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Among Dirac materials, Topological Insulators (TIs) 

offer new interesting applications in the field of 

photonics due to their unique nature to be 

semiconductor or insulating in the bulk while host 

Dirac metallic states on the surface. This double 

property allows the absorption of an electromagnetic 

radiation and the circulation of surface charge carriers 

protected against scattering with nonmagnetic 

impurities. Moreover, when deposited on a 

semiconductor, the metallic TI surface give rise to the 

formation of a rectified Schottky heterojunction (HJ). 

Among TIs, Bi2Se3 presents a bulk electronic energy 

gap EG=0.3 eV allowing its use at infrared (IR) 

telecommunication wavelengths (=1550nm). Here 

we report on the fabrication of Bi2Se3/n-Si HJ working 

as photodetectors by depositing Bi2Se3 thin films with 

different thickness on prepatterned n-Si substrates.  

Bi2Se3 thin films are obtained by vapour-solid 

deposition method where Bi2Se3 powder is evaporated 

in a quartz tube at 600°C under vacuum [1]. The 

evaporated species stream towards the pumping foreline 

depositing on the substrates positioned in the coldest 

part of the worktube allowing to obtain films with 

different thickness during the same process. 

Fig.1 shows the optical absorbance of Bi2Se3 thin 

films with thickness in the range 3.2 nm-9.6 nm. The 

optical absorbance of Bi2Se3 thinnest layer is 

comparable to that of graphene indicating that this 

material can be used as transparent window for 

photodetector application. Increasing the thickness, the 

absorbance increases as expected. Interestingly, Bi2Se3 

absorbance is relevant even at IR wavelengths where Si 

absorbance strongly decreases, suggesting a possible 

broadening of the absorption band in the case of a 

Bi2Se3/Si HJ. 

Fig.2 shows the responsivity vs. Bi2Se3 thickness in Bi2Se3/n-Si HJ. The responsivity is measured after 

illuminating the Bi2Se3/n-Si HJ through the Bi2Se3 layer. The presence of the minimum in the data can be 

explained considering that Bi2Se3 achieve its topological properties for thickness above 5-6 nm. [2] Below 5 nm 

the Bi2Se3 layers are normal semimetals with high electrical resistivity and the produced photocurrent is 

depressed. Above 5 nm, the high mobility Dirac surface states play their role in delivering the photocharges to 

the external circuit and the responsivity is highly increased. The highest values of photocurrent measured for the 

thickest Bi2Se3 layer approach 1A/W which is of the same order of commercial Si based photodetectors. 

In conclusion, we demonstrated Bi2Se3/n-Si HJ for photodetection applications at telecommunication 

wavelengths.  
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Fig.1 Optical absorbance vs. energy of Bi2Se3 

thin films with different thickness. The dashed 

pink line is the absorption coefficient of Si 

(right scale) and the orange dashed line is the 

absorbance of graphene 

Fig.2 Responsivity vs. thickness for  the deposited 

Bi2Se3 /n-Si heterojunctions 
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