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INTRODUCTION 

The scientific and technological revolution caused by rapid growth of fundamental and applied 

researches, first of all in natural sciences opens wide opportunities for the development. It also cre-

ates a number of new problems which solution will be hardly possible without further development 

of all branches of science. It is obvious that development of researches in fundamental and applied 

physics will impact considerably the development of a human civilization. 

The physics is the science studying the simplest and general laws of the nature and it had 

played the significant role in the development of the modern techniques and technologies, all branch-

es of economy, industry and the production.  

The physics in Uzbekistan, as well as in scientific centers of other countries of the world, has a 

strong basis. Achievements of our scientists have found the international recognition, and they are 

reflected in numerous publications in international scientific journals. We are collaborating with 

many international scientific centers. We believe that scientific results will be reflected in develop-

ment of new types of the knowledge-intensive production in our republic. 

The conference "Fundamental and applied problems of physics" is traditionally organized by 

Physical-technical institute of - of Academy of Sciences of Uz-

bekistan to summaries the newest results of scientific researches in Uzbekistan in the field of physics 

and to define the most promising directions of their development. Now our conference has an inter-

national format and we believe that participation of our colleague from different scientific centers 

and countries not only intensifies our future collaborations but also bring more courage to discussion 

on the conference.   

Editorial board 
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Abstract 

The possibility of more than two-fold increase of Nd:YAG solar pumped lasers pumping efficiency with the 

use of Ti:Sapphire as a solar spectrum frequency-down-shifting element is shown by the simulation calculation 

method.  

Key words:Ti:Sapphire, solar pumped laser, frequency converter

1.Introduction 
One of the ways in which the solar pumped lasers efficiency may be improved by better exploita-

tion of the solar spectrum is the use of frequency-down-shifting, where one high energy photon is con-

verted to a low- energy-photon.   This mechanism can introduce a new approach in the field of solar-
pumped laser through decreasing the threshold power and accordingly increasing the efficiency of the 

solar laser which is still lying in the range of few percents. 

Since the first solar pumped laser was reported by Yung [1] in 1966 it have been realized a number 
of solar-pumped laser systems [2 - 16]. However the maximum recorded efficiency for Nd:YAG from 

sunlight to laser is 4.3% [16], which is still low and not enough for wide spreading of solar-pumped lasers 

commercially.   
The idea of frequency down-shifting that we are going to consider in this work is to use additional 

media helping to decrease the frequency of unabsorbed high energy photons of solar spectrum shifting it 

to the range well-matching with absorption bands of active medium. In other words, we propose a new 

approach based on the increase of absorption in Nd:YAG  via external frequency conversion of large 
amount of unabsorbed solar photons and returning them back to the Nd:YAG with minimal losses.   It is 

well-known that the Nd:YAG absorption spectrum sharing in the laser pumped by the sun is about 0.15.  
This means that the whole solar radiation spectrum is not sharing in the laser process.  Moreover, the rest 

part of the solar radiation can cause some undesirable effects such as thermal effects in the crystal and 

cavity which affect the whole efficiency of the solar laser system. 

In present work we consider the possibility of increase in absorption efficiency of Nd:YAG  using 
Ti:Sapphire as an  external frequency converter. 

2.Description 
The considered scheme is depicted in fig.1. It consists of two parts.  The main part representing wa-

ter cooled active medium made of composite YAG/Nd:YAG ceramic or diffusion bonded crystalline ma-
terial surrounded with metallic tube internal surface of which is silver coated and the plug-in part which is  

the parabolic frequency converter of solar spectrum with separate water cooling;  Lateral surface of active 

medium is polished to provide total internal reflection and right-hand end is HR coated to reflect lasing 
wavelength at 1064nm and transmit wavelengths below 900nm.  The parabolic shape of frequency con-
verter in plug-in part was due to necessity of forming a flux with angular aperture limited by total internal 

reflection angle from frequency down-shifted photons to minimize transmission losses. Outward parabol-

ic surface of frequency converter is also silver coated. 

