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The developrnent of practical sol id-state laser sources in dif ferent regions of optical spectrum has been an

inrportant goal of research in laser science and technology, since Mainran dernonstrated led laset '  act ion in ruby

in 1960. Major efforts have been devoted to provide cohelent radiat ion in dif f icult  spectral regions using

conventional Iasel techniques, yet, after nearly 50 yeat 's, extended wavelength bands across the ultraviolet (UV),

visible and inf i 'ared (IR) st i l l  remain inaccessible to lasers. The potential of optical parametl ' ic osci l lators (OPOs)

for the generation of widely tunable laser l ight at new wavelengths was recognized soon after the invention of

the laser, and the f ir 'st experimental device was demonstrated in 1965. However, fol nearly two decades

thereafter. there was l i t t le progress in practical development of OPO devices due to the absence of viable

nonlinear rnaterials and laser pump sources. With the advent of a new generation of birefr ingent nonl inear

c;ystals such as B-BaB2Oa and LiB;Os in the mid-l980s, and quasi-phase-matched materials, part icularly

periodical ly-poled LiNbOr (PPLN), in the mid-1990s, there began a resurgence of interest in OPO technology

for the generation of coherent radiat ion in new spectral regions. In the intervening period, OPO devices have

been transfornied f i 'om labolatory prototypes into practical l ight sources. capable ofaccessing dif f icult  spectral

regions and acldressing real appl icat ion areas beyond the reach of conventional lasers. With an exceptional ly

broad wavelength coverage from a single device, temporal f lexibi l i ty from the continuous-wave (cw) to

femtosecond t ime-scales. high output power and eff iciency, and compact sol id-state design, OPOs are now

firmly establ ished as t luly viable alternatives to conventional lasers and other technologies for the generation of

cohelent l ight in dif f icult  spectral and temporal domains.

In the fenrtosecond t ime-scales, the absence ofviable ultrafast sol id-state lasers has confined the choice

of laser pump source for OPOs to the Kerr- lens mode-locked Ti:sapphite laser, providing ultrashort pulses in the

1-5 pLrr spectral range. In the cw regime, the deployrnent of cw semiconductor diode lasers, high-power Nd-

based sol id-state lasers and f iber lasers in combination with new QPM rnaterials has similarly led to the

real izat ion ofa new generation ofcoherent cw l ight sources with unprecedented performance capabil i t ies for the

1-5 prn spectral range. On the other hand, extension of operation of ultrafast and cw OPOs to shorter

wavelengths below 1 prn has been more chal lenging because of incleased demands on nonlinear materials and

the absence of shorl-wavelength laser pump sources to achieve wavelength generation in the visible and UV

using direct parametric down-conversion. However, through application of novel schemes based on f i 'equency

up-conversion in courbination with parametric down-conversion, i t  is now also possible to access short

wavelengths into the UV and across the visible, niaking OPO technology a powerful tool for practical generation

of coherent radiation acloss an expansive spectral range flom the tIV to mid-IR. Here, we desclibe such

techniques for spectlal extension of ultrafast femtosecond and cw OPOs into the visible and UV, review the

impoftant developments in OPO sources in the near- and rnid-IR, and highl ight new applications in science and

technology.
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