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Abstract. Appropriate radiation sources are necessary 
for investigation of UV effects in the lab. Dye lasers and 
OPOs can provide tuneable monochromatic radiation in 
this wavelength range. These two laser types are 
compared and a 266 nm-pumped pulsed OPO is 
presented which is tuneable from 300-410 nm and was 
developed to study UV effects in vivo. 

 

Introduction  

 Lasers are ideal instruments for investigating effects 
of  UV radiation wavelength selectively. 
Monochromatic, very intense radiation is provided 
continuously or pulsed. For  comprehensive studies, all 
terrestrial UV wavelengths should be available in one 
laser system. Currently, there are two types of lasers that 
are tuneable over such a wide range of wavelengths: dye 
lasers and optical parametric oscillators (OPO). 

Dye lasers 

 Several dyes are necessary to cover the whole 
terrestrial UV range. Dyes exist to cover the near-UV to 
near-Infrared spectral region: 330 – 1020 nm. Shorter 
wavelengths can be produced by second harmonic 
generation (SHG) at the expense of output energy. The 
wavelength of this laser type is typically tuneable over 
30 to 80 nm with one dye. Dye lasers are systems 
approved for many years, but toxicity of most dyes, 
exchange of dyes for a wide tuning range and dye 
bleaching can provide difficulties or at least 
inconvenience for the handling of such systems in the 
lab. So, over the last years tuneable solid-state lasers 
have become a serious competitor. 

Optical Parametric Oscillators  

 A recently developed optical parametric oscillator 
(OPO) which provides continuously tuneable laser 
radiation covering almost the whole terrestrial ultraviolet 
range is presented (Fig. 1). In an OPO, a nonlinear 
crystal is used to split the energy of an incident pump 
photon into two photons of longer wavelength. The 
energy may be divided arbitrarily among the two 
photons as long as conservation of energy is obeyed. The 
two wavelengths, i.e. the energy of these two photons, 
are chosen by the angle of incidence towards the crystal 
optical axis. So, the output wavelength can be chosen by 
rotating the crystal. The presented system is pumped by 
a frequency quadrupled Nd:YAG laser at 266 nm. UV 
radiation from 300 nm to 410 nm is available in this way 
and can be tuned by simply turning a screw (Fig. 2). The 
corresponding infrared radiation of the second photon is 
filtered by the resonator optics. The same Nd:YAG 

pump source feeds a commercial 355 nm pumped OPO 
whose frequency doubled signal is tuneable from 210 
nm to 345 nm. This module can also provide visible 
radiation if needed. Changing from one OPO to the other 
is done by simply switching one mirror so that both 
systems complement one another perfectly. Handling of 
such a solid state system is much more comfortable 
compared to a dye laser system and even though this 
setup still has a prototype character, it is very reliable. 

Applications 

 This system can be used in a variety of applications. 
In 2005 for example, it was used in a study with twenty 
subjects investigating the optical properties of human 
skin in vivo by optoacoustics. Here, pulsed UV radiation 
induces a pressure profile in the sample, i.e. the skin, 
according to its optical properties. Stress is released in 
an ultrasonic transient from which the optical properties 
of the sample against depth can be deducted. UV 
absorption coefficients were measured for naturally sun 
exposed or non exposed skin sites, sites with rather thick 
horny layer as well as skin sites after application of 
sunscreens with different sun protection factor. 

 
Figure 1: Optical parametric oscillator with a tuning 
range of 300 – 410 nm. 

 



 Furthermore, it is used for irradiating melanocyte cell 
cultures to stimulate melanin production. This project 
should lead to a melanogenesis action spectrum in vitro 
for different cell lines. 
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Figure 2: Unfiltered tuning spectra of the 266 nm – 
pumped OPO. The signal wavelength is tuned from 
300 to 410 nm 5 nm steps. High intensities at 266 nm 
and 532 nm are remains from the pump radiation and 
can easily be filtered. 

 


