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Introduction. Unique properties of laser radiation: coherence, high pulsed power, 

small angular discrepancy make it possible to focus relatively easily on optical systems, 

while obtaining extremely high power densities. The first studies of the action of such 

a laser on the surface gave an unexpected result – the kinetic energy of the emitted 

components at laser powers up to 106 W was hundreds of electron volts. Most 

parameters of laser plasma depend nonlinearly on the power density of laser radiation. 

On the other hand, the idea of heating a substance to thermonuclear temperatures by 

laser radiation [1] has stimulated a number of plasma studies associated with high-

intensity irradiation of condensed matter [1-6]. 

The aim of the study. Develop a method for obtaining thin films of complex 

compounds with simultaneous determination of the most important condensation 

parameters when irradiated with a train of laser pulses. 

Formulation of the problem. In modern microelectronics an important place is 

occupied by the problem of obtaining periodic thin-film multilayer structures formed 

from complex compounds. That is why the study of the method of obtaining films and 

the establishment of condensation parameters are of particular importance. The results 

of this problem can be used in the laser deposition of films to obtain soft X-ray mirrors 

and superlattices. 

 

Theoretical and experimental research.  

The mass thickness of the films was estimated by the resonant frequency shift of 

the piezoquartz vibrator with a sensitivity of 0.2 nm. Since linear plots are present in 

the graphs of dimensional dependences of film resistivity in the range of considered 

film thicknesses, according to the Fuchs-Sondheimer plane-parallel layer model, we 

concluded that the microstructure of films does not change when its thickness changes 

for a multilayer sandwich layer. The authors conducted a statistical analysis of the 

quality factor of the obtained results. 
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The authors conducted a statistical analysis of the quality factor of the obtained 

results. 

The number of experimental measurements required to obtain a small volume 

sample was preliminarily determined to estimate the average size of the film thickness 

H with an accuracy of ε=0.05 and a reliability of α=0.95. To calculate the standard 
deviation S was taken a sample with a volume of n1=5. As a result of processing the 

experimental data of this sample S=0.06 nm. 

Define the formula function  [7]: 

,                                                 (1) 

. 

According to [7], depending on the value =0.975 and n1=5, we find the value 

of tc=2.8. Substitute the values found in function (2): 

,                                              (2) 

get 

. 

Therefore, the volume of the small sample for the quality factor of the results 

(reliability) 0.95 was n=13.  

This calculation established the required number of data measurements.  

Substances that combine complex chemical composition and unique 

physicochemical properties were selected to study the new possibilities of laser 

sputtering of films by giant laser pulses. 

The process of laser sputtering of SbSJ ferroelectric and Bi12GeO20 piezoelectric 

was subject to research. 

I. Ferroelectric - SbSJ semiconductor, which is characterized by abnormally high 

values of the piezoelectric coefficient and ferroelectric parameters. 

II. Piezoelectric Vi12GeO20. For him, the main parameters of laser plasma were 

determined in experiments by sputtering using mass spectrometry [6, 8]. 

The scattering pattern in the flux density range q=108… 1010 W/cm2 is symmetric 

with respect to the normal to the target surface in the center of the focal spot. The 

spraying occurs mainly in the body angle ~ 1 steradian. 

Direct measurements of the amount of evaporated substance indicate the 

correctness of the above method of estimation in the range of the specified power 

densities. This means that in our case the evaporation mechanism is not due to thermal 

conductivity. 

The results of calculations and measurements are presented in table. 1. 
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Table 1. 

The results of determining the density of the particles of the gas phase 

Parameters L, cm 0,3 1 2 5 10 
q=109 W/cm2, m=2∙10-5 g n, cm-3 1∙1019 3∙1017 4∙1016 3∙1015 5∙1014 

q=5∙108 W/cm2, m=1,5∙10-6 n, cm-3 7∙1018 2∙1017 3∙1016 2∙1015 4∙1014 
q=108 W/cm2, m=5∙10-6 g n, cm-3 2∙1018 5∙1016 1∙1016 6∙1014 1∙1014 
q=109 W/cm2, m=8∙10-5 g n, cm-3 1∙1019 2,6∙1017 3,3∙1016 2∙1015 2,6∙1014 

q=5∙108 W/cm2, m=5∙10-6 g n, cm-3 5,6∙1018 1,5∙1017 2∙1016 1,5∙1015 1,8∙1014 
q=108 W/cm2, m=1,2∙10-5 g n, cm-3 1,3∙1018 4∙1016 5∙1015 3∙1014 4∙1014 

 

Thus, under the action of a giant laser pulse, the limited volume of the target 

substance in a very short time is converted into a high-temperature plasma clot, which 

expands adiabatically. The applied method of evaporation of a complex compound 

makes it possible to carry out the deposition of films in extreme conditions of ultrafast 

entry of ions and excited atoms and molecules onto the substrate. 

SbSJ films deposited on the KCl ring (001) located relative to the target so that the 

fall occurred almost perpendicularly had a relatively smooth surface, except for a small 

number of places that locally enhance the diffraction contrast and decorate the chip 

surface. These films are characterized by the manifestation of the rough relief of the 

chip surface by tinting, which is shown in fig. 1 (a and b) with an average size of ~ 

4000 Ǻ. The formation on the atomically smooth surface of initially rounded, unfilled 
with condensate areas, which are shaded by the next pulsed inflow of matter is probably 

electrical in nature. 

 

      
                                  а                                                      b 

Figure 1. Electronic micrographs of SbSJ films sprayed on the chip (010) KCl when 

the beam falls at an angle other than 900 

 

Increasing the flux density q and the associated increase in the thickness of the 

layer deposited by the pulse leads to the formation of a continuous layer without going 

through the stage of island growth. In the case when the thickness of the layer deposited 

by the pulse is close to the monomolecular, structural-morphological transformations 

are possible. A further increase in q≥5∙108 W/cm2 leads to a sharp increase in emissions 

and, as a consequence, hardening of nonequilibrium states. 

At high vapor densities caused by q>qopt, its condensation can occur during gas-

dynamic expansion without the participation of the substrate. 
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Conclusions. In general, the condition for obtaining continuous perfect films by 

means of giant pulses is largely determined by the flux density of the laser radiation, 

the thickness of the layer deposited by the pulse, the distance of the target substrate and 

the temperature of the substrate. These parameters, within certain limits, can be 

purposefully chosen depending on the task. Studies show that a very promising and 

technological method of obtaining films of complex substances by evaporating the 

target with giant laser pulses can be successfully applied only by determining the 

optimal evaporation modes and plasma characteristics. This is quite simple and 

effective can be done by the above method using time-of-flight mass spectrometry. 
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