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Microstructuring Silicon

irradiate with 100 fs 10 kJ/m2

Her et al. Appl. Phys. Lett. 73, 1673 (1998)
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Structural and chemical analysis



Structural properties

Ion channeling and electron backscattering
�

Microstructured silicon retains crystalline order

High density of defects



Chemical analysis

Secondary Ion Mass Spectrometry (SIMS)
�

High concentration of sulfur (~ 1020 cm–3)

High concentration of fluorine (~ 1017cm–3)



Optical Properties
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Ordinary silicon

conduction band

valence band

hn

Only wavelengths < 1.1 µm are absorbed

Egap=1.07 eV (1.1 µm)
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Microstructured silicon
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Microstructured silicon
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Microstructured silicon
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Microstructured silicon
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What causes the absorption?



Multiple reflections



Below-band gap absorption

conduction band

valence band

States in band gap allow subgap absorption



Sulfur energy levels

0.614 eV

0.318

0.188

0.371

0.110 0.092
0.082

0.248

Janzen et al.  Phys. Rev. B 29, 1907 (1984)



Below-band gap absorption

Anneal microstructured surface
in vacuum (10 -7 torr) at 910  C
for 3 hours



Below-band gap absorption

(a)
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before anneal

after anneal



Below-band gap absorption

SIMS: S, F content decreases roughly twofold



Below-band gap absorption

SIMS: S, F content decreases roughly twofold

Ion channeling: structural defects persist



Below-band gap absorption

SIMS: S, F content decreases roughly twofold

Ion channeling: structural defects persist

Absorptance:
           visible basically unchanged
           subgap decreases roughly twofold



Below-band gap photocurrent



Below-band gap photocurrent
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Below-band gap photocurrent
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Conclusions

More than 3-fold QE increase at 1.06 µm, 1.33 µm

Unprecedented strong broadband absorptance (UV to IR)
Below-band gap absorptance from impurities, multiple reflections

Mostly crystalline with structural and chemical defects

 Material characterization:

 Optical properties:

 Photovoltaic properties:
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Chemical composition
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Chemical composition
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Below-band gap absorption
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Below-band gap absorption

1.0

0.8

0.6

0.4

0.2

0.0

ab
so

rp
ta

nc
e

210
wavelength (mm)

 before anneal

 after anneal

Total absorptance 



Below-band gap absorption
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