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Introduction 

   High-intensity ion implantation is a new tool for deep 
modification of the elemental composition and microstructure 
of metallic materials. Low-energy ion implantation at ion 
current densities of tens and hundreds of mA/cm2 is 
accompanied by a significant increase in the temperature of 
the irradiated target.  

 

   The negative effects of increasing temperature, such as grain 
growth of the target crystal structure, can be eliminated by 
post-implantation exposure to the ion-doped layer, for 
example, a pulsed high-current electron beam. To implement 
this approach successfully, it is important to determine the 
parameters and modes of ion irradiation 
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   The work is devoted to the study of the dynamics of 

the temperature gradient formation over the depth and 

on the surface of metal targets during the implantation 

process of high-intensity ion beams. 

   The results of numerical simulation of the dynamic 

and gradient characteristics of temperature fields in 

metal targets with different thermal conductivity during 

high-intensity ion implantation are presented.  

   The gradients of temperature fields under the 

influence of repetitively pulsed ion beams were studied.  
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Numerical modeling of specimen temperature 

evolution at highly intensive ion irradiation 

The equation has the following form: 

 

 

 

Here T (z,r,t) – space-time function describing the temperature distribution in the 
irradiated specimen, a - is thermal diffusivity of the irradiated material.  

Boundary conditions on the irradiated surface of the specimen: 

 

 

 

Here q(r) – density of ion beam power averaged over a period, R is beam cross-section 
radius, Tch – temperature of the vacuum chamber walls, εp – reduced blackness degree of 
the specimen surface, calculated taking into account the reflection of thermal radiation 
from the vacuum chamber walls,  
 

 

where ε and εch – blackness degree of specimen surface and vacuum chamber walls, 
respectively.  

 

On the irradiated surface outside the beam action area and on the lateral surface of the 
specimen, a heat sink is set due to thermal radiation, on axis r=0  –   

 

 

On the back surface of the specimen – T=Tcool, where Tcool – coolant temperature. 
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Fig.1. Computational 

domain: R and Z1 – radius 

and thickness of the 

specimen, respectively. 
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Stainless steel  
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Fig. 2. Dependence of the beam power 

averaged over the period on the thickness of 

the irradiated target made of stainless steel at 

maximum temperature in the center of the 

target of 1273 K. 

Fig. 3. Distribution of temperature T along depth 

(Z) of a specimen with thickness of 3 mm along 

axis r=0 at different cooling temperatures of non-

irradiated side of the target Tback: 1 – Tback=293 K, 

Q= 535 W/cm2; 2 – Tback=140 K, Q=615 W/cm2; 

3 – Tback=4 K, Q=689 W/cm2.  



Titanium  
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Fig. 4. Dependence of the beam power averaged 

over a period on the thickness of an irradiated 

titanium target at a maximum temperature in the 

center of the target of 1170 K. 

Fig. 5 Distribution of temperature T along depth 

(Z) of a specimen with thickness of 3 mm along 

axis r=0 at different cooling temperatures of the 

non-irradiated side of the target Tback: 1 – 

Tback=293 K, Q=693 W/cm2; 2 – Tback=140 K, 

Q=810 W/cm2; 3 – Tback=4 K, Q=920 W/cm2. 

 



Aluminum  
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Fig. 6. Dependence of the beam power 

averaged over a period on the thickness of an 

irradiated aluminum target at a maximum 

temperature in the center of the target of 823 K. 

 

Fig. 7. Distribution of temperature T along 

depth (Z) of a specimen with thickness of 3 

mm along axis r=0 at different cooling 

temperatures of the non-irradiated side of the 

target Tback: 1 – Tback=293 K, Q=4510 

W/cm2; 2 – Tback=140 K, Q=5820 W/cm2; 3 – 

Tback=4 K, Q=6980 W/cm2.  



Conclusion 
 

   A numerical modeling was carried out to study 

the dynamics of the gradient temperature field 

formation over the depth of metal targets of 

different thermal conductivity during 

implantation by high-intensity beams of gas and 

metal ions under conditions of forced cooling of 

the non-irradiated side of the target. 
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