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The mathematical model that describes adequate the laser-induced process of metal 
deposition from gas phase on dielectric substrate is suggested. In the result of calculation, the 
temperature field distribution in deposited materials and deposit profiles for different process 
stages are obtained. The material deposition rate in the moment of deposited particle contact-
ing with free surface is calculated. The explanation of mechanism of formation of irregular 
form deposits at the initial stage of deposition is proposed.  
 

Introduction 
 

Many problems on investigation of laser-induced deposition of materials are connected 
with stability of deposition process. The essence of the problem is appearing of different in-
stabilities at some radiation parameters (power, beam radius) that lead to rod-like form depo-
sitions with very irregular geometry of surface [1-5]. 

The aim of the work is numerical investigation of temperature field in deposited materi-
als and law of evolution of deposit form under continuous laser beam. 
 

1. Statement of the problem and mathematical model 
 

We consider that laser radiation with Gauss special distribution of intensity on beam 
cross-section is normal to dielectric substrate surface. The distribution of temperature in de-
posited materials at each moment of time is described by stationary equation of heat conduc-
tivity 
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where k is the heat conductivity coefficient of the material. The ∂ Τ/∂ t component in heat 
conductivity equation in laser-induced tasks can be neglected, as the typical radius of beam r0 
and deposit is on order of 10 μm, thickness of the deposit layer h is 10÷100 μm, deposition 
time is τd ~ 10 s. It means that characteristic heat conductivity time is τT ~ r0

2/a~h2/a<< τd (a 
is the temperature conductivity coefficient) and that characteristic process times are sufficient 
for the stationary temperature distribution T(r, z) to reach the steady state. 

It is necessary to add the boundary condition to heat conductivity equation (1) 

, 300 ,z r nT T K=∞ = ≡  -
sn

Tk
∂
∂ = In -IT,    (2) 

where In is the normal to surface component of laser radiation intensity. We think that z-axes 
and n normal line are directed from the material. 

The temperature loss intensity will be considered as constitute magnitude 
IT= I0.       (3) 
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As one can see from works [2, 6, 7], owing to the fact that the reaction rate is not large, 
we can neglect the diffusion limitation influence on deposition process dynamics. It means 
that the deposition rate W is described by the following law 

dt
d

T
TkW a Δ

=
⎭
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⎫

⎩
⎨
⎧−= exp0 ,     (4) 

where Δ is the deposit thickness change, Ta is the activation temperature. It is necessary to 
note that the change occurs on normal direction to the material surface. 

The formulated mathematical model describes the laser-induced material deposition 
from liquid-molecular gas compounds; for example, it may be WCl6, WF6, SiH4. In this case 
the characteristic activation temperatures are Ta≈3·102 K and the liquid phase does not appear. 
 

2. Results of numerical modeling 
 

For the purpose to analyze the deposition process of metallic particles on dielectric sub-
strate in conditions of continuous stationary laser radiation, the numerical integration of (1)-
(4) was performed (at the following parameter values: T0=300 K, I0=107 W/m2, Ta=104 K, 
R=10 μm, H= 100 μm; for the gas temperature conductivity coefficient the linear dependence 
versus temperature is considered Kg=KgnT/T0, where Kgn=3·102 W/mK ). 

The results of numerical integration have shown (Figs. 1 and 2) that maximum tempera-
ture is achieved in the deposited rod points that are at a distance of r=7 μm from the main rod 
(in dependence on z). The distance is about ¾ of deposit radius. It means that at the initial 
stage the saddle-shaped surface structure is formed due to non-uniform distribution of power 
density on laser beam radius, and radial heat escape dominating due to size effect influence 
(when the deposit radius is much larger than its thickness R>>H). Here temperature decreases 
monotonically at small r (near the rod axes) and on the lateral surface of the deposit, this co-
incides with experimental results of works [1, 8] and explains the heat escape to gas phase. 

 

 
Figure 1. Temperature distribution in the deposited material. 
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Figure 2. Distribution of T(r) for various z. 
 

 
Figure 3. Distribution of T(z) for various r. 

 
Analysis of the temperature distribution by deposit thickness T(z) (Fig. 3) has shown 

that at r>6 μm the temperature increases along the rod height, and at r<6 μm the temperature 
decreases. The following growth of the deposit thickness levels gradually the size effect, and 
we can observe stabilization of the temperature distribution (Fig. 3). This, in its turn, gradual-
ly leads to smoothing of external surface form and cylindrical rod formation. 
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Figure 4. Temperature dependence of the deposition rate W. 

 
The calculation of deposition rate temperature dependence W(T) (Fig. 4) in the moment 

of time t0 (when the deposit only reaches the surface) has shown the deposition rate increase 
with temperature; e.g., as the temperature in the laser beam center is larger than in the border 
(due to Gauss distribution of intensity) the deposition rate is large there. So, in condition 
where the size effect is leveled, the effect of this process increases that leads finally to surface 
smoothing. 

 
Figure 5. Distribution of the deposition rate W(r, z). 
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Figure 6. Distribution of the deposition rate W(r) at various z. 

 
If the temperature distribution is known the material deposition rate W(r,z) can be calcu-

lated (Fig. 5). One can see that the deposition rate is maximum at a distance r=7÷8 μm from 
the rod axes, this coincides with temperature distribution analyses and the deposition rate dis-
tribution W(r) at various z (Fig. 6). 

Since deposition rates on the deposit surface are various and proportional to the deposit 
thickness  

W~Δ        (5) 
the surface form of the deposited material will be irregular, especially at the first stage of pre-
cipitation. 
 

Conclusions 
 

Thus, the laser-induced model of deposition subjected to constant intensity of heat 
losses is proposed. The model is described by the metal deposition from low-molecular gas 
compounds on dielectric substrate. 

It is adjusted that deposition character with appearing non-trivial rod-like structure of 
the deposit may be stipulated both by instability of the deposition process itself and by com-
bination of geometrical factors with features of heat interchange with gas atmosphere, e.g., 
size effect influence and its leveling with time. 

The model allows determination of the deposit size parameters at which the uniform ex-
ternal surface of the deposit is formed, allowing evaluation of the minimum size of objects 
that can be formed by laser-induced deposition. 
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