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Abstract

Periodically poled lithium niobate has long been considered a very relaible material for usein
optical parametric oscillators operating out to the absorption edge at ~ 4.5um. The very high
gains achieved when using mode-locked pulses to synchronoudy pump such devices, however,
permit oscillation evern with strong idler absorption.We present an analysis of operation under
such conditions. Calculations indicate that operation to ~7um should be possible. Oscillation at

idler wavelengths out to 6.3um has been observed.
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Efficient sources of tunable coherent radiation in the near and mid-IR are necessary for many
applications including spectroscopy, communications etc. In this contribution we report on the
generation of tunable IR radiation obtained from a periodically poled lithium niobate (PPLN)
based optical parametric oscillator (OPO).

The quasi-phase matched three wave interaction in PPLN serves to significantly enhance the
utility of the material in that it allows access to a larger nonlinearity and permits phase matching
in a large spectral range. Thus, high parametric gain can be achieved with modest pump power.
A useful consequence of this high parametric gain is that a large idler absorption loss in the
material can be tolerated, and consequently parametric oscillation can be achieved even with idler
wavelengths well into the IR absorption edge of the material [1]. PPLN has an added advantage
over bulk lithium niobate, in this respect, since the IR absorption is weaker for the extraordinary
polarisation, as used in a PPLN device, than it is for the ordinary polarisation [2].

We discuss a simplified analysis of parametric oscillation in the presence of strong idler
absorption (i.e. aL» 1, where L is the crystal length) which provides useful guidelines to actual
threshold and output power. The absorption loss reduces the parametric gain by a factor o/T" and
correspondingly, the oscillation threshold increases by a factor 2oL, where I is parametric gain
coefficient in the absence of idler absorption. The results show that useful output power can be
produced at wavelengths well into the IR absorption edge of PPLN. This is confirmed by our
experimental observations. The extent to which the IR tuning range can be usefully extended is
ultimately limited by the optical damage threshold of the material.

We also include a discussion of optical parametric generators which appear to offer promise for
significant further extension of infrared tuning at reasonable efficiencies.
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Fig. 1. Absorption coefficient for the ordinary and extraordinary wave in PPLN, cf ref.2.




