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roughening doesn’t change IR transmission…

polished unpolished
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…but black silicon blocks IR completely
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black silicon completely black in IR

visible IR
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laser treatment causes:

• surface structuring

• inclusion of dopants



black silicon “flavors”

 surface structure doping

reactive ion etching

fs laser processing

ion implantation



black silicon “flavors”

 surface structure doping

reactive ion etching 3 7

fs laser processing 3 3

ion implantation 7 3
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cross-sectional 
Transmission Electron 

Microscopy
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M. Wall, F. Génin (LLNL)
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gap determines optical and electronic properties
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shallow-level dopants control electronic properties
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deep-level dopants typically avoided
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1 part in 106 sulfur introduces donor states in gap

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

Janzén et al., Phys. Rev. B 29, 1907 (1984)
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at high concentration states broaden into band

CB

VB

1.1 µm 

8 µm  
4 µm  

2 µm  

1.5 µm  

0.614 eV

0.371 eV
0.318 eV

0.188 eV
0.11 eV

0.248 eV

0.08 eV0.09 eV

1  properties            2   intermediate band



10–6 sulfur doping
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laser-doped S:Si
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should have shallow junction below surface

sulfur-doped layer

p-doped substrate
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excellent rectification (after annealing)
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• enhanced sensitivity

• extended IR response
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near-IR is next wave in imaging!
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gesture recognition

image: fastcolabs.com
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night vision

wikimedia.org
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biometrics

image: kusic.ca
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robotics

image: AP images



 
 

www.sionyx.com

1  properties            2   intermediate band              3   devices



 

Combine state-of-the-art low-noise CMOS image 

sensor design with enhanced quantum efficiency
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Resolution
pixel
(µm)

noise
(e/pix)

Idark

(e/pix/s)
P

(mW)

872 x 654 5.6 2.1 24 300

1280 x 720 5.6 2.1 24 360

1280 x 1024 10 2.6 83 400

8” CIS process flow

4T pixel architecture
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no compromises in visible

Sony color CCD
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no compromises in visible

Sony color CCD SiOnyx XQE sensor
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90+ dB dynamic range

Sony color CCD
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90+ dB dynamic range

Sony color CCD SiOnyx X1 sensor
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0.9 mlux irradiance from 2850 K source

SiOnyx (50 mm, F1.4, 30 fps)

2850 K
source calibrated

photopic
detector

integrating
sphere

SiOnyx
camera

chart
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NIR
gesture detection
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NIR
gesture detection
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3D imaging for gesture user interface (850 nm)

SiOnyx XQE standard CCD
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nightvision
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nightvision

10x
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dark room 1050 illumination

SiOnyx (F1.4, 33 ms, 24x)
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dark room 1050 illumination

no image processing

SiOnyx (F1.4, 33 ms, 24x) reference (F1.4, 33 ms, 24x)
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dark room 1050 illumination

no image processing

SiOnyx (F1.4, 33 ms, 24x) reference (F1.4, 33 ms, 24x)
2x DIGITAL GAIN ADDED
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nightvision
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starlight illumination

SiOnyx
25 mm

F1.4
30 fps

clear, moonless night (laser targeting spot: 30 µJ at 100 m)



 
 

Things to keep in mind

• can turn absorption into carrier generation

• very high responsivity in VIS and NIR
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Things to keep in mind

• can turn absorption into carrier generation

• very high responsivity in VIS and NIR

disruptive improvement in Si imaging
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Summary

• new doping process

• new class of material

• new types of devices
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