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Compound Semiconductor Photosensors (on CMOS) 
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Detectivity of Different Types of Infrared Photosensor Materials  

Andrew Wilson, ’’The Infrared Choice’’, Vision Systems Design, Vol. 16, 1 April 2011 
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InAsSb: Longest Wavelength III-V Semiconductor 

M. Razeghi, ‘’Longwavelength InAsSb Infrared Photodetectors’’, ARPA Report, April 1995 
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Mid-Infrared Quantum Detection: InAsSb 
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Quantum Dot Photosensing 
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Reminder: Quantum Confinement Photodetection (Electron in a Box)  

Potential energy: U = 0  in the box (0..L), and U = outside the box 
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NIR/MIR Cutoff-on-Demand: Quantum-Dots on CMOS Image Sensors 

T. Rauch et al., ’’Near-infrared imaging with quantum-dot-sensitized 

organic photodiodes’’, Nature Photonics, Vol. 3, 17 May 2009 
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MIR Wavelengths Accessible to Quantum-Dot Photosensing 

S. Keuleyan et al., ’’Mid-infrared HgTe colloidal quantum-dot 

photodetectors’’, Nature Photonics, Vol. 5, 17 Aug. 2011 
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Free Carrier Absorption – Homojunction Internal Photoemission 
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Silicon-Based (CMOS-Compatible) MIR/FIR Photosensing? 

IR absorption 

in doped Si is 

increasing with 

the square of 

the wavelength 

 

Relationship 

holds up to 

wavelengths of 

several 100 µm 

(FIR / THz) 

S.E. Aw et al., ’’Optical absorption measurements of bandgap shrinkage  in 

moderately and heavily doped siliocn’’, J. Phys.Cond. Matter Vol. 3, 1991 
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Ultra-Wide-Band NIR/MIR/FIR/THz Silicon Photodetection: FCA/HIP 

A.G.U. Perera et al., ’’Homojunction internal photo-

emission far-infrared detectors: Photoresponse 

performance analysis’’,  J. Appl. Phys. 77 (2), 1995 

z 

IR 
Potential barriers close 

to the surface, next to 

highly doped silicon, act 

as filters for charge 

carriers excited by the 

incident IR photons: 

 

Only higher-energy 

electrons/holes can 

pass over the barrier, for 

collection and detection 

by adjacent electronic 

circuits 

 

HIP = Homojunction 

internal photoemission 
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Intersubband Infrared Photodetection 
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Infrared Photodetection With A Silicon Gate (MOS) Structure  
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Potential Distribution In A (Silicon) MOS Structure 

Fully depleted (10V)      Potential well 1/3 full   Thermal equilibrium 

Charge confinement - 

Quantized energy levels ! 



18 16-Jan-15 18 16-Jan-15 

Silicon-Based Inter-Subband Voltage-Tuneable Infrared Detectors 

R. G. Wheeler and H. S. Goldberg, ‘’A Novel Voltage Tuneable 

Infrared Spectrometer-Detector’’, IEEE Trans ED-22 (1975) 
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Silicon-Based Inter-Subband Voltage-Tuneable Infrared Detectors 

C.J. Anthony et al. (Qinetiq), ’’Infra-Red Detector’’, US Patent No. 6,420,707 B1, 2002 
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Inter-Subband Voltage-Tuneable Silicon Infrared Detectors  

Fully depleted (10V)      Potential well 1/3 full  

Potential slope dV/dz 

(max. electric field) at 

silicon/oxide interface: 

Device design and 

Si technology ! 

VG : Gate voltage 

NS : Substrate doping 
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Affordable Solid-State Infrared Photodetection and Image Sensing 

The overall goal is to conquer the 

EIR [Extended Infrared Spectral 

Range] with a complete toolbox  of 

low-cost active and passive 

photonic devices [100x cheaper] … 
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Thank you very much! 

www.hamamatsu.eu 


