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General Outline 

 

   Ion stopping and ranges                                                                                                               
 Interaction potential                                           
 Nuclear and electronic stopping                                      
 Range and range distribution 

   Target effects                                                         
 Collision cascade                                                        
 Damage     
 Sputtering                                                                            
 Ion mixing 

    Computer simulation                                                         
 Binary collision approximation      

 Molecular dynamics simulation                           
 Kinetic Monte Carlo simulation 
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Implantation Erosion Thin Film Deposition 

Surface Modification Using Ion Beams  

Structural and compositional 

modification 
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Basic definitions 

typically 1...100 keV 

typically small  

typically µA ...mA 
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Ion-solid interaction 
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Stopping of moving atoms 
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Scattering cross section 
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Nuclear scattering: interatomic potential 
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Lindhard universal scattering cross section 
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Nuclear stopping 
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Electronic interaction 
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Electronic stopping 
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Electronic stopping – high velocity 
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Stopping combined 
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Ion Ranges 
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Ion Ranges 
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Computer simulation: binary collision approximation 

Most well-known code: 

(www.srim.org) 
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Computer simulation: binary collision approximation 
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Computer simulation: binary collision approximation 
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Projected range distribution 
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Ion range distribution in a multilayer (TRIM) 

50 keV Ar+ → 3 nm Pt / 30 nm TiO2 / 3 nm Pt / Si 

TRIM employs Bragg's rule for stopping 

in TiO2: questionable! 

Use specific stopping data from 

literature where available. 
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Ion channeling 
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The collision cascade 
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Cascade regimes 
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Spatial structure of the cascade 
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Collision cascade in a multilayer (TRIM) 

50 keV Ar+ → 3 nm Pt / 30 nm TiO2 / 3 nm Pt / Si 
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Collisional damage 
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Collisional damage: TRIM computer simulation 

50 keV Ar+ → 3 nm Pt / 30 nm TiO2 / 3 nm Pt / Si 

Displacement thresholds used in TRIM: 

Ti: 25 eV, O: 20 eV 

questionable! 

 

Use specific data from literature              

where available. 

 

From MD computer simulation: 

Ti: ~130 eV, O: ~65 eV 
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Collisional damage – high fluence 
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Collisional sputtering 
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Collisional sputtering 
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Sputtered atom angle and energy distributions 
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Thermal spike: molecular dynamics computer simulation 

1 keV Ar+ → Cu 
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Sputter-controlled implantation profile 
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Preferential sputtering of compounds 
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Ion mixing in multilayer stacks  
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Ion mixing: thermal and chemical effects 
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TRIDYN: BCA simulation of compositional modification 
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TRIDYN: BCA simulation of compositional modification 
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TRIDYN applications 
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Preferential sputtering 
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Multilayer sputtering and mixing 
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Ion implantation and ion beam synthesis 
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Nucleation of precipitates 
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Ostwald ripening 
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Kinetic Monte Carlo simulation 
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Ostwald ripening by 3D lattice Monte Carlo simulation 
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Ion mixing at precipitates 
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Inverse Ostwald ripening 
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Nanocluster evolution under ion irradiation 

(Kinetic Monte Carlo simulation) 


