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Fig. 1. (a) Schematic measurement system diagram of infrared SNSPD; (b) the optical part of an infrared measurement system.
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Fig. 2. (a) SEM image of SNSPD (the line width of the nanowire is 30 nm); (b) IV characteristic curve for measurement of

SNSPD.
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Fig. 3. (a) ng of the infrared optical system (the standard deviation in 200 s is 454 cps); (b) np and Anp on different temperature.
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Fig. 4. (a) At 100 °C, the changes of np within the 2 mm moving range at 100 “C (np, is the photon count rate without moving, np;
is the photon count rate after moving 2 mm horizontally); (b) changes of np within the 2 mm moving range at 102 °C (np, is the
photon count rate without moving, nps is the photon count rate after moving 2 mm horizontally); (c¢) np before and after using the
coupled lens at 100 “C (nps is the photon count rate when the focusing lens is not used, npg is the photon count rate when the focus-
ing lens is used); (d) np before and after the coupling lens is used at 102 °C (np; is the photon count rate when the focusing lens is
not used, npg is the photon count rate when the focusing lens is used). In panels (a)—(d), the horizontal coordinate corresponding to

the solid line is the mean value of each np within 180 s, and 7 is the corresponding standard deviation.
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Abstract

Superconducting nanowire single-photon detector is a kind of refrigerated photon-counting detector with
high performance, which can detect extremely weak signals. The noise of optical system is an important factor
limiting the sensitivity of infrared superconducting nanowire single-photon detector. In order to improve the
sensitivity of infrared detection system, the calculation model of signal-to-noise ratio and background radiation
of infrared optical system based on superconducting single photon detector is established and the source of noise
in optical system and the radiation emission of black body are analyzed theoretically. The noise characteristics
of infrared optical system are quantitatively analyzed by photon counting capability of superconducting
nanowire single-photon detector, and the relationship between the photon count rate and temperature under a
small temperature difference is explored. An optical system based on infrared superconducting single photon
detector is designed. The designed optical system improves the infrared photon coupling efficiency and the
signal-to-noise ratio of the superconducting detection system, which are verified theoretically and experimentally ,
thus reducing the influence of background radiation on the detection system. The results show that the super-
conducting single-photon detector has high sensitivity to the analysis of the infrared optical system, and the mini-
mum resolved movement distance is 2.74 x 102 mm. The physical coupling efficiency of the optical system and
the photon count rate of the detection system are improved by optimizing the optical system, and the signal-to-
noise ratio of the system increases by 2.7 times under the same conditions. It is expected that this infrared

superconducting nanowire single-photon detector can be used in finer and higher precision detection field.

Keywords: infrared optic system, superconducting nanowire single-photon detector, sensitivity, signal-to-noise

ratio
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