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Abstract: With the increasing application of single-photon detection technology in the field of

lidar and quantum information, the development of single-photon detectors has attracted more and
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more attention by researchers. In this paper, a low-noise InGaAs near-infrared single-photon
detector with large photosensitive surface based on domestic SPAD is developed. The diameter of
the effective photosensitive surface of the SPAD is 50 um. In order to reduce the low dark count
under the large photosensitive surface, the scheme of applying both deep cooling and active
guenching in the vacuum chamber is adopted, and a high-speed active quenching circuit with low
power consumption is developed. It can be directly interconnected with the SPAD chip in the
chamber, which can reduce the dark count, simultaneously improve the quenching and recovery
speed of the SPAD. In purpose to solve the heating problem of the quenching circuit in the
chamber and the 5-stage TEC, the design of the heat dissipation structure of the detector is
emphatically considered. The results show that the maximum usable detection efficiency of the
detector is about 26% at 1550 nm, and the lowest cooling temperature is 201 K. At 203 K, when
the detection efficiency is 8% and the shortest dead time is 40 ns, the afterpulse probability is
11.7 %, meanwhile the dark count rate is 1.3 kHz. The above results show that this low-noise
count communication-band near-infrared single-photon detector with large photosensitive surface
is suitable for applications with more stringent requirements on performance and environmental
space.

Keywords: single-photon avalanche diode; single-photon detection; near infrared; deep cooling;

large photosensitive surface
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Fig.1 Structure diagram of the vacuum chamber of the detector
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Fig.2 Illustration of the detector
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Fig.3 Schematics of |ow—power high—speed active quenching circuit
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Fig.5 Dark count rate as a function of dead time at different temperature and detection

efficiency
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Fig. 6 Total afterpulse probability as a function of dead time at different temperature and
detection efficiency
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