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Detection of activated impurities in nano-scale ultra-shallow junctions 

formed on Si surfaces by photoelectron spectroscopy 
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We studied chemical bonding states and electrical activation of As impurity in crystalline Si in order to develop 
shallow junction technology for advanced Si transistors having ultra small dimensions. As atoms having three 
different binding energies were successfully detected for minimum concentration in the order of 1018cm-3 by 
using soft X-ray excited photoelectron spectroscopy. From comparison of concentration of these As atoms with 
electron concentration evaluated by Hall effect measurements, it was found that electrically activated As cannot 
be correlated with single chemical bonding state as in the case of B atoms. 
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[1] K. Tsutsui et al., JAP, 104, 093709 (2008). 
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Fig.1 As 3d spectrum obtained for the sample 
with As concentration of 2.6x1018cm-3. 
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Fig.2 Concentration of all kinds of As atoms 
("All As"), As atoms having binding energies 
of BE1, BE2 and BE3 and carriers as a 
function of "All As" concentration. 
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Fig.3 Concentrations of As atoms having 
binding energies of BE1, BE2 and BE3 and 
carriers normalized by the "All As" 
concentration. 
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