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beyond the equilibrium limit
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Understanding non-equilibrium doping:

• Laser doping – how we do it and what we know

• Non-equilibrium dopant concentrations

• Hall measurements – determining dopant energetics

laser process non-eq. doping electronic structureelectronic structure



femtosecond laser doped silicon
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CB

VB

0.614 eV

0.371 eV

0.318 eV

0.188 eV

0.11 eV

0.248 eV

0.08 eV0.09 eV

Hypothesis: non-equilibrium doping yields impurity band 
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insert high mag TEM image here
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secondary ion mass spectroscopy (SIMS)

fs lasers dope beyond equilibrium limit
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secondary ion mass spectroscopy (SIMS)

fs lasers dope beyond equilibrium limit

n  < 10   cm-317
eq
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silicon substrate

device layer
buried oxide

Isolate surface properties
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buried oxide
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Isolate surface properties
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Dopant levels from Hall measurements
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CB

VB

0.614 eV

0.371 eV

0.318 eV

0.188 eV

0.11 eV

0.248 eV

0.08 eV0.09 eV

Preliminary conclusion: S takes substitutional site

substitutional
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Laser doping dramatically alters 
optical properties
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0.614 eV

0.371 eV

0.318 eV

0.188 eV

0.11 eV

0.248 eV

0.08 eV0.09 eV

Better knowledge of electronic structure will 
enable incorporation into devices
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Could this diffusion-related drop in absorptance 
be governed by grain size?
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Conclusion: diffusion is the dominant mechanism 
involved in deactivation of optical response 
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Activates surface 
roughness

Dopes Si to high
levels (~1021/cm3)

Alters the optical
properties of Si

Creates a p-n 
junction in Si
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