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Development of silicon single photon detector and its application in

high-precision satellite-to-ground time comparison (Invited)

Liu Qiaoli, Liu Chang, Wang Yitong, Hao Lingxiang, Huang Yonggqing, Hu Anqi, Guo Xia"
(School of Electronic Engineering, Beijing University of Posts and Telecommunications, Beijing 100876, China)

Abstract: High-precision comparison of time-frequency is an important technology to achieve high-precision
time-space consistency and time-frequency stability of the whole society information system, and provides a
unified time guarantee for key areas of national economic development. Owing to its high detection efficiency,
low noise, low timing jitter, and easy integration, silicon single photon detector is the key core chip in the high-
precision satellite-to-ground time comparison system. The interrelationship between photon detection efficiency,
dark count rate and timing jitter of the silicon single photon detector was analyzed in this paper. Based on the in-
depth review of the research of the silicon single photon detector, the relationship between photon detection
efficiency and timing jitter was effectively overcome. A silicon single photon detector with a photosensitive
diameter of 200 pum, photon detection efficiency of 50% at room temperature, and the timing jitter of 46 ps was
developed. Its application in the satellite-to-ground time comparison was briefly introduced finally.

Key words: silicon single photon detector; photon detection efficiency; timing jitter; satellite-to-

ground time comparison
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Tab.1 Comparison of key performance parameters of two kinds of SPADs with different thicknesses of absorption

layer
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Fig.1 (a) Measured PDE, DCR and timing jitter of SPADs with different
photosensitive diameters; (b) Fitting results of DCR with

photosensitive diameters
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Fig.2 (a) Cross section of the proposed device structure; (b) Measured dark current, photocurrents and the corresponding gain versus reverse bias voltage

(Inset shows the breakdown voltage characteristics of the device under different doping level); (c) PDE as a function of V,, at 532 nm; (d) DCR of

SPAD:s at different V,, as a function of photosensitive diameters
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Tab.2 Performance comparison between commercialized devices and device developed by our group
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