is a 30-60-90-degree prism with the surface opposite the 60-degree angle
coated with a broadband high-reflecting coating. The prism is oriented so
that the desired wavelength is reflected back along the optical axis, and
the other wavelengths are dispersed off axis. By rotating the prism the
retroreflected wavelength can be changed. In laser applications,
the prism replaces the high-reflecting mirror, and the prism’s angles are altered
(typically to 34, 56, and 90 degrees) to minimize intracavity losses by
having the beam enter the prism exactly at Brewster's angle. For higher-power
lasers which require greater dispersion to separate closely spaced lines, the
Littrow prism can be replaced by a full-dispersing prism coupled with a high
reflecting mirror.

Gratings are used for laser systems that require a higher degree of
dispersion than that of a full-dispersing prism.

Birefringent filters have come into general use for continuously tunable dye
and Ti:Sapphire lasers, since they introduce significantly lower loss than do
gratings. The filter is made from a thin, crystalline-quartz plate with its fast
axis oriented in the plane of the plate. The filter, placed at Brewster's angle
in the laser beam, acts like a weak etalon with a free spectral range wider
than the gain curve of the lasing medium. Rotating the filter around the
normal to its face shifts the transmission bands, tuning the laser. Since there
are no coatings and the filter is at Brewster's angle (thereby polarizing
the laser), there are no inherent cavity reflection losses at the peak of the
transmission band. A single filter does not have as significant a line-
narrowing effect as does a grating, but this can be overcome by stacking
multiple filter plates together, with each successive plate having a smaller
free spectral range.
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Figure 10.16  Littrow prism used to select a single
wavelength
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