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Fig.1 APD test chart in linear mode
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Fig.2 Diagram of the QDT experimental setup
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Fig.3 (a) Diagram of sinusoidal gating experimental device based on
low pass filtering; (b) APD output signal waveform at 1 500 MHz
gate frequency; (c) Avalanche signal after low-pass filter and

amplification
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Fig.4 (a) Dark counting and afterpulse probability at 10.0% detection
efficiency; (b) Test chart of different detection frequencies at 20%

detection efficiency

202209014



s Gk A2

%34

www.irla.cn

23

% 52 %

HY REZ R AE 20.0% FRIIALCRET, 1,00, 1.25, 1.50 GHz
PR AT 2R (1) I Bk o 53 ) ok 4.46%. 6.62%., 6.63%. 1E
20.0% AP, Ja Bk AR AR AR /DN, 580 8% % 1 20.0%
G, TR B B . 1E 10% RIS R X KLk b,
1.75 GHz Fl 2.00 GHz Ji5 ik #1431l R 10.4% Fi1 36.6%.
T DN AT S Tk e AR w3 1 DR R« i R SR R AT % 2 4
FZIE APD i o FA AR R A i, TG DR i) 17 £ 55 o
32 AEABETHEESH

InGaAs/InP APD J&f- R #8514, T4 B % Hopd:
e sE AR s K. B AL FPGA & 3% % 48
A, AR BT VR S -50.0. —40.0, —30.0. —20.0.
—10.0. 0.0 10.0 °C FIE I 25.0 °C 3% LA Fe A A3
PERYUELEE &5 . FHEIER T 1.50 GHz #MJ Z7E 20.0%
PRI 2550 23 B AN ) TR Ui B LA O P L S bk e
L RHECR AR

W S(a) fr s, iEAE APD (1) B i 0w & R A
—40.0~25.0 °C S BLLE M #a #, 7£-50.0 °C A Ir TR
i ik R K i 2 T R B T T S BT B, S kb e
~50.0 °C | % Yl iX N 3 BBl SE AR 4ERFAE 6.6%. R R &
APD TAETEMGIRRT, T ik B vh 510 2 8 T2 5
BB R BB A Ak, 5| & R e bk el BE IR
T, A3 2 05RO, B 7 B AL R K, gk
MR ARG, T ik i R A AR

T TH R A APD B 1150 PR A 75 35 K ) B P
BER, TRV K, TG AE 2R 23 Bl G L TS 1, X
AR AR R IR T X BOG T R ER M AR Ay TR o o AR 1T
BB O R I R T A (R W T A
=50.0~-30.0 °C H B T RGO o il FEAE-30.0 °C

72 _  m ]
g o | /././.,l (a)
o) 60 _./. —u— HV
120% 4 (b)
A& 80% f
40% . —A— AP
- 168 — ? S © S S
=z 5 120 | @
SN 80 | #. /*
B2 40 | T~y R~ —* —*— DCR
X 0 ko A st S n L

-50 —40 -30 -20 =10 0 10 20 30
Temperature/ °C.
5 20.0% FRIMACR T A IR T AP RED I
Fig.5 Performance test chart at different temperatures with 20.0%

detection efficiency
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Fig.8 12 hour stability test chart under 20.0% detection efficiency
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Low-noise GHz InGaAs/InP single-photon detector (invited)

Long Yaogiang, Shan Xiao, Wu Wen, Liang Yan®

(School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract:

Objective With the development of quantum information science, laser radar and deep space detection, the

traditional linear photoelectric detection technology has been unable to meet the needs of sensitive optical signal

detection. The single-photon detection technology has gradually become an important research in the fields of

weak light detection. InGaAs/InP avalanche photodiodes (APDs) are widely used in near-infrared single-photon

detection due to the small size, low power consumption and fast response. The detection rate of most commercial

InGaAs/InP detectors is at the level of 100 MHz, which cannot meet the application requirements for high

counting rate. Meanwhile, low noise of the APD will bring smaller false counts to the system and further improve
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the performance. Therefore, a low-noise InGaAs/InP single-photon detector operating at the repetition frequency
of GHz was demonstrated. Furthermore, the whole detector is evaluated with the quantum detector tomography
technology, providing support for its application in quantum information technology such as quantum
communication and quantum computation.

Methods In order to determine the detection frequency of gating signals, the response bandwidth of the APD is
analyzed in the linear mode, and the bandwidth range is calculated to be 1-2 GHz. The spectral distribution
characteristics of APD avalanche and noise signals are analyzed in the Geiger mode. It could be figured out that
the noise is mainly distributed in the gating frequency and its harmonic frequencies, while the avalanche signal is
mainly distributed below 1 GHz. Therefore, a cascade scheme of sine wave gating combined with low-pass
filtering is proposed (Fig.3). The detector comprises high-speed gate generation and delay regulation module,
temperature feedback control module, etc. Sine wave gating could be precisely controlled from many parameters
which include frequency, amplitude, delay in a wide range. Feedback is added in the temperature control module
to improve the stability of the detector. In addition, quantum detector tomography (Fig.2) is introduced to
calibrate the detector, which is regarded as a "dark box". The positive operator-value measuring matrix can fully
characterize the detector, which is obtained from input states and output results. The Wigner function is employed
to describe whether the detector has quantum properties at high input photons.

Results and Discussions Sine wave gating combined with low-pass filtering is designed in the system, and
signal-to-noise ratio is over 40 dB. The relationship between the detection efficiency and the afterpulse
probability at the frequencies of 1-2 GHz is recorded. When the working rate is 1.5 GHz and the detection
efficiency is set to be 20.0%, the afterpulse probability is 6.6% with the dark count rate of only 6.7x107 per gate
(Fig.4). At constant detection efficiency of 20.0%, the DC bias voltage of the APD increases with temperature,
showing a linear trend. While the afterpulse probability decreases, showing a contracting trend. The dark count
rate degrades with the decrease of temperature and the trend is reversed at —30 °C (Fig.5), which might be related
to high afterpulse or the intrinsic defection of APD. During the 12-hour test period, the detector performs
perfectly stable and the variance of detection efficiency is 1% (Fig.8). Quantum detector tomography technology
is employed to verify that high background noise does not affect the quantum properties (Fig.7).

Conclusions A GHz low noise InGaAs/InP detector is designed, and its detection efficiency, false count,
saturation count rate and stability are explored. Based on the analysis of the response bandwidth of APD, a
cascade scheme of sine wave gating combined with low-pass filtering is determined, realizing a low noise single
photon detection below 2 GHz. In addition, quantum detector tomography technology is employed to calibrate the
detector and verify its quantum properties. The structure of the detection technology is simple and the detector can
run stably in the long term, which provides strong support for the practical application of single photon detector in

deep space communication, laser mapping, optical time domain reflection and other fields.
Key words: single-photon detector; avalanche photodiode; low-pass filter; quantum tomography
technology
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Natural Science Foundation of China (62175152, 61927813)
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