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Abstract 

We developed a new optimization program to design a solar cavity for a solar-pumped laser. 

The software is based on ray tracing, and it calculates the optimal shape of the solar cavity to 

maximize total absorbed power into a laser medium. Results changing the co-doped density of Cr3+ 

in the laser medium of Cr/Nd:YAG ceramics are discussed. Although the maximum absorption 

efficiency of the laser medium is 0.65 when the traditional cone-shaped solar cavity and 1% of 

Nd3+ doped Nd:YAG is used, the optimized solar cavity with the same laser medium is expected 

to have 0.82 of absorption efficiency. 

1 Introduction 

Solar-pumped laser, which converts incoherent solar light into coherent laser directly, is 

expected as a promising technology for realizing a sustainable society. Although the first lasing of 

the solar-pumped laser was realized in 1965 by C.G. Young [1], its efficiency was low for a long 

time. In our previous studies, we developed a new solar-pumped laser that uses the Fresnel lens as 

the primary solar energy concentrator. We succeeded in increasing its output power and efficiency 

[2][3], and 120 W of laser output and 30 W/m2 of total area performance was achieved using 4 m2 

of a Fresnel lens and cone-shaped pumping cavity [4]. However, Z. Cai recently realized 38.8 

W/m2 of total area performance in 2023 [5]. 

In this study, we discuss the density of co-doped Cr3+ in a Cr/Nd:YAG laser medium and the 

optimization of the shape of a pumping cavity to achieve higher absorption efficiency. 

2 Calculated Results 

At first, we calculated the absorption rate of a traditional cone-shaped cavity changing the 

density of Cr3+ in laser medium from 0 at % to 1 at % using our own developed ray tracer used in 

the previous studies. The calculated results are shown in Figure 1 (a). As shown in Figure 1 (a), 

when we use pure Nd:YAG laser medium (which means the density of Cr3+ is 0 at %), the total 

absorption rate is only 0.65, and it increases up to 0.73 when co-doped Cr3+ is even only 0.1 at %. 

Although the total absorption rate slightly increases as the density of Cr3+ increases, the difference 

between 0.5 at % and 1.0 at % is only 0.004. From this result, optimization only about the density 

of Cr3+ is not enough to realize a more effective solar-pumped laser. 

Secondly, the optimal shape of the pumping cavity, which has maximum total absorbed power, 

is calculated when co-doped Cr3+ of 0 at % and 1.0 at % of Cr/Nd:YAG ceramics using our 



developed simulator used in the previous study [6]. The diameter of the calculated optimal cavity 

shape and the original cone shape, along with the optical axis, are shown in Figure 1 (b). Although 

the cone-shaped cavity has no peak, the optimal shape has two peaks. The optimal shape achieves 

more than 0.82 absorption efficiency using Cr3+ of 1.0 at % and Nd3+ of 1.0at % Cr/Nd:YAG 

ceramics as the laser medium. 

3 Conclusion 

We developed an optimization program to calculate the optimal shape of the pumping cavity 

for a solar-pumped laser considering the density of co-doped ions in the laser medium. With a 

traditional cone-shaped pumping cavity, increasing the density of co-doped Cr3+ from 0 at % to 

1.0 at % in Cr/Nd:YAG ceramics of Nd3+ of 1.0 at % increases absorption efficiency from 0.65 

to 0.77. Furthermore, the optimal shape calculated from this study realizes more than 0.82 

absorption efficiency. With the optimal shape of the pumping cavity and Cr3+ of 1.0 at % and Nd3+ 

of 1.0at % Cr/Nd:YAG ceramics, more than 160W of the laser output is expected. Implementation 

and experiments based on this study are our future work. 
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Figure 1: (a)  Calculated absorption rate dependency on the density of Cr3+ when the traditional 

cone-shaped cavity is used, (b)  Comparison of the optimized shape and the original shape. 