Performance analyses have been conducted by simulation method. Simulation calculations for con-
sidered scheme of solar laser were carried out using Monte-Carlo and ray-tracing methods [17]. The mul-
ti-reflection, refraction and absorption processes were modeled in three-dimensional coordinates. The 

main difference of simulation model from that used in our preceding works was inclusion of emission 

process in frequency converter in arbitrary direction within 4  solid angle after absorption process.  

Time delay between absorption and emission processes is assumed to be zero because it is not important 
in CW mode of operation of a laser. In simulation calculations in addition to the absorption spectrum 

of active medium and solar spectrum the absorption and emission spectra of frequency converter are used 
as well. 
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Fig.1. Schematic of laser head with frequency converter 

To qualitative analyses and for comparisons different spectra are presented in figure 2. As it is evi-
dently seen from these figure there is an excellent match of the emission spectrum of Ti:Sapphire and the 

absorption bands of Nd:YAG on the one hand and relatively lesser overlap between absorption spectra of 
both Ti:Sapphire and Nd:YAG   on the other hand. We note that overlap between absorption spectra of 

active and sensitizing ions is one of the disadvantages of co-doped materials.  However the scheme pro-

posed in this work is free of such lacks due to that the frequency converter transforms only the part of 
solar spectrum unabsorbed in Nd:YAG active medium.  

Fig.2. 1- standard solar spectrum, 2- Nd:YAG absorption spectrum, 3,4- Ti:Sapphire absorption and emission spectra  re-

spectively 

Quantitative analyses of carried out simulation results (figure 3) have confirmed this assumption, 

showing the possibility of more than five-fold increase of solar-to-laser power efficiency of Nd:YAG la-

ser with external Ti:Sapphire frequency converter for typical solar insolation of 800W/m
2
 at the Earth 

surface (around 700W in the figure). Calculations have been carried out for parabolic concentrator with a 

ion 
of 0.5% for Ti:Sapphire. The reflection coefficient of silver coated outward parabolic surface of a fre-

quency converter is assumed to be 97%. The loss at the interfaces between laser active medium and fre-
quency converter can be reduced to less than 5% (in one direction) in principle using index matching op-

tical gels and therefore is assumed to be 10%. As the pumping source the parabolic dish concentrator with 

a diameter of 1m and focal length of 0.5m is considered. Simulation calculations have been done to de-
termine the main figure of merit, the overall pumping efficiency which is equal to maximal slope effi-

ciency that would be attained if the extraction efficiency were unity. Thus the result we have obtained 

was 0.21 for the Nd:YAG + Ti:Sapphire versus pumping efficiency of 0.14 for Nd:YAG alone.  
On the base of these results using expression for the four-level laser the dependencies of output la-

ser power on the incidence solar power are calculated for the output mirror reflectance of 95%. Some re-
sults are plotted in figure 3 for comparisons. Note that 1000W in figure 3 of solar power can not be col-
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lected at the focal plane of the concentrator with a diameter of 1m on the Earth surface but it can be col-
lected in Space since solar radiation intensity is about 1350W/m2.  Also, as we can see from the figure 3, 
a significant increase of the output laser power in the case of adding the Ti:Sapphire than using the 

Nd:YAG only.  For example for 700 W of input solar power, about 20 W of output laser power can be 

obtained using Nd:YAG only, while about 60 W of the output laser power can be obtained using a com-

bination Nd:YAG and Ti:Sapphire.  Also, a significant reduction of the threshold pumping power is no-
ticed in the case of using the mentioned combination.  From the figure, the threshold pumping power for 

the Nd:YAG alone is more than 500 W, while it is about 350 W in the case of using that combination.    

Fig. 3. Output laser power vs. input solar power for parabolic concentrator with a diameter of 1 m. 

3.Conclusion 
The use of Ti:Sapphire as a frequency converter of large amount of unabsorbed solar photons is 

proposed. The pumping efficiency of 21% has been obtained which is equal to maximal slope efficiency 

that would be attained if the extraction efficiency were unity. Main advantages of used scheme would be 

the reduced thermal load on the active medium, less rigid requirements for thermal properties (thermally 
induced birefringence, lens effect) of frequency converter and also possibility of independent control of 
temperature in active medium and frequency converter when needed. 
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