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Pulsed laser deposition is a method frequently used for creating thin films of various materials on 
solid substrates. High energy laser pulse causes evaporation of the target material, forming a 
plume which subsequently expands and moves with high speed from the target. Thin film of the 
evaporated material is deposited on the substrate placed at some distance in front of the target. 
The behavior of the plume influences both the stoichiometry and homogeneity of the deposited 
layer – the final product of the process. Better understanding of the process of expansion of the 
plume, variation of its structure as well as deposition of the material itself is therefore very 
important and should give us opportunity for better control of formation of the deposited layer. 

Laser deposition process is very fast and very hard to observe. Changes of the plume structure 
cannot be observed in detail experimentally; it is particularly difficult in the case of multicomponent 
materials consisting of molecules with disparate masses which expand with different velocities. 
To overcome that, we performed numerical calculations of the phenomenon using the Direct 
Simulation Monte Carlo method.  

The present paper is a continuation of our previous work on the expansion of the plume of 
hydroxyapatite [1] and carbon (the last one obtained from a graphite target) [2].  

Hydroxyapatite is a multicomponent, biocompatible material used in medical prosthetics. The 
plume of hydroxyapatite consists of four components (Ca, P, O, H) with different molecular 
masses. The expansion of the hydroxyapatite plume was investigated experimentally and 
numerically in our laboratory. It was found, that if the plume expanded into an ambient gas – water 
vapour – the quality of obtained layers was much better than for expansion into vacuum. 

Investigation of the expansion of carbon plume into vacuum and into nitrogen ambient gas 
confirmed the result, that presence of some ambient gas may improve the quality of the deposited 
layer – also in the case of one component plume. 

In both investigated cases, when the ambient gas was present, two shock waves could be 
observed: the external wave in the ambient gas in front of the moving plume („bow shock”) and 
the internal wave, in the plume itself, moving backwards from the front to the rear side of the plume 
(Fig. 1).  

In the present work we investigate the external and internal shocks described above and also the 
third shock generated when the plume collides with the substrate. This shock may be generated 
in both cases – expansion into vacuum and into an ambient gas, provided that part of the material 
of the plume is reflected from the substrate and not deposited on it. The target from which the 
plume is evaporated is made out of tungsten tetraboride (WB4), so the plume consists of two 
disparate mass components – tungsten and boron [3]. The plume is evaporated into vacuum (Fig. 
2) and into an ambient gas, argon.  
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Fig. 1. Internal and external shock waves in the process of expansion of hydroxyapatite in water 
vapour [1]. 

    
 

Fig. 2. Expansion of the tungsten tetraboride plume in vacuum. From the left: t=400ns, 1200ns 
and 2000ns after the laser pulse. 
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