
Brief introduction of ARCNL 

Special Scanning Tunneling Microscopy 

Movies:  live formation of Si-Mo interfaces 
 live kinetic roughening of Mo film 
 live ion erosion 

                                                                      
, ARCNL, Amsterdam, The Netherlands 
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MISSION 

The research of ARCNL focuses on fundamental physics in the context of 
technologies for (nano)-lithography, primarily for the semiconductor industry.  

 

PPAARRTTNNEERRSS  

Foundation for Fundamental Research on Matter (FOM/NWO), University of 
Amsterdam, VU University Amsterdam, ASML 

 

LLOOCCAATTIIOONN  

Amsterdam Science Park, The Netherlands 



      SScciieennttiiffiicc  pprrooggrraamm 
 



Temporary laboratory 
600 m2 lab space 
IInn  uussee  ssiinnccee  mmiidd  OOccttoobbeerr  22001144  

Temporary offices 
(capacity 96 people) 
IInn  uussee  ssiinnccee  eenndd  ooff  
DDeecceemmbbeerr  22001144  

Long-term housing (Matrix-VII) in preparation (complete in 2018)  

TTeemmppoorraarryy  llaabbss  aanndd  ooffffiicceess  
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Roughness + interface film 

Why rough and graded!? Reduces reflectivity 

source: Fred Bijkerk Group

IInntteerrffaaccee  ffoorrmmaattiioonn  iinn  EEUUVV--ooppttiiccss  



STM =  ‘Scanning Tunneling Microscope’ 
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DDeeppoo--SSTTMM::  iinn--ssiittuu  ggrroowwtthh  //  iioonn  eerroossiioonn  
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CClluusstteerrss::  nnuummbbeerr  ssttaattiissttiiccss  
2 or 3 Mo atoms required to form stable MoSi2 cluster; single Mo 
atoms remain ‘invisible’, diffusing rapidly within single 7x7 unit cell 



CClluusstteerrss::  ssppaattiiaall  ssttaattiissttiiccss  

Conclusion:  
1 cluster per 7x7 unit cell 
=> diffusion barrier for Mo 
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MMoo  aanndd  MMooSSii22  ddoonn’’tt  wweett  SSii((111111))  

!!! "# <!$%"#" <!$%

Van Loenen et al. 
Surf.Sci. 157, 1 (1985) 

Similar to scenario for Ni: 
=> silicide islands 
     with Si skin 
     (diffusion of Si) 

Surface free energies: 



Mo 

Si 

source: Fred Bijkerk Group

MMoo  aanndd  MMooSSii22  ddoonn’’tt  wweett  SSii,,  bbuutt  SSii  wweettss  tthheemm  

!!! "# <!$%"#" <!$%
Surface free energies: 

MoSi2 
Si 

Si 

Mo on Si: 
=> silicide islands 
     with Si skin 
     Mo film only after closure of silicide 

Si 
Mo 

MoSi2 

Si on Mo: 
=> thin silicide film 
     Si overgrows it quickly 
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MMoo  oonn  SSii::  rroouugghheenniinngg  ssttaattiissttiiccss  

rms height variation 

Scaling for kinetic roughening: 

autocorrelation function 

height correlation function 
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MMoo  oonn  SSii::  rroouugghheenniinngg  ssttaattiissttiiccss  



Exponents ! and 1/z match Grain-Boundary Crossing model 

MMoo  oonn  SSii::  rroouugghheenniinngg  ssttaattiissttiiccss  
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Frame i Frame i +1 

F(i +1) - F(i)  

Marcel Rost 
Vincent Fokkema 

IInnddiivviidduuaall  iimmppaacctt  eevveennttss  
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Dose (nC/cm2)
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Ion dose (nC/cm2) 
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Removal rate is proportional to the damage already done 
Perfect Si(111)-7"7 is almost perfectly reflective for 800 eV Ar+ at 75° 

EErroossiioonn  rraattee  pprrooppoorrttiioonnaall  ttoo  ddaammaaggee  
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IIoonn  ssmmooootthheenniinngg  ooff  ddeeppoossiitteedd  MMoo  
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((AARRCCNNLL))  
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