
 

 

Optical performances prediction of highly strained silicon photodetector 
N. Roisina), G. Bruninb), G.-M. Rignaneseb), D. Flandrea), and J.-P. Raskina) 

a) Institute of Information and Communication Technologies, Electronics and Applied Mathematics (ICTEAM), UCLouvain, Place du levant 3, 1348 Louvain-la-Neuve, Belgium 

b) Institute of Condensed Matter and Nanosciences (IMCN) , UCLouvain, Place Louis Pasteur 1, 1348 Louvain-la-Neuve, Belgium 

Email : nicolas.roisin@uclouvain.be 

 

 
ePIXfab 2022 -  Paris-Saclay - June, 20th to 24th 

Introduction
Silicon is one of the most-used materials as photodetectors in the visible spectrum due to its good material properties coupled with its low toxicity and environmental impact. However, its 
indirect band gap of 1.12 eV at 300K limits its performance in the infrared region where materials such as Ge or InGaAs are preferred. Among the possible ways to improve the absorption 
beyond the visible spectrum, highly strained silicon emerges as a promising candidate for infrared applications thanks to the strain dependence of its optical properties. We present a 
model that can be used in conjunction with first-principles computations of the relevant band gaps and other material properties to determine the absorption coefficient of highly 
strained silicon[1]. The results can then be used to predict the performances of strained silicon photodetectors using finite element simulation. 

Materials and methods 

For relaxed and strained silicon, different parameters are computed from first principles using density-functional theory (DFT) and density functional perturbation theory (PDFT), as imple-
mented in ABINIT[2] in the generalized-gradient approximation (GGA) from Perdew–Burke–Ernzerhof (PBE). The parameters computed are then injected in an analytical expression of the 
absorption coefficient[3] that is finally used to compute the quantum efficiency using a finite element simulation, as implemented in Silvaco Atlas. 

Conclusion 

We have shown that highly strained silicon can be used to extend the material bandwidth 
beyond 1.6 μm wavelength. Moreover, the absorption coefficient increases by a factor of 
100 at the relaxed cutoff wavelength under a 3% strain in the [110] direction. We have 
shown that the impact of strain is mainly significant around the cutoff wavelength which 
makes silicon strain engineering particularly interesting for infrared applications.  

The enhanced absorption leads to an increase by two (resp. three) orders of magnitude 
for the external quantum efficiency of a standard 10 μm (resp. 100 μm)-thick silicon pho-
todetector at the conventional cutoff limit. 
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Four parameters (Eg, hωqv , mv and mc) are computed using first-principles[3]: 

• Uniaxial strain along 
[110] crystal direction 
gives the largest band 
gap reduction (-0.1 
eV/% ) 

• Phonon energies do not 
vary significantly 

• Valence effective mass 
show large drop com-
pare to conduction one 

An analytical model can be computed by taking into account all the possible pho-

non-photon interactions routes for each phonon mode (LO, TO, LA and TA) in sili-

The external quantum efficiency ηe is computed with the finite element software 
by simulating a PIN silicon photodetector. 

Photon absorption          Phonon absorption 

Photon emission          Phonon absorption 

Photon absorption          Phonon emission 

Photon emission          Phonon emission 

The cutoff limit goes beyond 1.6 μm at 3% strain and the absorption coefficient 

increases by two orders of magnitude at the relaxed cutoff wavelength (1.15 μm). 

The external quantum efficiency at 1.15 μm increases from 0.04% to 5 % (resp. 
40%) for a 10 μm (resp. 100 μm)-thick device strained at 3%.  
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