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What is chemical sputtering?  
One-time ñchemical sputteringò means 

Å other than ñphysical sputteringò.  

Å to generate CxHy molecules. 

physical sputtering 

      Ą atom desorption 
chemical sputtering ? 

  Ą molecular desorption 

As a result, our understanding from MD is: 

ÅThermal desorption as statistical desorption for long time 

ÅChemical detachment by chemical reaction on surface 



Langevin thermostat 

controlled temperature  

Energy conserved sytem  

uncontrolled temperature  

Graphite peeling 
ÅThe surface is peeled one sheet by one sheet 

ÅGenerated molecules are carbon chain Ą not to agree exp. 

Amorphization 
ÅCH4 is generated 

ÅThis is realistic chemical erosion 

Thermal desorption 



Experiment [B.V. Mech (1997)] MD (Langevin, 30eV injection) 

Thermal desorption process on an amorphized graphite 

Å In MD, only Langevin thermostat leads agreement to experiment in 

temperature dependence. Nose and Berendsen thermostats do not agree. 

Å Langevin thermostat brings thermal desorption : ~ exp(-ȹE/T) 

Å Amorphization (chemical erosion) decreases desorption barrier ȹE 

Å We consider that long time scale of thermal desorption is comparable to 

annealing (T > 900K), then sputtering yield decreases with temperature. 



Thermal desorption process on an amorphized graphite 
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Num. of reaction in MD 

CH4 generation process by 

thermal desorption process is 

Amorphization (chemical erosion) decreases desorption barrier ȹE 

What is process of thermal desorption of CHx? 

*Y. Zempo and M. Tanaka, Newsletter of NIFS (Feb. 2004) 

The quantum chemical calculation result that the state of CH2 residue is 

unstable in formation energy* supports this prediction from the MD.  



Chemical detachment process on a diamond 

H injection H injection 

No sputtering Sputtering is detected! 

On graphene On diamond 
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red: adsorption,     green: reflection   

yellow: penetration, blue sputtering  
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Chemical detachment process on a diamond 
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Correlation between adsorption 

position and CH sputtered position 

Ąchemical sputtering (detachment) 

using adsorption energy 


