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            Abstract
Scaling superconducting nanowire single-photon detectors into a large array to obtain imaging capability is desired for applications in photon-starved conditions, considering the outstanding performance already demonstrated on a single detector. However, this is challenging because the ultralow operation temperature only allows specific electronics of ultralow power dissipation to work. Here we develop a kilopixel imager by introducing an orthogonal time–amplitude-multiplexing method. This readout is solely built in the superconducting nanowire by geometrically designing the nanowire structure to manipulate its hotspot growth and microwave propagation after photon detection. As a result, pixel locations are encoded on both time and amplitude domains of the output pulses. This dual multiplexing method overcomes the previous limitation of a time-multiplexing readout, where the time measurement uncertainty deteriorates the spatial resolution and scalability. Experimentally, with two readout lines, we have demonstrated a 32 × 32 imager with an average readout pixel fidelity of 97% and an average temporal resolution of 67.3 ps. The performance of this imager is further verified by single-photon imaging experiments at a low photon flux down to one detected photon per pixel. This orthogonal time–amplitude-multiplexing readout and corresponding nanowire designs give the most efficient readout compared with previous methods, which would speed up the development of large-scale single-photon imagers for quantum measurements, remote sensing, astronomical telescopes and so on.
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                    Fig. 1: Conceptual diagram of OTAM-SNSPI.[image: ]


Fig. 2: Demonstration of OTAM-SNSPI.[image: ]


Fig. 3: Single-photon imaging results.[image: ]


Fig. 4: Uniformity of detection performance.[image: ]
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