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Abstract

A single-photon detector was demonstrated with InGaAs/InP avalanche photodiode operated in 1-
GHz gated Geiger mode. The capacitance-balancing technique was combined with low-pass filtering
to achieve the valid extraction of the avalanche signal. With this method, the repetition frequency
of this detector could be continuously tuned on a large scale. Moreover, ultrashort gates were em-
ployed to control the bias voltage of the avalanche photodiode, further improving the performance
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of the detector. Detection efficiency of 11.0% was finally attained with dark count rate of 7.0 x
10-7/gate and afterpulse probability of 4.7%. Besides that, the timing jitter of this GHz single-pho-
ton detector was measured to be ~94 ps, making it quite suitable for high-speed quantum key dis-
tribution and laser ranging systems.
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Figure 1. Schematic setup of the InGaAs/InP APD based single-photon detector. SG: Signal generator; PG: Pulse generator;
Attn: Variable optical attenuator; AMP1, 2: RF amplifier 1, 2; LPF: Low-pass filter; MTNT: So-called magic-T network con-
sisting of a broadband transformer; ADC: Analog to digital converter
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Figure 2. Waveforms of the output signal of AMP1 while the incident laser was (a) off and (b)
on, respectively; (c) Waveform of the output signal of LPF
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Figure 3. Afterpulse probability and dark count rate as a func-
tion of the detection efficiency of the SPD
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Figure 4. Count rate dependent on the laser pulse delay
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Figure 5. Time histogram of detection events, the inset shows the
zoomed waveform of the peak histogram

5. FRNEHRIREIES B ; #RE R RIEEE S BB AR

4, g5ig

AT T — T AP A IR A A R R BB A 145 InGaAs/InP APD ) s St 4R
MIFS, 761 GHz BB 1195 R SEIl 1 AU 78 30 dB I EL, K13 T AL T B SIS s 5.
IeAh, IXFNAE T A4S SPD AT ATE KVE [ SR E A A . 2 1-GHz A 1= (A A1 %4 170
ps)itE IN7E APD LI, e ZsBl 11.0%MERIN R, BETHECE N 7.0x107/1], JE kit EZ N 4.7%. 5 [A]
FLEM AL 94 ps, JE/R T i B FH AR PR RS . EIX AR TR T b, R TP e
APD 1) i B HL R LE o i R FH R i i 2 TR], - BT AT DA e e i 14 PR s 5 R ik e 5 8 Ak — 2P 4 v i
SPD [t RE, AF L IE M T 52 A4

SE

[1] Korzh, B, Lim, C.C.W., Houlmann, R., Gisin, N., Li, M.J., Nolan, D., et al. (2015) Provably Secure and Practical Quan-
tum Key Distribution over 307 km of Optical Fibre. Nature Photonics, 9, 163-168.
https://doi.org/10.1038/nphoton.2014.327

[2] Tang, Y., Yin, H, Chen, S, Liu, Y., Zhang, W, Jiang, X., et al. (2015) Publisher’s Note: Measurement-Device-Inde-
pendent Quantum Key Distribution over 200 km [Phys. Rev. Lett. 113, 190501 (2014)]. Physical Review Letters, 114,
Article ID: 069901. https://doi.org/10.1103/physrevlett.114.069901

[3] Wang, S, Yin, Z.Q., Chen, W., He, D.Y., Song, X.T., Li, H.W., Zhang, L.J., Zhou, Z., Guo, G.C. and Han, Z.F. (2015)
Experimental Demonstration of a Quantum Key Distribution without Signal Disturbance Monitoring. Nature Photonics,
9, 832-836.

[4] Buller, G. and Wallace, A. (2007) Ranging and Three-Dimensional Imaging Using Time-Correlated Single-Photon
Counting and Point-by-Point Acquisition. IEEE Journal of Selected Topics in Quantum Electronics, 13, 1006-1015.
https://doi.org/10.1109/jstge.2007.902850

[5] Al-Rawhani, M.A., Beeley, J. and Cumming, D.R.S. (2015) Wireless Fluorescence Capsule for Endoscopy Using Single
Photon-Based Detection. Scientific Reports, 5, Article No. 18591. https://doi.org/10.1038/srep18591

[6] Tosi, A., Acerbi, F., Anti, M. and Zappa, F. (2012) InGaAs/InP Single-Photon Avalanche Diode with Reduced After-

