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Our goal:

Create new materials
to capture light more effectively.





femtosecond laser processing causes:

• surface texturing

• inclusion of dopants
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1  Si texturing

Ultrafast laser irradiation 
creates surface textures 
with anti-reflective 
and light-trapping properties.

These properties are easily tunable.



1  Si texturing

F

Cl

Br

I

B

Al

Ga

In

C

Si

Ge

Sn

P

As

Sb

VIIII IV V

Ne

Ar

Kr

Xe

HeVII

VIII

ON

S

Se

Te

Be

Mg

Ca

Sr

IIH

Li

Na

K

Rb

I

VSc Ti Cr Mn Fe Co Ni Cu Zn

NbY Zr Mo Tc Ru Rh Pd Ag Cd

Zn

Dopants:

Substrates:

Si

N

irradiation in N2 environment



1  Si texturing

laser-textured 
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1  Si texturing

additional pulses lead to larger textures

25 pulses 25 p/s100 pulses

3 µm

Silicon wafers, 3 kJ/m2 in N2
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1  Si texturing

effect of texture depends on size of texture

25 pulses 25 p/s100 pulses

3 µm

25 pulses 25 p/s100 pulses
texture size:  3 um

anti-reflection:  λ < 7.5 um

light-trapping:  λ < 6 um  up to mid-IR

texture size:  600 nm

anti-reflection:  λ < 1500 nm

light-trapping:  λ < 1200 nm  up to near-IR
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surface texturing gives enhanced absorptance
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increased texture depth:
increased light-trapping
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Using ultrafast laser processing, 
texture sizes are easily tunable.
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Using ultrafast laser processing, 
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1  Si texturing

 

Using ultrafast laser processing, 
texture sizes are easily tunable.

Challenge:
Independent control of texture width and height.

Bigger challenge:
Controlling laser-induced damage.
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Hyperdoping with deep-level states 
produces a dopant band
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Hyperdoping with deep-level states 
produces a dopant band
and infrared absorption.

Dopant band can be tuned
with thermal treatments.
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equilibrium doping leads to isolated defects
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Janzén et al., Phys. Rev. B 29, 1907 (1984)
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produces new materials
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hyperdoping leads to an extended band
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Ultrafast laser hyperdoping
produces new materials 
with new properties.
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silicon is doped beyond its solubility limit
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dopant concentration controlled with gas pressure
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dopant concentration controlled with gas pressure
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dopant concentration controlled with gas pressure

depth (nm)

 s
ul

fu
r c

on
c.

 (c
m

−3
)

0 20 40 60 80

1019

1018

1017

1016

1
10

100

SF6 pressure
(Torr)
500

solubility limit

Tune dopant concentration 
with gas pressure.

Tune dopant band
with annealing.
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annealing causes deactivation of infrared absorption
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annealing causes deactivation of infrared absorption
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annealing causes deactivation of infrared absorption
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annealing causes deactivation of infrared absorption
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annealing causes deactivation of infrared absorption
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high-temp. annealing causes reactivation of infrared absorption

Annealing tunes dopant band.

High-temperature annealing
preserves dopant band.
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We can: 
   create a dopant band in silicon
   with fs-laser hyperdoping.

   tune the dopant band in silicon
   with thermal treatments.

1  Si texturing                              2  Si doping                      
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Challenge: 
Creating an ideal dopant band
for photovoltaics.
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Challenge: 
Creating an ideal dopant band
for photovoltaics.

Bigger challenge:
Controlling carrier recombination
induced by the dopant band.

1  Si texturing                              2  Si doping                      
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Landis E., Phillips K. et al., J. Appl. Phys. in print (2012)
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nitrogen peak means TiN formed
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nitrogen and oxygen together form TiO2
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can incorporate N2 or O2 but not both
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we form rutile TiO2 when annealed
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can incorporate a variety of transition metals in TiO2
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then measure photoelectrochemical response
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Produce nanostructured and doped TiO2

Oxidize water with laser-structured samples
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Produce nanostructured and doped TiO2

Oxidize water with laser-structured samples

Future work: Extend to other oxides               
and optimize dopants 
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