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Extending siliconʼs reach:
non-equilibrium doping of silicon
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Not constraints:
 – land
 – scope

Constraints:
 – silicon cost
 – efficiency

Why extend silicon’s reach?
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Understanding a material that extends siliconʼs reach:

• What we know about laser doping of silicon

• Structural role of dopants in infrared absorptance

• New developments and directions



femtosecond laser doped silicon
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secondary ion mass spectroscopy (SIMS)
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secondary ion mass spectroscopy (SIMS)

fs lasers dope beyond equilibrium limit
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roughness

polycrystalline
surface layer

Alters the optical
properties of Si

Creates a p-n 
junction in Si
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Hypothesis: non-equilibrium doping yields impurity band 
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Could this diffusion-related drop in absorptance 
be governed by grain size?
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Conclusion: diffusion is a critical mechanism 
involved in deactivation of optical response 
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Dopant levels from Hall measurements
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CB
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0.614 eV

0.371 eV
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Preliminary data suggests: S takes substitutional site

substitutional
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Synchrotron Facilities

National Synchrotron Light Source, Brookhaven,
NY

Advanced Photon Source, Argonne, IL
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1.incoming x-ray (changes in energy)

central atom

X-ray absorption Spectroscopy:  XAS
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2.Photoelectron 

   3. Scattered
Photoelectron
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4. interference
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5.oscillation in 
absorption µ

1.incoming x-ray (changes in energy)

central atom

neighboring atom

X-ray absorption Spectroscopy:  XAS

Measures:
– nearest neighbor distance

– chemical state
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Tracking Se Impurity Chemical State
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On our way to solving the puzzle!

Conclusions
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