DOI: 10.12677/japc.2025.142034 368 Ly PR R=Svi


https://doi.org/10.12677/japc.2025.142034
https://doi.org/10.1038/nphoton.2014.327
https://doi.org/10.1103/physrevlett.114.069901
https://doi.org/10.1109/jstqe.2007.902850
https://doi.org/10.1038/srep18591

TEn

(7]
(8]
[9]

[10]

[11]
[12]
[13]

[14]

[15]

[16]

pulsing and Sharp Timing Response with 30 ps Tail. IEEE Journal of Quantum Electronics, 48, 1227-1232.
https://doi.org/10.1109/jqe.2012.2208097

Ma, H.Q., Yang, J.H., Wei, K.J., Li, R.X. and Zhu, W. (2014) Afterpulsing Characteristics of InGaAs/InP Single Photon
Avalanche Diodes. Chinese Physics B, 23, 66-70.

Li, Z.H., Bao, Z.Y., Shi, Y.F., Feng, B.C., Wu, E., Wu, G. and Zeng, H.P. (2015) Photon-Counting Chirped Amplitude
Modulation Lidar with 1.5-GHz Gated InGaAs/InP APD. IEEE Photonics Technology Letters, 27, 616-619.

Liu, Y., et al. (2010) Internal Cancellation of Spikes Using Two Avalanche Photodiodes in Series for Single Photon
Detection. Chinese Physics B, 19, Article 1D: 080308. https://doi.org/10.1088/1674-1056/19/8/080308

Namekata, N., Adachi, S. and Inoue, S. (2009) 15 GHz Single-Photon Detection at Telecommunication Wavelengths
Using Sinusoidally Gated InGaAs/InP Avalanche Photodiode. Optics Express, 17, 6275-6282.
https://doi.org/10.1364/0e.17.006275

Liu, C., Ye, H. and Shi, Y. (2022) Advances in Near-Infrared Avalanche Diode Single-Photon Detectors. Chip, 1, Article
ID: 100005. https://doi.org/10.1016/j.chip.2022.100005

Zhang, J., Thew, R., Barreiro, C. and Zbinden, H. (2009) Practical Fast Gate Rate InGaAs/InP Single-Photon Avalanche
Photodiodes. Applied Physics Letters, 95, Article ID: 091103.

Dello Russo, S., Elefante, A., Dequal, D., Pallotti, D.K., Santamaria Amato, L., Sgobba, F., et al. (2022) Advances in
Mid-Infrared Single-Photon Detection. Photonics, 9, Article No. 470. https://doi.org/10.3390/photonics9070470

Walenta, N., Lunghi, T., Guinnard, O., Houlmann, R., Zbinden, H. and Gisin, N. (2012) Sine Gating Detector with
Simple Filtering for Low-Noise Infra-Red Single Photon Detection at Room Temperature. Journal of Applied Physics,
112, Article ID: 063106. https://doi.org/10.1063/1.4749802

Zhu, G., Zheng, F., Wang, C., Sun, Z., Zhai, G. and Zhao, Q. (2016) Bias-Dependent Timing Jitter of 1-GHz Sinusoidally
Gated InGaAs/InP Avalanche Photodiode. Chinese Physics B, 25, Article ID: 118505.
https://doi.org/10.1088/1674-1056/25/11/118505

Comandar, L.C., Fréhlich, B., Lucamarini, M., Patel, K.A., Sharpe, A.W., Dynes, J.F., et al. (2014) Room Temperature
Single-Photon Detectors for High Bit Rate Quantum Key Distribution. Applied Physics Letters, 104, Article ID: 021101.
https://doi.org/10.1063/1.4855515

DOI: 10.12677/japc.2025.142034 369 Bk Sei


https://doi.org/10.12677/japc.2025.142034
https://doi.org/10.1109/jqe.2012.2208097
https://doi.org/10.1088/1674-1056/19/8/080308
https://doi.org/10.1364/oe.17.006275
https://doi.org/10.1016/j.chip.2022.100005
https://doi.org/10.3390/photonics9070470
https://doi.org/10.1063/1.4749802
https://doi.org/10.1088/1674-1056/25/11/118505
https://doi.org/10.1063/1.4855515

	基于超短门控脉冲的GHz InGaAs/InP单光子探测
	摘  要
	关键词
	GHz InGaAs/InP Single-Photon Detection with Ultrashort Gates
	Abstract
	Keywords
	1. 引言
	2. 实验装置
	3. 结果与讨论
	4. 结论
	参考文献

