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Abstract Single-photon imaging is a technology that detects the spatial and temporal information carried by each
photon to reconstruct an object image. Single-photon detectors based on superconducting nanowires have the
advantages of high efficiency, low time jitter, and wide response spectrum, which is suitable for single-photon
imaging applications. The superconducting nanowire delay-line single-photon imager is a novel single-photon
imager. It utilizes the high kinetic inductance of the superconducting nanowires to build an ultraslow microwave
transmission line. The arrival time and spatial position of photons can be simultaneously measured by reading the
arrival times of the output pulses. This study introduces the design principle, geometry structure, and readout
method of this imager. Besides, we introduce a single-photon imaging experiment in presence of strong background
noise to demonstrate the performance enhancement using the joint optimization of high-performance imaging devices
and reconstruction algorithms.
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Fig. 1 Superconducting nanowire single-photon detector (SNSPD). (a) Typical meandered nanowire; (b) equivalent

circuit of SNSPD; (c¢) waveform of output pulse
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Fig. 3 Microwave characteristics of a superconducting nanowire. (a) Characteristic impedance and velocity of
superconducting coplanar waveguides ( The superconducting film is NbN with a kinetic inductance of 80 pH/square.

The substrate is thermal dioxide silicon. The gap between signal line and ground is fixed at 500 nm.);

(b) characteristic impedance and velocity of coplanar waveguides made from normal metal (no kinetic inductance) ;

(c) ratio of kinetic inductance to geometric inductance
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Fig. 4 Different geometries of superconducting nanowire delay line imagers. (a) A single nanowires both acts as a detector
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3-SNAP; (d) detectors and delay lines are separated to build a linear array
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