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SPHERICAL MIRRORS LASER SPECTRUM ANALYZER:

DESIGN AND PERFORMANCE
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Fig.1. Photograph of the 2.14 GHz spectrum analyzer.

the length of 50 mm, an internal diameter of 12.3 mm an external diameter of 18
mm. The mirrors are adjusted and fixed by a system described in details in [5].
The optical resonator is aligned relative to a collimated monochromatic beam from
a He-Ne laser at a wavelength 632.8 nm within the spectral range of the mirrors.
The incoming laser beam (is computer mode matched to the resonator [6]) will
be normal to the input. The degree of angular alignment required is not great.
Reflecting the laser beam which is coincident with the optical axis, back on itself
as well as can be determined visually, will normally be adequate. The input ra-
diation should be centered on the resonator aperture, where the mounting bases
allow angular and vertical adjustment. The {raversing beam across the resonator
is collected with a lens to be incident on a photodiode, where the effective fringe
pattern and mirror alignment can be determined. By changing the alignment and
repeating the process, the resonator alignment can be improved until the trans-
mission is symmetrical and the intensity is maximum as shown in Fig. 2 on the
oscilloscope. The resonator length control is obtained with a PZT triangle tube on
one, end, where one of the two micrors is mounted with epoxy on the PZT tube.
The mirrors are cement nto the spacer tube at three points. Both mirrors and
PZT tube are mounted with epoxy to give an airtight cavity. Continuous tuning is
possible over a range of about 15 Gllz for an applied voltage of 1000 volt. The con-
struction of the PZT translator 1s ._Wni._nw_ to that described in [7]. The measured
finesse of the resonator is 174, which agrees with the calculated one.

This fixed resonator is ultimate in terms of simplicity and mechanical stability.
This 1s insured by maintaining a high degree of design symmetry. The coefficient
of expanston, thermal inertia and configuration are the controlling parameters for
thermal stability. The construction of the resonator from quartz glass insures low
thermal drift. On the other hand PZT material has a low expansion coefficient and
is used for alignment by adjusting the voltage applied to it.

The developed optical resonator can be efficiently used in many laser appli-
cations such as laser frequency stabilization, scanning and tuning. High precision
measurements can be obtained by studying the Rayleigh scattering from gases,
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Fig. 2. Fringe pattern of the spectrum analyzer.

liquids-and solids.

applications, where low light levels are not a problem. This includes laser mode
analysis, wavelength filtering and monitoring. Fig. 3 shows a He-Ne laser scan over
the fixed spectrum analyzer resonances.
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Fig.3. He-Ne laser scan using the developed spectrum analyzer.

III. CONCLUSION

The developed spectrum analyzer has many advantages. It is of a compact
physical size, stable, no further adjustments are required by experimental work and
low cost. By proper choice of materials the mirrors positions can be well defined
thermally and mechanically. The technique of adjustment eliminates essentially all
distortions, allows fixed mirror spacing, is mechanically rigid. The mirrors cannot
be distorted since no forces can be presented on the mirrors. The confocal optical
analyzer chief advantage is insensitivity to alignment. This fixed resonator provides
extremely good mechanical stability, extremely stable thermally.
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On the other hand the resonator is used in high resolution -
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