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Graphene	
  

а.	
  Perfect	
  graphene	
  
b.	
  Grapene	
  with	
  a	
  single	
  vacancy	
  



Graphene	
  -­‐	
  proper.es	
  

•  Extremely	
  strong	
  
•  Best	
  electrical	
  conduc*vity	
  
•  The	
  	
  perfect	
  graphene	
  has	
  a	
  zero	
  band	
  gap	
  



Interest	
  in	
  the	
  field	
  

•  Fundamental	
  interest:	
  	
  
	
  the	
  well-­‐known	
  cross-­‐sec*ons	
  can	
  not	
  be	
  directly	
  
used	
  for	
  interac*ons	
  in	
  2D	
  

•  Prac*cal	
  interest:	
  	
  
	
  	
  	
  	
  applica*ons	
  in	
  spintronics	
  	
  of	
  graphene	
  with	
  
vacancies	
  -­‐	
  controlable	
  



Model	
  the	
  radia.on	
  interac.on	
  with	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  graphene	
  

•  Model	
  of	
  successive,	
  binary	
  interac*ons.	
  

•  No	
  crystal	
  effects	
  causing	
  channeling.	
  

•  The	
  polariza*on	
  of	
  the	
  medium	
  leads	
  to	
  different	
  scabering	
  in	
  
the	
  range	
  of	
  collec*ve	
  interac*ons.	
  

•  The	
  ion	
  trajectory	
  is	
  traced	
  un*l	
  its	
  energy	
  goes	
  under	
  the	
  
plasmons	
  excita*on	
  	
  energy	
  (2	
  eV).	
  



TRIM	
  setup	
  



Results	
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Spubered	
  
aboms	
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Dependence	
  of	
  the	
  number	
  of	
  spubered	
  carbon	
  atoms	
  and	
  
proton	
  energy.	
  	
  Total	
  number	
  of	
  protons	
  is	
  1000.	
  



Results	
  

Proton	
  

Energy	
  
[keV]	
  

0.6	
   0.7	
   0.8	
   0.9	
   1	
   1.1	
   1.2	
   1.3	
   1.4	
   1.5	
   2	
  

Spubered	
  
aboms	
  

89	
   62	
   65	
   62	
   61	
   65	
   58	
   56	
   60	
   70	
   47	
  

Rela*on	
  between	
  number	
  of	
  spubered	
  atoms	
  and	
  
proton	
  /	
  carbon	
  ion	
  energy.	
  Total	
  number	
  of	
  ions	
  is	
  1000.	
  

Carbon	
  

Energy	
  
[keV]	
  

0.6	
   0.7	
   0.8	
   0.9	
   1	
   1.1	
   1.2	
   1.3	
   1.4	
   1.5	
   2	
  

Spubered	
  
aboms	
  

1460	
   1423	
   1430	
   1384	
   1347	
   1347	
   1395	
   1350	
   1332	
   1317	
   1331	
  



Results	
  

Energy	
  
[MeV]	
  

Defect	
  yield	
   SiO2	
   Graphene	
  

Sn	
  
(keV/nm)	
  

Se	
  
(keV/nm)	
  

Sn	
  
(keV/nm)	
  

Se	
  
(keV/nm)	
  

1	
   0.007	
   0.0092	
   1.06	
   0.0097	
   1.35	
  

3	
   0.004	
   0,0039	
   1.44	
   0.0034	
   1.77	
  

Defect	
  yield	
  in	
  SiO2-­‐supported	
  graphene,	
  nuclear	
  stopping	
  power	
  
(Sn)	
  and	
  electronic	
  stopping	
  power	
  (Se)	
  under	
  irradia*on	
  with	
  a	
  
carbon	
  ion	
  beam.	
  



Results	
  

Total	
  number	
  of	
  protons	
  	
  
=	
  1000	
  

Energy	
  [eV]	
  =	
  800	
  eV	
  

Angle	
  =	
  90	
  deg	
  

Spubered	
  atoms	
  =	
  8	
  

Spubered	
  atoms	
  (with	
  
SiO2)	
  =	
  10	
  



Results	
  

Total	
  number	
  of	
  protons	
  	
  
=	
  1000	
  

Energy	
  [eV]	
  =	
  800	
  eV	
  

Angle	
  =	
  5	
  deg	
  

Spubered	
  atoms	
  =	
  73	
  

Spubered	
  atoms	
  (with	
  
SiO2)	
  =	
  118	
  



Results	
  

Total	
  number	
  of	
  protons	
  	
  
=	
  1000	
  

Energy	
  [eV]	
  =	
  800	
  eV	
  

Angle	
  =	
  10	
  deg	
  

Spubered	
  atoms	
  =	
  57	
  

Spubered	
  atoms	
  (with	
  
SiO2)	
  =	
  104	
  



Results	
  

•  Larger	
  number	
  of	
  atoms	
  are	
  knocked	
  out	
  when	
  beam	
  falls	
  at	
  
a	
  smaller	
  angle	
  to	
  the	
  surface.	
  

•  For	
  genera*ng	
  a	
  very	
  small	
  number	
  of	
  vacancies,	
  the	
  beam	
  
should	
  be	
  perpendicular	
  to	
  the	
  surface,	
  with	
  an	
  op*mal	
  
range	
  of	
  energy	
  600	
  eV	
  –	
  2	
  keV.	
  

•  SRIM	
  results	
  agree	
  with	
  the	
  expected	
  number	
  of	
  generated	
  
vacancies,	
  depending	
  on	
  the	
  energy	
  and	
  intensity	
  of	
  the	
  
proton	
  beam.	
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