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Abstract:

Short-wavelength infrared (SWIR) phototransistors are vital components in a variety of ad-
vanced technologies, including optical telecommunications, and thermal imaging for night 
vision. Conventional SWIR photodetectors, such as those based on In GaAs, often suffer from 
lattice mismatch issues that limit their integration with silicon-based integrated circuits and 
flexible substrates. Black phosphorus (BP), a two-dimensional (2D) material with a layered 
lattice structure, effectively addresses this limitation, offering excellent compatibility with 
both silicon and flexible substrates. BP nanosheets, typically 10–20 nm thick, possess a direct 
bandgap of approximately 0.3 eV and demonstrate significantly stronger infrared absorption 
than other monolayer 2D materials. These characteristics make BP a highly promising candi-
date for high-performance infrared photodetectors. In this work, we report a high-sensitivity 
SWIR phototransistor based on a 26 nm-thick BP flake, operating at a wavelength of 2.2 μm. 
The flake was mechanically exfoliated onto a silicon substrate, and source-drain electrodes 
were patterned using electron beam lithography (EBL). The device achieved a high respon-
sivity of 85 A/W and a detectivity of 108 Jones under a low illumination power of 2 nW and a 
small source-drain bias voltage of -0.6 V. Additionally, a temperature-dependent study of the 
photo response was conducted across a temperature range of 300 K to 50 K. These results un-
derscore the strong potential of BP-based phototransistors for SWIR detection applications, 
particularly in weak-light-level scenarios such as biomolecular sensing and thermal imaging.
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