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            Abstract
Sensitive photodetectors that operate at a wavelength of 2 μm are required for applications in sensing and imaging but state-of-the-art devices are severely limited by high dark current density (Jdark). The narrow-bandgap materials required for mid-infrared (2–5 µm) detection are plagued by carrier recombination and band-to-band tunnelling; as a result, detectors must be operated at cryogenic temperatures. HgCdTe is currently the most commonly used materials system for these applications and has achieved Jdark = 3 × 10−4 A cm–2 at a gain of 10 while operating at 125 K. Here, we report the details and results for avalanche photodiodes for 2-μm detection based on a separate absorption, charge, and multiplication design in the AlxIn1–xAsySb1–y materials system. We achieve comparable Jdark between 200–220 K and demonstrate very low excess noise (k ≈ 0.01) and gain >100 at room temperature. Such avalanche photodiodes could prove useful for receivers for eye-safe light imaging, detection and ranging.
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                    Fig. 1: SACM APD designs.[image: ]


Fig. 2: Capacitance–voltage and EQE.[image: ]


Fig. 3: Current–voltage and gain.[image: ]


Fig. 4: Excess noise.[image: ]


Fig. 5: Dark current density.[image: ]


Fig. 6: ΔVbd/ΔT.[image: ]
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The data that support the plots within this paper and other findings of this study are available from the corresponding author on reasonable request.
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