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The method of laser evaporation is now widely used for the production of nanopowders of 

oxides, which used for the synthesis of ceramics based on YAG and YSZ. This method is the 

evaporation of  solid target, pressed from the microparticles of desired composition, by the 

powerfull laser radiation and subsequent condensation of its vapors in the gas stream. In our 

institute for this purpose use the pulsed CO2 laser (λ=10.6 µm) and ytterbium CW fiber lasers 

(λ=1,07 m) with power up to 1kW. Using these lasers was obtained Y2O3 nanopowders, ceramics 

Al2O3, YSZ, etc. These materials are opaque for the wavelength of 10,6 µm but they have a high 

transparency for the wavelength of 1,07 µm. In the latter case, the absorption of radiation depends 

on the concentration of the absorbing material defects. Another important factor is the dispersion 

of laser radiation in compressed of micron-sized particles of the target, which depends on the 

refractive index n of its material. For example, СаF2, and 1% Nd:Y2O3 have the same level of 

domestic absorption (~1-3·10
-3

 cm
-1

), but different n (1,42 to 1,85 for CaF2 and Y2O3). The 

radiation power of the fiber laser 600 W Performance production of nanopowder of 1% Nd:Y2O3 

were 23g/h and the goal СаF2 not even evaporated. 

The report presents the results of numerical simulation of scattering of the radiation of the 

fiber laser in the target from transparent balls with diameters from 400 nm to 3 µm, the packing 

density of ~55% and one particle. This model is described by the wave equation for 

electromagnetic wave. Absorption internal exposure in the target were not considered. The 

calculation was carried out for materials with different refractive index: MgF2 (1,38), CaF2 (1,42), 

Al2O3 (1,75), Y2O3 (1,85), YSZ (2,12). The intensity of the incident laser radiation is always taken 

equal to 0,46 MW/cm
2
. 

The calculated field distribution for a porous target, and for a single particle has a complex 

structure with local maxima of the radiation intensity I, which is caused by interference of light, 

reflection and refraction at the boundaries of the particles. The radiation intensity in these maxima 

depends on the diameter of particles, their refractive index n and the wavelength of the radiation. 

For example, when Y2O3 (λ=1,07 µm) increase in particle diameter from 1 µm to 3 µm leads to 

periodic bursts of I from 2 MW/cm
2
 to 10 MW/cm

2
. With increasing n the maximum value of I in 

local maxima increases. For example, for porous targets of CaF2 I is equal to 11 MW/cm
2
, and the 

YSZ, I= 67 MW/cm
2
. Thus, the characteristic penetration depth of the radiation in СаF2 is 60 µm, 

and the YSZ due to the higher dispersion of only 18 µm. 

In porous target local maximums of radiation can occur in the space between the particles, 

on their surface or volume. The high radiation intensity in the point of local maximum contributes 

to radiation damage such particles. Qualitatively, this could explain why the Y2O3 extruded under 

the influence of radiation of the laser to 600 W fiber evaporates, and not CaF2. 
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